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 Chapter 1 Introduction
 The Radio Network Optimization (RNO) is to reasonably adjust the communication network planning and design as per certain criteria so as to enable the network operation more reliable and economical, improve the network service quality and resource utilization, which is of great importance to network carriers.
 While questing for reasonable utilization of network resource and improving the service quality to the greatest extent, the network optimization solution can provide evidences and principle for future network expansion. The network optimization can supplement and correct the network planning that was well implemented but has some aspects not considered, adjust and correct to network when the conditions (such as transmission environment and traffic) change. Therefore, in the whole solution, the network optimization plays a key role.
 In general, drive test, statistics and users’ subjective sense are used as optimization evidences, while signaling tracing and analysis play a crucial role in troubleshooting. The basic method for network optimization is to analyze an adjust engineering parameters and cell parameter according to OMC statistics result and drive test result so as to optimize the network finally.
 In this guide, the flow of network optimization will be introduced firstly, and then each procedure in the flow will be described in details together with actual cases.
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 Chapter 2 Radio Network Optimization Work Flow
 2.1 Work Flow
 For the live network, there are OMC statistic data that can be used to reveal the network performance.
 On the other side, the influence to the network should be taken into consideration for any adjustment. That is the reason that the adding of the simulated loading and the change of the parameters must be done at night if necessary.
 The optimization process is divided into the following parts:
 l Project preparation and startup
 In this stage, we need to prepare the resource needed by optimizing project, including engineers、vehicles、software and tools, and we also need to divide the cluster if the number of sites is more than the specified scale. More details refer to chapter 3.
 l Single site verification
 In this stage, firstly we check the alarm and states of target cells in RNC LMT. Then we need to verify the coverage、scrambling codes、installation of the target cells and make one call test to verify the base function of target cells. More details refer to chapter 4.
 l RF optimization In this stage, we need to optimize the coverage and handover performance and solve the RF related call drop. More details refer to chapter 5. l Service Optimization
 In this stage, we need to optimize performance of each service, including AMR、VP、and PS service. More details refer to chapter 6.
 l Report output
 After the optimizing project completing, we need output the final optimization report. More details refer to chapter 7.
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 Figure 2-1 Radio network optimization work flow
 2.2 Related Report
 2.2.1 Output Report and Table
 l Optimization Report l Site Configuration Parameter Table l Radio Parameter Configuration Table
 2.2.2 Process Table
 l Site Configuration Parameter Table l Radio Parameter Configuration Table
 Project
 preparation
 and startup
 Optimization database
 Analysis and adjustment
 Verification test
 Report
 output
 Y N
 Analysis and adjustment
 Verification test
 Y N
 RF optimization Service optimization
 Single site
 verification
 Optimizing method
 Adjust system parameter Aadjust engineering parameter
 Data Collection
 Drive test CQT Statistics
 Satisfy criteria Satisfy criteria
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 Chapter 3 Project Preparation and Startup
 3.1 Understanding of the Existing Network
 Before the network optimization, the RNO manager (RNO_PM) should be acquainted with the existing network to make the working plan.
 The information below is required:
 l radio network planning report l latest site configuration table and radio parameter configuration table l OMC statistic data l subscriber complaints of the existing network
 3.2 Optimization Team Establishment and Cluster Division
 3.2.1 RNO Team
 The optimization manager shall establish the optimization teams by estimating the workload, deciding the human resource and tools requirements and making the time schedule.
 The general organization is shown in Figure 3-1.

Page 8
                        

WCDMA Radio Network Optimization Guide Chapter 3 Project Preparation and Startup
 Huawei Technologies Proprietary
 3-2
 Figure 3-1 Organization of RNO team
 3.2.2 Cluster Division
 If the NODEBs involved are more than 20 or the test time of the target area exceeds 3 hours, we should divide the target area into parts before the optimization. Cluster refers to a set of NODEBs in one part. An area of a cluster should contain a complete test route and the time for one test should be less than three hours. In addition, the test time of each cluster should be similar.
 3.3 Optimization Tools and Software
 3.3.1 Optimization Tool
 Each team should be equipped with a set of drive test tools, including:
 l UMTS scanner: Agilent E6474A with E6455C(version upper 6.0) scanner or DTI scanner
 l UMTS test UE: HUAWEI U626 or Qualcomm TM6200 (version upper 5.0) l GPS and data line: The E6455C which has built-in GPS.
 More than one set of equipment below is required and shared in a large project team:
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 l YBT250: For identifying the location of the interference l Digital camera: Used to record special propagation environment
 3.3.2 Optimization Software
 The following software is required for each team:
 l Post processing tool: HUAWEI Assistant or ACTIX Analyzer RVS l MapInfo: For some self-definition analysis of drive test data
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 Chapter 4 Single Site Verification
 4.1 Purpose
 The purpose of single site verification is by using Scanner + UE to:
 l verify coverage (RSCP & Ec/Io) l verify scrambling codes l verify no installation faults l Verify the base function
 4.2 Preparation
 Before the time-consuming drive test, you should only ensure the following conditions have been met.
 4.2.1 Alarm Check
 Usually, the product support engineer will be responsible for checking and resolving all the alarms, It is important for the optimization engineer prior to any field test to check with product support engineer regarding any alarms especially intermittent alarms.
 4.2.2 Cell State Check
 Usually, the product support engineer will be responsible for checking and resolving all the cell state problems. It is important for the optimization engineer prior to any field test to confirm with product support engineer regarding cell state.
 4.2.3 Radio Parameters Check
 Check equipment version and radio parameters configuration, for example: the scrambling code, power setting, neighbor cell list, handover parameter. As for neighbor list, the check must be done not only to intra-frequency neighbor list, but also inter-RAT neighbor list.
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 4.3 Site Verification
 Site verification is to check the service using one call test before the optimization to ensure the basic services are normal for each site.
 The check consists of signal strength, feeder connection, LA/RA update, PS attach, PS detach, voice service call setup, PDP activation , intra-frequency handover, 3G/2G handover, 3G/2G cell reselection.
 If there is any suspect like the low signal strength and wrong feeder connection (for example Tx/Rx main antenna or Rx diversity antenna), the optimization engineer shall ask installation engineer to check the RF.
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 Chapter 5 RF Optimization
 Any RF issues at edge of cluster must be resolved in coordination with the adjacent cluster as soon as possible.
 5.1 Purpose
 The purpose of RF optimization is by using Scanner + UE to:
 l optimize CPICH and service coverage and cell dominance l minimize interference l minimize pilot pollution l optimize neighbor list l resolve any RF-related drop call l improve connected ratio, delayed time connected
 5.2 Drive Survey
 Drive survey includes both a scanner and a UE in a continuous AMR call. Drop calls should be analyzed to determine if the cause is RF related or not.
 5.2.1 Preparation
 I. Alarm Check
 Refer to Alarm Check
 II. Cell State Check
 Refer to Cell State Check
 III. Test Route Selection
 Usually, the customer can provide the test route based on GSM experience.
 IV. Load Simulator
 It’s not recommended to do the test with simulated load for a live network because the simulated load will affect the users.
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 5.2.2 Drive Test
 Drive the test vehicle along the test route. Use the foreground data collecting tools to record the corresponding data at the UE side. Use the RNC LMT to recode the corresponding data at the RNC side.
 5.3 Data Analysis
 The drive test data analysis consists of:
 l poor coverage l dominant cell l pilot pollution l neighbor list missing l minimize interference l other any RF-related drop call
 5.4 Adjustment Recommendation and Implementation
 Changes will mainly include:
 l engineering parameter adjustment l neighbor list changes
 I. Engineering Parameter Adjustment
 Most of the problems of coverage or interference can be solved by adjusting the engineering parameter. The purpose is to enhance the coverage to eliminate the blind area or conversely to control coverage and interference. To be specifically, to use the combination of ways below:
 l Antenna down tilt adjustment l Antenna azimuth adjustment l Antenna location adjustment l Antenna height adjustment l Antenna replacement l Site replacement l Add new cell
 Before the implementation of the adjustment of the engineering parameters, it’s necessary to carefully analyze the RSCP, dominant cell, Ec/Io of related cells.
 Usually the optimization engineer only needs to provide installation engineer with the engineering parameter change requirement.
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 II. Radio Parameters Adjustment
 As for radio parameter changes in RF optimization phase, usually only the neighbor cell list is taken into consideration.
 All parameters should be adjusted very carefully.
 III. Benchmark
 Sometimes it’s hard to predict accurately the impact of the parameter changes. So it’s necessary to benchmark before and after parameter changes. It’s recommended to do the benchmark together with the statistics analysis for live network.
 Another benchmark needs to be mentioned is for different type of UE.
 IV. Summary
 After the RF optimization, the team leader (NO_PL) should output:
 l Site Configuration Parameter Table l Radio Parameter Configuration Table
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 Chapter 6 Service Optimization
 Service optimization includes field test and statistics analysis.
 The field test can be divided into two parts: drive test on main road and test for special areas (CQT). Test for special areas is like walk survey for some indoor distributed cells.
 6.1 Purpose
 The purpose of service optimization is by using scanner + UE log, RNC log, statistics counters and KPI, MSC & SGSN log (if needed) to:
 l reduce access failure l reduce drop call l enhance service quality
 6.2 Drive Survey
 Drive test is to get information of the service on the main road and to solove the problems as access failure, drop call, power control, handover and service quality.
 The test includes (in order of priority):
 l The call setup test for voice service l The continuous call test for voice service l Idle mode test l The call setup test for video phone service l The continuous call test for voice service l The call setup test for PS service l The continuous call test for PS service
 The test should be performed repeatedly to the location with problems to make sure that the problem is repeatable.
 Unlike RF optimization drive test, for service optimization it’s not needed to do the service test for all sites. So it’s not necessary to stick to the idea of cluster.
 6.2.1 Preparation
 Refer to Preparation
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 6.2.2 Drive Test
 Refer to Drive test
 6.3 Data Analysis
 The data analysis consists of:
 l Analyzing and finding out the solution for access failure (system bugs, power control parameter, cell selection and reselection parameter etc.)
 l Analyzing and finding out the solution for drop call (system bugs, power control parameter, handover parameter etc.)
 l Analyzing and finding out the solution for service quality related problems (system bugs, power control parameter, RLC parameter etc.)
 6.4 Adjustment Recommendation and Implementation
 The adjustment recommendations for service optimization are mainly focus on the radio parameters.
 I. Radio Parameter Adjustment
 The parameters to be changed usually are:
 l common control channel power allocation l RL maximum power l intra-frequency handover l inter-frequency handover l Inter-RAT Handover l power control l Access parameters l Other related parameters.
 The influence caused by the cell parameters adjustment should be analyzed carefully by optimization engineer.
 The parameters adjustment to a live network should be performed when traffic is low (for example: at midnight). It is essential to do the service functional test after adjustment.
 II. Benchmark
 Refer to Benchmark
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 6.5 Test for Special Areas (CQT)
 Generally, special area refers to a small district or indoors environment, such as:
 l operator offices, residence of VIP l key hotels or entertainment location l government location l locations of large company or group subscribers l locations tend to be cared , such as railway station or airport
 6.6 Statistics Analysis
 As for the live network, in parallel with field test, you need to optimize the cells whose performance indicators have not reached the acceptance requirements. For example, to optimize the cells with congestion problems in busy hours.
 6.6.1 Preparation
 Check with engineers from operator OMC department and operator QA department:
 l all necessary counters are activated l the KPIs have been created l tools and scripts for KPI analysis are available.
 6.6.2 Analysis
 Statistics analysis includes:
 1) identify the poorly performing RNCs, sites and cells 2) finding out the cause of the degrading together with other engineers (product
 support engineer, transmission engineer, installation engineer) 3) give information about the impact of the changes of the parameters for
 benchmark.
 6.6.3 Adjustment Recommendation and Implementation
 Usually it refers to the radio parameter adjustment
 Refer to Adjustment Recommendation and Implementation
 6.7 Summary
 After the parameter optimization, the team leader (NO_PL) should output:
 l Radio Parameter Configuration Table
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 Chapter 7 Output Report
 7.1 Optimization Output Report and Table
 The optimization report should be presented after the network KPI fulfilling the optimization target.
 The optimization report should include:
 l project background introduction l existing network status l optimization target l optimization process l problem analysis and adjustment recommendation, and the effect for the
 implemented part l acceptance test and result l leftover problems and suggestions from the optimization view. l appendix
 Besides the optimization report, the updated Site Configuration Parameter table and Radio Parameters Table are required.
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 Chapter 8 Category of Optimization Problems and
 Case Analysis
 8.1 Coverage Optimization
 8.1.1 Classifying and Defining Coverage Problem
 I. Signal Dead Zone
 A signal dead zone generally refers to the area where the pilot signal is less than the lowest access threshold (such as RSCP threshold is -115dBM, Ec/lo threshold is -18dB), and the area can be a concave area, hill rear, elevator shaft, tunnel, underground garage or basement, and internal part in a tall building.
 In general, if the coverage of adjacent base stations is not overlapping and there are considerable users or the area is large, a new base station should be established or the coverage should be expanded (such as, improving the pilot transmitting power and the antenna height at the cost of the capacity) to enable the overlapping depth to reach about 0.27R (where R refers to the cell radius), ensuring a certain-sized soft handover area.
 Meanwhile, the adjacent frequency interference possibly caused by expanded coverage should be noted. In the concave area and hill rear, a new base station or RRU or repeater can be set up to efficiently cover the dead areas, or expand the coverage. However, because the RF repeater may cause the inter-modulation interference, the possibly generated interference should be noted during the engineering. For the signal dead area in the elevator shaft, tunnel, underground garage or basement, and tall building, it can be solved with RRU, repeater, indoor distribution system, leaky cable and directional antenna.
 II. Coverage Hole
 A coverage hole refers to the coverage area where the pilot signal is lower than the lowest value required by full-coverage services such as voice, VP and PS 64K service, but higher than the lowest access threshold of mobile phones.
 For example, if the traffic is even but the sites locations are unevenly distributed, RSCP will not be able to meet the lowest requirement for full-coverage services in some areas. Still, if RSCP of the pilot signal in some areas can meet all requirements,
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 but the intra-frequency interference increases, the pilot channel Ec/lo will not meet the lowest requirement for full-coverage services.
 For example, because the cell breath effect happens for the increasing capacity of the cells around the soft handover area, the coverage quality in the soft handover area is lowered, that is, a so-called coverage hole appears in the area. Here, the coverage hole is for mobile phone services, and is different from the signal dead area in which a mobile phone usually cannot camp on a cell nor initiate location update and location registration and therefore causes “Disconnected”.
 In general, the unreasonable site distribution should be avoided in the planning. Selecting a suitable location can guarantee either that the pilot RSCP density of the network reaches a certain level, such as -65dBm in the road in a dense urban area and -80dBm in an ordinary area, or that the pilot Ec/lo of the network with a certain loading is not lower than the lowest requirement for full-coverage services.
 Because of the restriction of estates and equipment installation, improper locations have to exist. When a coverage hole happens, a new mini-base station or a repeater can be set up to improve the coverage. If the coverage hole is not serious, the coverage can be optimized by using high gain antennas, increasing antenna height and reducing the mechanical tilt angle of the antenna. If the pilot Ec/lo coverage cannot be efficiently improved through RF adjustment, a dominant cell can be generated by adjusting the pilot frequency (increasing the strongest and reducing the rest).
 III. Trans-Regional Coverage
 The trans-regional coverage usually refers to the coverage of some base stations exceeds the planned scope. The trans-regional coverage can cause discontinuous dominant areas in the coverage of other base stations if the strength of trans-regional signal meets the requirement for the full-coverage services.
 For example, some sites of which the locations are much higher than the average height of around buildings can transmit signals very far along highlands or roads, and form the dominant coverage, the so-called “Island”, in the coverage of other base stations. Therefore, when a call is accessed to the “Island” area which is far from a nearby base station and the nearby cells are not set as adjacent cells to “Island” the during setting the cell handover parameters, the call drop will happen as soon as the mobile phone leaves the "Island”.
 Even if the adjacent cells are configured, but for the too small “Island” area, the call drop will happen if the handover cannot proceed in time.
 Still, in some areas like that on both sides of Victoria Harbor in Hong Kong, if a special planning is made for the base stations in Tsimshatsui in Kowloon, and the
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 Center and Sheung Wan in Hong Kong island, the trans-regional coverage between these two areas will be caused due to the too near harbor sides and the interference is generated.
 In general, for the trans-regional coverage, the signal transmission of facing road should be avoided or using the obstacle effect with around building to reduce the trans-regional coverage. But it should also be noted whether the intra-frequency interference is generated to other base stations. For the base station in high location, the effective method is to change the location. However, because of the restriction of estates and equipment installation, if a suitable location cannot be found, the intensive adjustment to the mechanical tilt angle of the antenna will cause that the antenna directional diagram is distorted. If necessary, the pilot power can be adjusted or the electric tilt angle antenna can be used so as to remove the "Island” effect by reducing the coverage.
 IV. Pilot Pollution
 The pilot pollution means that too many pilots are received on a point, in which there has not a dominant pilot.
 In this guide, the following method is used to judge the existent of the pilot pollution:
 the number of the pilots that meet the condition dBmRSCPCPICH 95_ −> is
 more than 3, with dBRSCPCPICHRSCPCPICH thst 5)__( 41 <− .
 The reason of adding the judgment to the absolute threshold of pilot RSCP is to distinguish coverage hole from no dominant call in the edge of the target coverage area. No matter it is the coverage of a micro cell or a macro cell, if the pilot pollution happens, the available signals will be influenced, which leads to the increased lo, decreased Ec/lo and increased BLER and causes the pingpong handover and call drop.
 In general, the possible reasons for pilot pollution may be the unreasonable site distribution, too high the location of the base station or too high antenna, unreasonable directional angle of the antenna, and the influence caused by the back radiation of the antenna, unreasonable setting of pilot power and the influence of around environments. Where, the influence of around environment can be the obstacle of tall building or mountain, signal transmission extended along streets or water area, or signal reflection caused by the glass curtain wall on the tall building.
 Therefore, besides adjusting the distribution and antenna parameters, combining the sectors of the base station or deleting redundant sectors can reduce the pilot pollution without affecting the capacity condition. The pilot pollution should be overcome during the planning as much as possible so as to facilitate the future network optimization.
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 V. Unbalanced Uplink/Downlink
 The unbalanced uplink/downlink refers to the restricted uplink coverage (for example, the transmitting power of UE cannot meet the uplink BLER requirement although it reaches the maximum) or the restricted downlink coverage (for example: the transmitting power of the private downlink channel code cannot satisfy the downlink BLER requirement although it reaches the maximum) in the target area.
 What operators care mostly is that the service coverage quality mapped to the performance statistics, because an excellent pilot coverage is the precondition for ensuring the excellent service coverage. Because WCDMA support multi-service bearing, the planned target area should guarantee the continuous up/downlink balancing of the full-coverage service, and some areas should support the asymmetrical service of discontinuous coverage, such as uplink 64K and downlink PS 12KB service, and uplink 64K and downlink PS384K service.
 For the uplink coverage restriction, the theoretical reason is that the maximum UE transmitting power cannot satisfy the required receiving sensitivity by NodeB. For example: the uplink interference of the base station caused by the inter-modulation interference, signal leakage generated in the cell edge or equipment in the same site, the incorrect setting of repeater UL gain which raising the bottom noise and increasing the uplink coupling loss.
 For the downlink coverage restriction, the theoretical reason is the increased noise received by the downlink mobile phone, leading to the Ec/lo degradation. For example: the increased interference in this cell caused by increased user, or raised interference in the adjacent cell, or the restricted downlink power (the combined network of 10W and 20W power amplifier causes that the assignment of the radio resources is unbalanced).
 Usually, the unbalanced up/downlink coverage problem easily causes the call drop. If it is caused by the interference to the uplink and downlink, the problem can be located by monitoring the alarms on the RTWP of the base station, and solved by checking the antenna feeder installation and adding the RF configuration.
 For example, for the problem happens on the antenna shared by 3G and 2G system, it can be solved by adding a band-pass filter. For the interference from the repeater, it can be solved by changing the antenna installation location. For the uplink coverage restriction on the cell edge, it can be solved by improving the base station sensitivity with the tower amplifier, subject to due downlink capacity loss. For the unbalanced up/downlink due to the restricted up/downlink power, the congestion can be viewed through the OMC traffic statistic data, or be judged by comparing the traffic on busy of the cells of each base station with the calculating capacity. It can be solved by sector splitting or adding carrier frequency, or by establishing the new micro cell. If the sector splitting is adopted, the narrow-beam high-gain antenna should be used accordingly.
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 While the system capacity is increased, the service coverage is improved. However, the interference and soft handover rate between cells must be under control.
 8.1.2 Coverage Problem Analysis
 I. Planning Analysis
 The GSM planning solution is worked out on the basis of two separation processes, coverage planning and frequency planning, which respectively comply with coverage criteria and capacity criteria based on the typical environment where the earlier mobile communication system is located.
 In the WCDMA system, the network planning standard is based on the capacity demand and the improvement of spectrum efficiency. The density, size and type of cells cannot only comply with the coverage criteria. The capacity demand must be taken into consideration, and the structure type in the target area should be determined from the standpoint of redundant cells or improving the capacity technology. Compared with the GSM system, WCDMA also has the intra-frequency interference. Because it does not have the additional freedom degree equal to the number of the channels assigned in the TDMA system, that is to say, if the cell density assigned from the initial resources on the basis of capacity restriction is unreasonable, the subsequent parameter adjustment cannot solve the problem at all. From the standpoint of resource allocation, the resource planning should be adjusted based on the network loading. Therefore, the precondition for analyzing pilot coverage and reference service coverage is to work out the planning solution for the target area, including site distribution, base station configuration, antenna feeder configuration, pilot coverage predication and service loading distribution.
 1) Sites distribution
 Besides the around ground object, land form characteristic, site location, height, model of each site in the area, the coverage objective information of the site should also be obtained from the site survey report.
 2) Base station configuration
 Such information should be obtained such as the base station type, sector distribution, correspondence between sectors and cells, cell transmitting power, EIRP, cell channel power configuration, and primary scramble in the cell.
 3) Antenna feeder configuration
 Such information should be obtained as the antenna model selection, antenna parameters (including horizontal beam width, vertical beam width, and antenna gain), and antenna installation (including antenna height, directional angle and tilt angle).
 4) Pilot coverage predication
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 To understand the pilot coverage predicted by the planning software, the coverage of each service in the area should be known according to the pilot coverage threshold, analyzing whether the pilot pollution, coverage hole, signal dead area, or trans-regional coverage exists in the area.
 5) Service loading distribution
 Such information should be known as the reference traffic distribution, soft handover obtained after static simulation, and up/downlink capacity distribution and restriction of each cell.
 II. Data Analysis Tool
 The frequently used analysis for the coverage data includes the background analysis of the drive test call and pilot survey data, analysis of statistics in the current network, analysis to UL RTWP alarm in each cell and analysis to the user call process traced by RNC. The analysis tools can help you find the network coverage problem and implement the planning adjustment combining with planning tools.
 1) Drive test data analysis tool
 At present, the frequently used tool for analyzing the drive test data is Actix and Huawei-developed Genex Assistant. In addition, TEMS also provide a background tool for analyzing the data collected from the foreground. With the tools, besides referencing the auto analysis report for call events, soft handover and drive test coverage performance provided by them, you can view the signal coverage of an actual area through the playback similar to the foreground.
 2) Statistics tool
 With the statistics tool, you can quickly grasp the traffic distribution of each service and the performance indicators of each cell. Especially after a network is put into commerce, it plays an significant role to analyze whether the cell density is suitable for user traffic distribution.
 3) UL RTWP alarm console
 According to the UL RTWP alarms reported by NodeB, yon can monitor the uplink interference to the network.
 4) RNC log
 We can use tool to analyze the recorded log to obtain the triggering reason for call drop.
 III. Adjust Configuration Parameters
 The following content lists the radio configuration parameters that may be adjusted for solving the coverage problem:
 1) CPICH TX Power
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 This parameter defines the PCPICH transmitting power inside a cell. The setting of this parameter must be combined with the actual environment condition, such as the cell coverage range (radius) and geographical environment. The cell needs to be covered, subject to the uplink coverage. In the cell with the soft handover demand, the parameter setting should ensure the rate of the soft handover area required in the network planning. In general, it is 10% of the total downlink transmitting power in the cell.
 2) MaxFACHPower
 This parameter defines the maximum transmitting power of FACH, relative to CPICH TX Power. If the parameter is set too low, it will caused that the UE will not receive the FACH packets, or the rate of the received wrong packets is very high; if it is set too low, it will leads to the power waste. It is enough that MaxFACHPower can ensure the target BLER. If the accessed Ec/lo on the cell edge is -12dB, the parameter can be set to -1dB, (relative to pilot).
 3) Sintrasearch, Sintersearch and Ssearchrat
 The three parameters are the start threshold for intra-frequency cell reselection, also known as Sintrasearch, the start threshold for inter-frequency cell reselection, known as Sintersearch, and the start threshold for inter-system cell reselection. When UE checks the quality of the serving cell (that is CPICH Ec/N0 measured by UE) is lower than the lowest quality standard (i.e. Qqualmin) of the serving cell plus the threshold. The process of intra-frequency/inter-frequency/inter-system reselection is started. Sintrasearch has higher priority than that of Sintersearch or Ssearchrat, so the value of Sintrasearch should be larger than that of Sintersearch or Ssearchrat. Sintrasearch is set to 5 (i.e.10dB) by default, Sintersearch to 4 (i.e. 8dB) by default ,and Ssearchrat to 2 (i.e. 4dB) by default, which can be set according to different conditions. For example, in an area with dense cells, Sintrasearch can be set to 7.
 4) PreambleRetransMax
 The parameter is the maximum times of an UE retransmitting preamble during a preamble escalating period. If the value is set too low, the preamble power may not rise to the required value, so an UE cannot access successfully; if the value is too high, the UE will increase the power continuously, and make access attempts repeatedly, which will cause interference to other user. This parameter is set to 8 by default. If the connectivity is low, the default value can be increased.
 5) Intra-FILTERCOEF
 The parameter refers to the measuring smoothing factor adopted during the filtering of L3 intra-frequency measurement report. The L3 filter should filter the random impact capability to enable that the filtered measured value can reflect the basic change trend of the actual measurement. Because the measured value input the L3 filter has passed the L1 filter that has almost removed the fast fading influence, L3 should smoothly filter the shadow fading and few fading burrs so as to provide the
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 better measurement data for the event judgment. In light of the recommended protocol, the value range of the filter coefficient is {0,1,2,3,4,5,6}. The larger the filter coefficient, the stronger the smoothing capability to burrs, but the weaker the tracing capability to signals, so the two items must be balanced. The parameter is set to 5 by default, but it can be set according to different conditions. For example, it can be set to 2 in the area with dense cells.
 6) Intra-CellIndividualOffset
 The parameter refers to the offset of the CPICH measured value of the intra-frequency handover cell, which plus the actual measured value is used for evaluating UE events. UE takes the original measured value plus the offset as the measurement result for judging the UE intra-frequency handover, acting as the edge of the mobile cell in the handover algorithm. This parameter is set according to the actual environment. If it is expected that the handover is easy to happen during the neighbor configuration, the parameter can be set to a positive value, otherwise, it will be set to a negative value. It acts as the edge of the mobile cell in the handover algorithm. The larger the parameter, the easier the soft handover and the more the UE in the soft handover state, but the more forward resource occupied; the smaller the setting, the harder the soft handover, which may directly affect the receiving quality. The parameter is set to 0 by default, that is to say, the influence caused by it can be ignored.
 7) RLMaxDLPwr and RLMinDLPwr (service-oriented)
 RLMaxDLPwr and RLMinDLPwr respectively means the maximum and minimum transmitting power of downlink DPDCH symbol, represented by the relative value of CPICH. The range between the maximum and minimum power is the dynamically adjusted range of power control, and can be set to 15dB.If RLMinDLPwr is set too low, it will cause that the transmitting power is very low due to wrong SIR estimation; if it is set too high, it will influence the downlink power control. From the standpoint of the capacity, RLMaxDLPwr can be set and adjust according to the target value of the signal-interference rate actually required by the capacity design and the actual traffic statistic indicators if the full-coverage service is not required.
 IV. Drive Test Data Analysis
 1) Downlink coverage
 a) Pilot strength analysis
 In general, the strongest downlink receiving RSCP of each site in the coverage area should be higher than -85dBm, as shown in the following Figure 8-1, where some areas with RSCP ranging from -85dBm to -105dBm appear on some roads. When the coverage hole happens, if the downlink received RSSI has no obvious change, Ec/lo will fade directly and cannot satisfy the performance requirement of the service coverage. The coverage of pilot RSCP Best Server can be used to
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 check whether the site distribution is reasonable. During the pre-planning period, the site distribution can be evaluated and selected with the coverage predication result which generated by the planning tools to ensure the balanced network coverage. However, because the digital map is not very accurate, the coverage result will be inconsistent with the planned. The pilot RSCP can be viewed from Scanner and UE. If the Scanner antenna is located outside, while UE is in the vehicle, the penetration loss between them is 5 to 7dB.It is recommended to use the data from the Scanner. In this way, the incomplete pilot information due to the missing configuration of the adjacent cell configuration can be avoided.
 Coverage hole
 Figure 8-1 Distribution of pilot density
 b) Dominant cells analysis
 At present, the thresholds of cell reselection and soft handover are set according to the Ec/lo change. Therefore, it seems important to analyze the distribution of various scrambles obtained by the Scanner on Ec/lo Best Server with no load and downlink loading as 50%. If there has the area with multiple Best Servers that changes frequently, it will be regarded that the area has no dominant area. Usually, the discontinuous trans-regional coverage or the pilot pollution in some area due to the high antenna (as shown in Figure 8-2) and the coverage hole (as shown in Figure 8-3) occurring on the coverage edge easily leads to a non-dominant cell, and further causes the intra-frequency interference, which leads to the pingpong handover and affects the service performance. In general,
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 the dominant analysis must be performed during the single-site test phase and pilot coverage verification phase with no-load and the service test phase with downlink loading as 50%, which is the important evidence to the RF optimization.
 No dominant cell
 Figure 8-2 Distribution of pilot Ec/lo Best Server
 No dominant cell
 Figure 8-3 Distribution of pilot Ec/lo Best Server
 c) Coverage comparison and analysis between UE and Scanner
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 The adjacent cell configuration is missed or the parameter of soft handover and cell selection/reselection are unreasonable, the Best Server in the active set in the connection mode or the resident cell in the idle mode will be inconsistent with the Scanner dominant cell. After the optimization the Ec/lo Best Server of UE and Scanner should be consistent. At the same time, the UE coverage diagram should have the clear Best Server line, as shown in Figure 8-4.
 Figure 8-4 Comparing and analyzing UE and Scanner Coverage
 d) Downlink code transmitting power distribution analysis
 In most cases, the UE drive test data can be imported into the background analysis software (Genex Assistant), and then the data of the downlink code transmitting power aligned by time. Then, the latter data can be displayed in a geographical view. The downlink code transmitting power of NodeB can be recorded in the RNC background. After the data is processed with Excel, the probability of density distribution can be obtained. Although the maximum and minimum value of downlink code transmitting power of each service are different, The downlink code transmitting power of the most sites should almost be the same when the UE downlink power control is normal and the network coverage is good. Only little areas will a little higher, as shown in Figure 8-5.
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 Figure 8-5 Downlink code transmitting power of voice with the downlink 50% loading recorded by RNC
 The mean value of the downlink code transmitting power obtained from the network drive test can measure the downlink path loss and intra-frequency interference of the coverage. The analysis to the drive test data focuses on the area in which the downlink code transmitting power is higher than the mean value, and the maximum downlink code transmitting power remains for a long time. Compared with the recorded UE drive test data, the direct reason for the remaining high downlink code transmitting power is that the BLER of the downlink transmitting channel of the service is not converged to the target value. Where the Best Server coverage of the pilot RSCP in this area should be analyzed first to check whether the path loss increases due to the signal dead zone or coverage hole. Then, the Best Server coverage of pilot Ec/lo in this area and the active set should be analyzed and the number of integrated cells should be monitored to check whether the downlink coupling loss increases due to the intra-frequency interference generated by the pilot pollution. If the pilot pollution does not happen, the change of the downlink RSSI should be noted. If the RSSI has no obvious increase through the comparison with other areas, the data collected by the Scanner should be compared with that of the dominant cell to check whether the configuration of the adjacent cell is missed. Of course, the external interference also needs to be taken into consideration, although the frequency clearing test is performed during the site setup.
 e) Soft handover rate analysis
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 According to the drive test data collected by the Scanner, the rate of the soft handover area can be obtained, which is defined as:
 testdrive inScanner by the collected points ofnumber Total testdrive inScanner the
 by collected and conditionhandover themeeting points ofNumber
 area Ratever Soft Hando ＝
 However, the soft handover area rate is the percent between the area of soft handover with the network coverage area in the network, and it cannot reflect the resource consumption and influence to the system capacity caused by the soft handover. So the soft handover rate should be defined based on the traffic, such as:
 %100handover)soft (including channel serviceby borne Erl
 handover)soft (excluding handover)soft (includingchannel serviceby borne Erl channel serviceby borne Erl
 RateHandover Soft ×
 －
 ＝
 During the network optimization, because there is no user, the UE drive test data once for the whole network is usually adopted. The rate of points in the soft handover status in the all points in the drive test is named the soft handover area rate, and it should be controlled from 30% to 40%.
 The soft handover rate can increase if the parameter modification happens, such as reducing the filter coefficient, reducing the trigger time, trigger threshold and hysteresis of the 1A event, increasing the trigger time, trigger threshold, hysteresis of the 1B event and increasing CIO. For the micro cell area, because of the dense sites, the soft handover rate will be relatively high, as shown in Figure 8-6.
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 Figure 8-6 Soft handover rate of UE
 2) Uplink coverage
 a) Uplink interference analysis
 The uplink RTWP data of each cell can be recorded in RNC. The uplink interference is a main factor affecting the uplink coverage and it is related to the antenna feeder and installation, so the carriers have their own characteristics. Therefore, the reasons for the uplink interference are omitted here. This section describes the way on how to view the uplink interference through the records of the uplink RTWP. As shown in Figure 8-7, the antenna of this cell receives signals through space diversity. In normal cases, the signal change trends of the two antennas should be the same, while the signals in the main diversity have no fluctuation, but there is about 20-dB fluctuation in the minor diversity, indicating there is the intermittent interference in the minor diversity in this cell. Same as the downlink coverage restriction with the maximum downlink code transmitting power remaining, the uplink interference will cause the uplink coverage restriction, making the network performance worse.
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 Figure 8-7 UL RTWP abnormity recorded by NodeB
 b) Distribution of UE uplink transmitting power
 The transmitting power distribution of UE reflects the distribution of uplink interference and uplink path loss. From the following Figure 8-8 and Figure 8-9, no matter in the micro or macro cell, the UE transmitting power in the normal condition is lower than 10dBm. When the uplink interference or coverage edge exists, the power will escalate. When it is higher than 10dBm and reaches 21dBm, the uplink coverage link will be restricted. Compared with the micro cell, the uplink coverage restriction is easier to occur in the macro cell.
 Figure 8-8 UE transmitting power distribution (micro cell)
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 Figure 8-9 UE transmitting power distribution (macro cell)
 8.2 Call Drop Optimization
 8.2.1 Definition of Call Drop
 I. Definition of Call Drop in Drive Test
 From the air message recorded on the UE during the conversation, that is, in the connection mode if any one of the following three conditions is met, that will be considered as a call drop:
 l receive BCH message, that is, the system message l receive RRC release message and the cause value for releasing as Not Normal l receive any message of CC disconnect, CC release complete and CC release,
 the cause value for release as Not Normal Clearing, Not Normal or Unspecified
 II. Definition of Call Drop in Statistics
 The generalized call drop should include the call drop of CN and UTRAN. Because the network optimization focuses on the index of the call drop rate on UTRAN, the call drop rate described in this section also aims at KPI analysis on UTRAN.

Page 35
                        

WCDMA Radio Network Optimization Guide Chapter 8
 Category of Optimization Problems and Case Analysis
 Huawei Technologies Proprietary
 8-17
 The related indicators on UTRAN refers to the number of the released service RABs triggered by RNC, including two aspects: 1) RNC sends the RAB RELEASE REQUEST message to CN after the service is established.2) RNC sends the IU RELEASE REQUEST message to CN, and then receives the IU RELEASE COMMAND from CN after the service is established. At present, the two aspects use one statistics indicator, , RNC_RAB_REL_TRIG_BY_RNC. The statistics can be classified according to actual services.
 Meanwhile, the statistics also counts the reasons for releasing various service RABs triggered by RNC.
 The formula for calculating the call drop rate:
 %*SuccessCSRABSetup
 iggedByRNCCSRabrelTrCDRCS 100_
 ∑∑=
 %*SuccessPSRABSetup
 iggedByRNCPSRabrelTrCDRPS 100_
 ∑∑=
 From a wide range, the call drop is classified into two kinds, call drop on signaling plane and call drop on user plane. From the flow, the call drop on signaling plane is because that RNC initiates lu release request, while that on user plane is because that RNC initiates RAB release request.
 In symptom, the call drop on signaling plane is that the mobile or RNC cannot receive the signaling of AM transmission and generate the SRB reset, leading to the connection releasing. In the downlink direction, the SRB reset happens because the mobile phone cannot receive the following messages such as security mode process, authentication encryption process, measurement control, active set updating, physical channel re-configuration, transmission channel re-configuration, RB re-configuration and the handover command (HANDOVER FROM UTRAN COMMAND) from 3G to 2G. Whether the mobile phone receives these command can be confirmed by the tracing message from the mobile phone. In the uplink direction, the SRB reset happens because of the following the messages such as measurement report, completion of active set updating, transmission channel re-configuration and RB re-configuration. They also require the tracing message from RNC to confirm.
 The main reason for the call drop on user plane is TRB reset, which usually happens on the PS service instead of voice and VP. In general, the confirmation can be assisted by analyzing the UE transmitting power or the downlink code transmitting power when the call drop happens. When the active set has only one link, RNC will initiate lu Release due to RL failure, which is caused by the uplink
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 out-of-synchronization. But the downlink out-of-synchronization will also enable the UE to close the transmitter and further cause the uplink out-of-synchronization. Whether the uplink or downlink causes the release depends on analysis to the transmitting power of the mobile phone before the call drop and downlink code transmitting power. The poor downlink coverage, strong downlink interference or uplink interference can cause the TRB reset. Sometimes, in the data service, the re-transmission time is unreasonable. When it is no time to perform the handover, the TRB reset ill happens earlier than the SRB reset, which should be differentiated carefully during the analysis.
 What should be noted is that the call drop of the RAN statistics is defined from the lu interface, respectively counting the numbers of RAB release requests and lu release requests initiated by RNC. While the call drop in the drive test is defined based on the cause value of combining the messages from the air interface and the non-access layer, two of which are not consistent completely. For example, for the conversation between the original call and terminal call, the tool records the air interface messages of the original call. If the call drop happens to the terminal call abnormally, it will also happen to the flow of analyzing the original call. However, from the statistics, the original call has no call drop record. The two definitions are inconsistent, which should be noted during the analysis.
 8.2.2 Basic Flow for Analyzing Call Drop
 The basic flow for analyzing call drop is shown in Figure 8-10.
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 Figure 8-10 Basic flow for analyzing call drop
 8.2.3 Analysis for Usual Call Drop Reasons
 I. Call Drop due to Missing Configuration of Adjacent Cell
 In general, most call drops happening during the early period in the network optimization is caused by the missing adjacent cell. For the intra-frequency adjacent cell, the following methods are always used to confirm whether a intra-frequency adjacent cell is missed to configure:
 l View the active set Ec/lo messages recorded by UE and the Best Server Ec/lo messages recorded by Scanner before the call drop happens. If the Ec/lo
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 recorded is very poor, while the Best Server Ec/lo is very good, check whether the Best Server scrambles appears in the latest adjacent cell list controlled by the intro-frequency measurement before the call drop. If no scramble is found, it can be confirmed that the problem is caused by the missing adjacent cell.
 l If the UE can access at once after the call drop and the cell scramble of the re-accessed UE is inconsistent with that before the call drop, it can be doubted that the missing adjacent cell causes the call drop. It can be confirmed further through the measurement control (looking for the message from the call drop location until finding the latest intra-frequency measurement control message to check the corresponding adjacent cell list).
 l Some UE can report the detected set message. If the corresponding scramble exists in the Detected Set message before the call drop, it can also be confirmed that the cause is the missing configuration of the adjacent cell.
 The call drop caused by the missing adjacent cell also includes missing configuration of the inter-frequency and inter-system adjacent cell. The method for confirming the missing configuration of the inter-frequency adjacent cell is almost the same as that of the intra-frequency adjacent cell, that is, the mobile phone does not measure or report the inter-frequency adjacent cell when the call drop happens, but resides in the inter-frequency adjacent cell again after the call drop happens. In symptom, the missing configuration of the inter-system adjacent cell is the mobile phone drops in the 3G network and then reselects to reside in the 2G network. For the signal quality, that of the 2G network is very good (use the 2G mobile phone to view the RSSI signal on the call drop site).
 Study of typical cases:
 Ø Call drop due to missing configuration of the intro-frequency adjacent cell
 Figure 8-11 UE measurement value----call drop due to missing configuration of the adjacent cell
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 As shown in Figure 8-11, from the Ec/lo coverage information of the active set measured by UE, it can be viewed that the Ec/lo quality of mobile phone active set near to the call drop location is very poor and remains lower than -15dB, with 209 as the cell scramble.
 Figure 8-12 Scanner measurement value----call drop due to missing configuration of the adjacent cell
 However, from Figure 8-12, in the place where the UE measurement value is very bad, that of Scanner is very good, with 128 as the cell scramble.
 Because there are multiple sites between cells 128 and 209, it is not considered that in the earlier adjacent cell planning. But the coverage of cell 128 is far due to the landform and site height, and forms a strong coverage around the call drop location. This problem can be solved after cells 128 and 209 are configured as the adjacent cells to each other.
 II. Call Drop due to Poor Coverage
 Usually, for voice, when CPICH Ec/lo is more than -14dB and RSCP more than -100dBm (with the Scanner measurement value), the call drop is impossible to happen due to the poor coverage. The so called poor coverage refers to the poor RSCP.
 Whether it is the poor uplink coverage or the poor downlink coverage that causes the call drop can be determined through the dedicated channel power of uplink or downlink before the call drop. It can be determined with the following methods:
 If the uplink transmitting power reaches the maximum value, and the uplink BLER is very poor before the call drop or the RL failure reported by NodeB can be viewed
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 from the user tracing recorded by RNC, it can be regarded that the uplink coverage causes the call drop. If the downlink transmitting power reaches the maximum value and the downlink BLER is very poor before the call drop, it can be determined that the poor downlink coverage leads to the call drop. In case of the reasonable link balancing, without any up/downlink interference, the uplink and downlink transmitting power will be restricted at the same time. Now, there is not any strict requirement for differentiating which side is restricted. If the uplink and downlink are unbalanced heavily, it can be determined that the restricted direction has the interference.
 The method for locating the coverage problem is to view the data collected by Scanner. If the RSCP and Ec/lo of the best cell is very low, the coverage problem can be located.
 The poor coverage can be directly caused by the absent site, wrongly connecting sectors, the site shutting down due to the power amplifier fault. In some indoor place, the strong penetration loss can cause the poor coverage. The wrongly connected sectors or the site closing are easy to happen during the optimization, with the symptom that the coverage on the call drop site of other cells becomes poor. Note to differentiate then.
 III. Call Drop due to Handover
 The reasons for call drop due to soft handover or intra-frequency hard handover can be classified into two kinds, non-timely handover or pingpong handover.
 From the signaling flow, the symptom is that the mobile phone cannot receive the command for updating the active set in the CS service (physical channel reassignment upon inter-frequency hard handover), while that of the PS service is the command for updating the active set is not received or the TRB reset happens prior to the handover.
 From the signal, the main phenomena for non-timely handover are:
 1) Corner effect: Ec/lo of the source cell plummets, while that of the target cell escalates (rising to the very large value suddenly)
 2) Needlepoint effect: Ec/lo of the source cell rises after plummeting for a period, and the target cell escalates for a short period of time.
 From the signaling flow, before the call drop the mobile phone usually reports the 1a or 1c measurement report of the adjacent cell, and RNC receives the measurement report and delivers the message for updating the active set, but UE cannot receive the message.
 The pingpong handover has the following phenomena:
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 1) Quick change of the dominant cell: two or more cells become the dominant cell alternatively, and the dominant cell has the good RSCP and Ec/lo, but the time for each cell being the dominant cell is very short.
 2) No dominant cell: there are multiple cells existing, but the RSCP and Ec/Io are poor and there is almost no variance between them.
 From the signaling flow, after a cell is deleted, it will request to access again at once. Now, the command for updating the active set issued by RNC cannot be received, which will lead to the failure.
 The call drop due to non-timely handover can be solved by adjusting the antennas to enlarge the handover area, or configuring the handover parameters of the 1a event to make the handover easier to happen, or configuring CIO to make the target cell to perform the handover in advance. While the call drop due to the pingpong handover can be solved by adjusting the antenna to make the coverage area form the dominant cell, or configuring the handover parameters of the 1b event to prevent the pingpong handover from happening.
 For the inter-frequency or inter-system handover, the compressed mode should be started for the handover to perform the inter-frequency or inter-system measurement. If the compressed mode is started too late, the mobile phone will have no time to measure the signal in the target cell, so the call drop happens, or the mobile phone finishes the measurement, but it cannot receive the inter-frequency or inter-system handover request, leading to the call drop.
 Study of typical cases:
 Ø Corner effect
 Figure 8-13 Characteristics of corner effect
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 The symptom of the corner effect is that the signal of the original cell plummets, but that of the target cell escalates, both of which cause the call drop because the mobile phone cannot receive the active set updating. In normal cases, the change of Ec/lo is as shown in Figure 8-13.
 Figure 8-14 UE measurement active set Ec/lo distribution-corner effect
 Figure 8-15 RNC signaling tracing-corner effect
 From Figure 8-14, the Ec/lo of scrambles 104 and 168 in the active set plummets from -10dB to -17dB, while the signal of scramble 208 in the monitored set is very normal (-8dB). In Figure 8-15, the UE has reported the 1a event in the measurement report, ask for adding cell 208 to the active set, and RNC has delivered the message of updating the active set, but the SRB reset happens because the message cannot be received for the poor signal quality in the dominant cell, so the call drop happens.
 Ø Needlepoint effect
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 Figure 8-16 Characteristics of needlepoint effect
 The symptom of the needlepoint effect is that the signal of the original cell plummets and escalates with the action of the strong signal in the target cell for a short period. In general, the change of Ec/lo is shown in Figure 8-16.
 The needlepoint effect is classified into the following categories:
 l If the needlepoint lasts very short time and the handover condition cannot be satisfied, the call drop will not happen, but the service quality will be worsened, such as the too high BLER generated on the downlink.
 l If the needlepoint lasts short time and the handover condition is strict, it will happen before the handover that the signaling or service RB is reset because of the poor downlink signal, which may lead to the call drop finally.
 l If the target cell triggers the handover, the reason may be that the mobile phone cannot receive the active set updating because of the too poor signal in the original cell, which causes the call drop.
 l If the target cell completes the handover and becomes an cell in the active set, it will perform another handover to exit the active set because the needlepoint disappears soon, which can cause the call drop.
 Compared with the corner effect, the needlepoint effect has two handover risks, any of which can cause the call drop if it fails. Because the needlepoint last for a short period, by making a sacrifice to the service quality (such as setting a larger re-transmission attempts to prevent the signaling and service from being reset) the call drop can be avoided when the mobile phone has no time to report the measurement report. However, the corner effect can definitely cause the call drop because the signal in the original cell cannot recover after it happens.
 Ø Solution to corner and needlepoint effect
 1) Configuring the 1a event parameter for the cell, to enable the handover to be triggered easier. For example, the trigger time can be decreased to 200ms,
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 reduce the hysteresis. In general, the parameter should be configured focusing on the cell, because the modification will make the handover between this cell and other cells happen more easily, and thereby cause too many pingpong handovers.
 2) Configuring the CIO between the two cells where the corner effect happens to facilitate the target cell’s join. The CIO has a small influence, only affecting the handover between these two cells and it also influences the handover area, so the configuration may lead to the handover rate increasing.
 3) Adjusting the antenna to make the antenna coverage of the target cell over the corner, enabling that the handover happens before the corner; or make that of the original cell over the corner to avoid the quick signal change caused by the corner, so as to reduce the call drop. During the actual implementation, the adjustment to the antenna engineering parameter and the judgment to whether to cover the corner depend on the experience, so this method is difficult to use.
 IV. Call Drop due to Interference
 The uplink or downlink interference can cause the call drop. In general, for the downlink, if the call drop happens but at the same time CPICH RSCP of the active set is more than -85dBm and the integrated Ec/lo of the active set is less than -13dB. It can be determined that the cause is the downlink interference (when the handover cannot proceed in time, the phenomena may appear that the RSCP signal in the served cell is good, but Ec/lo is very poor; however, both RSCP and Ec/lo in the monitored cell are good). When the uplink RTWP is 10dB higher than the normal value, that is, -107--105dB, and the interference period is more than 2 to 3 seconds, the call drop may happen. This problem should be focused.
 The downlink interference usually is the pilot pollution, indicating that there are more than three cells satisfy the handover condition in the coverage area, the active set alters or the optimal cell changes due to the signal fluctuation. Usually, when the integrative quality of the active set is not good (CPICH Ec/lo fluctuates at -10dB), the SRB reset or the TRB reset is easy to occur due to the handover failure. The usual method is to analyze which cell is possible to become the dominant cell first, and then enhance the cell coverage by adjusting the azimuth angle and tilt angle.
 The uplink interference leads to the uplink transmitting power increasing of the connected mobile phone, so the too high BLER causes the SRB or TRB reset or the call drop happens due to out-of-synchronization. In addition, during the handover, the newly established link cannot be synchronous due to the uplink interference, so the handover success rate of this cell is very low, or the call drop happens due to the failed handover.
 Usually, the uplink and downlink are balanced without any interference, that is to say, the transmitting powers of both uplink and downlink are near to the maximum values
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 before the call happens. However, if the downlink interference exists, the uplink transmitting power will be very small or BLER is converged; but downlink transmitting power reaches the maximum value and the downlink BLER will not be converged. For the uplink interference, the same phenomenon will happen. In the actual analysis, they can be distinguished with this method.
 Study of typical cases:
 Ø Call drop due to uplink interference
 Figure 8-17 RNC signaling-uplink interference
 Figure 8-18 UE signaling-uplink interference
 From the RNC signaling in Figure 8-17, the call drop happens because RNC delivers CC Connect, but does not view the CC Connect Acknowledge message returned by the mobile phone.
 From the UE signaling in Figure 8-18, the mobile phone receives the CC connect message delivered by RNC, and sends the CC connected Acknowledge message back, but RNC does not get it.
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 Further analysis to signals before and after the call drop:
 Figure 8-19 Information recorded on UE-uplink interference
 On the mobile phone side as shown in Figure 8-19, both downlink CPICH Ec and Ec/lo are normal, but the uplink transmitting almost reaches the maximum value, so maybe a fault occurs in the uplink.
 Measure RTWP of this cell, the fluctuation is obvious as shown in Figure 8-20:
 89767的RTWP
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 Figure 8-20 RTWP measurement of served cell-uplink interference
 Then, the cause is the external interference through data analysis, and it becomes normal after the interference is removed.

Page 47
                        

WCDMA Radio Network Optimization Guide Chapter 8
 Category of Optimization Problems and Case Analysis
 Huawei Technologies Proprietary
 8-29
 V. Call Drop due to Equipment Abnormity
 After all the above reasons are excluded, the reason for other call drop may be the equipment problem, which can be analyzed by viewing the equipment log and alarm.
 For example, the abnormal NodeB leads to the synchronization failure, enabling the transmit link to be added and deleted continuously.
 For example, the call drop happens because the mobile phone does not report the 1a measurement report.
 Study of typical cases:
 Ø Call drop due to abnormal mobile phone
 In a cell, use MOTA835 test mobile phone to make a call to the MOTOA835 commercial mobile phone to test the VP service (the commercial mobile phone is in the core equipment room, while the test mobile phone is used in the drive test), but fails after making many access attempts. The pilot power of the cell is normal, using it to call the non-MOTOA835 commercial mobile phone, the voice service is normal. So it can be determined that the cell is normal and the mobile phone may fail. Restart the calling and called mobile phone, they can access normally.
 The reason is the terminal mobile phone is abnormal because the RB has been established, and then CN delivers the message to disconnect the link, with the cause value as 27 (see Figure 8-21 and Figure 8-22.), indicating UE Failure. Therefore, the conclusion can be drawn that the original phone is normal while the terminal phone is abnormal.
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 Figure 8-21 Uu interface signaling recorded by UE-call drop due to abnormal mobile phone
 Figure 8-22 Uu interface signaling recorded by RNC-call drop due to abnormal mobile phone
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 8.2.4 Parameter Configuration Related to Call Drop
 I. Cell Individual Offset (CIO)
 This value plus the actual measurement value is used for evaluating UE events. UE takes the original measured value of the cell plus the offset as the measurement result for judging the UE intra-frequency handover, acting as the mobile cell boundary in the handover algorithm.
 The larger the parameter, the easier the soft handover and the more the UE in the soft handover state, but the more resource occupied; the smaller the setting, the harder the soft handover, which may directly affect the receiving quality.
 For the needlepoint or corner effect, an excellent solution method is to set CIO to about 5dB, but the minus effect will also be brought according such as increased handover rate.
 II. Delayed Trigger Time Related to Soft Handover
 The delayed trigger time means that the trigger time of 1A, 1B, 1C and 1D event are postponed. But the configuration of the trigger time affects the handover in time. In general, the default parameter configuration can satisfy most environment requirements, but for a dense urban area, the methods of making it easy to join in the active set, but difficult to be deleted from it need to be used to avoid the call drop due to the pingpong handover or no-time handover. For example, in a project, if the trigger time of both 1A and 1C is set to 200ms, but that of 1B to 2560ms. In this way, the pingpong handover can be avoided by configuration a short trigger time for 1A but a long one to 1B.In the ordinary urban area, it is recommended to set all of them to 640ms by default.
 The configuration of the trigger time has the great influence to the handover area rate. Especially the adjustment to the trigger time of the 1B event can control the rate efficiently.
 The handover parameter can be set focusing on the cell. After a set of basic parameters are configured according to the environment, they should be adjusted according to each cell to restrict the influence caused by the parameter modification among several cells and reduce the influence to the system.
 III. Intra-frequency Measurement FilterCoef
 The L3 filtering should filter the random impact capability to enable that the filtered measurement value can reflect the basic change trend of the actual measurement. Because the measurement value input the L3 filter has passed the L1 filter that has
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 almost removed the fast fading influence, L3 should smoothly filter the shadow fading and few fading burrs to provide the better measurement data for the event judgment.
 The recommended FilterCoef is within {0,1,2,3,4,5,6}. The larger the filter coefficient, the stronger the smoothing capability to burrs, but the weaker the tracing capability to signals, so the two items must be balanced. The intra-frequency FilterCoef is set to 5 by default, and it can be adjusted accordingly. For different cell coverage type, the typical value can be set as follows:
 a. If the handover signal changes slowly, the intra-frequency FilterCoef can be set to 7.
 b. If the handover signal changes normally, the intra-frequency FilterCoef can be set to 6.
 c. If the handover signal changes quickly, the intra-frequency FilterCoef can be set to 3.
 IV. Threshold for Starting/Stopping Compressed Mode
 The compressed mode is usually started prior to the inter-frequency or inter-system handover, and it can be used to measure the quality of the inter-frequency or inter-system cell. The start of the compressed mode can be triggered by CPICH RSCP or Ec/lo fulfilling the condition. In the actual application, RSCP usually acts as the trigger condition. As mentioned above, the compressed mode can be started focusing on the inter-frequency or inter-system measurement, so the start/stop threshold of the compressed mode include the start/stop threshold for inter-frequency measurement and start threshold for the inter-system measurement. Although the parameters are different, the theory is the same.
 In most cases, the compressed mode needs to measure the quality of the target cell (inter-frequency or inter-system) and obtain the related information. At the same time, because the signal quality of current cell is worse because of the UE movement, the start threshold of the compressed mode needs to satisfy the requirement. That is, to measure the signal of the target cell and report the handover before the quality of the current cell is worse to cause the call drop. While the stop threshold should meet the requirement, to avoid frequent starting and stopping the compressed mode.
 In general, the start threshold is set to -95dBm and the stop threshold to -90dBm, which can be adjust separately in special conditions.
 V. Trigger Time of Inter-system Handover (Confirming the Delayed Trigger Time)
 After the compressed mode is started, the UE will regularly measure and report the measurement result to the signals in the inter-system cell, when is the interval for
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 reporting the inter-system measurement. After receiving the measurement data, the RNC will judge it. When it finds the measurement value of the inter-system cell is higher than the sum of the judgment threshold of the inter-system handover plus the half of hysteresis, it will start an inter-system handover to delay the timer triggering. The handover between the systems can be initiated only when the measurement value always meets the condition within the delayed trigger time.
 At present, the parameter is set to 0s by default. Once it is confirmed, the handover will proceed.
 VI. RLMaxDLPwr
 Configuring a larger transmitting power of a special link can overcome the call drop sited caused by the coverage, but it brings the interference. Because the power allowed to a single user is large, the large power will be consume when a user is at the edge, causing the influence to other user and reducing the downlink capacity of the system. In general, the configuration of the downlink transmitting power is provided by the link budget, and the power may increase or decrease by 1 to 2dB. In general, it is difficult to find the influence to the call drop in a single drive test, but it can be viewed from the statistics indicators. The high call drop rate in some cells due to the coverage can be solved by increasing the maximum transmitting power of the dedicated channel; while the high access failure rate due to too high loading in some cells can be solved by decreasing the parameter value.
 VII. Maximum Retransmission Times of Signaling and Service
 With the high block error rate, the signaling reset will happen when the re-transmission times reach the maximum value, and one reset will cause the call drop; the service with the AM mode will be retransmitted. The signaling reset happens when the re-transmission times reach the maximum value. When it reaches the allowed maximum reset times set in the system, the system will release the service, which can also cause the call drop.
 The default configuration in the system can ensure that the burst error block cannot cause the call drop, but in the place with the poor coverage, it can be reset in time and cause the call drop. In this way, the resource occupied by the service is released. For some places with much burst interference or with obvious needlepoint effects, the 100% error block may be caused during the burst interference period. Now, if too much call drop is not expected, the re-transmissions can increase against the burst interference.
 This parameter configuration focuses on the RNC.
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 VIII. Inter-frequency Cell Hard Handover Threshold Represented by RSCP
 After the inter-frequency measurement is started, the mobile phone begins to measure the inter-frequency cell. When the quality of the cell is higher than this threshold, RNC will initiate the inter-frequency handover.
 This parameter is configured by combing with the start/stop threshold of the compressed mode. If it is set to a small value, the hard handover can be trigger in advance. If it is set to a large value, the trigger to the hard handover can be delayed to control the handover area or lower the call drop rate.
 IX. GsmRSSICSThd and GsmRSSIPSThd
 The inter-system handover threshold can be set separately for the CS service and PS service, with the setting method same as that of the inter-frequency hard handover threshold.
 X. Timers and Counters Related to Call Drop [1]
 Table 8-1 Timers and counters related to call drop on Uu interface
 Parameter ID Parameter name Parameter Description
 T302 Timer302
 The value range is: D100, D200, D400, D600, D800, D1000, D1200, D1400, D1600, D1800, D2000, D3000, D4000, D6000 and D8000
 The physical range is: 100, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000, 3000, 4000, 6000 and 8000
 Physical unit: ms
 Contents: Timer302 is started when UE sends the CELL UPDATE/URA UPDATE message, and is stopped when receiving the CELL UPDATE CONFIRM/URA UPDATE CONFIRM message. Once it times out, if V302 is less than or equal to N302, CELL UPDATE/URA UPDATE will be retransmitted, otherwise it will enter the idle mode. The default value is 4000.
 Suggested value: D2000.
 N302 Constant302
 Value range: 0 ~ 7
 Physical unit: None
 Contents: it represents the maximum times for re-transmitting the CELL UPDATE/URA UPDATE message. The default value is 3.
 Suggested value: 3.

Page 53
                        

WCDMA Radio Network Optimization Guide Chapter 8
 Category of Optimization Problems and Case Analysis
 Huawei Technologies Proprietary
 8-35
 Parameter ID Parameter name Parameter Description
 T312 Timer312
 Value range: 1 ~ 15
 Physical unit: s
 Contents: Timer 312 is started when UE begins to establish the private channel, and it is stopped when UE checks from L1 to N312 continuously. Once the time out happens, it means that the physical channel fails to establish. The default value is 1.
 Suggested value: 1.
 N312 Constant312
 The value range is: D1, D2, D4, D10, D20, D50, D100, D200, D400, D600, D800, D1000)
 The physical range is: 1, 2, 4, 10, 20, 50, 100, 200, 400, 600, 800, 1000
 Physical unit: None
 Contents: it represents the maximum times of the continuous synchronization indicator received from L1. The default value is 1.
 Suggested value: D1.
 T313 Timer313
 Value range: 0 ~ 15
 Physical unit: s
 Contents: Timer313 is started when UE checks from L1 to N313 continuously. It is stopped when UE checks from L1 to N315 synchronization indicators continuously. Once the time out happens, the radio link fails. The default value is 3.
 Suggested value: 3.
 N313 Constant313
 The value range is: D1, D2, D4, D10, D20, D50, D100, D200
 The physical range: 1, 2, 4, 10, 20, 50, 100, 200
 Physical unit: None
 Contents: This parameter represents the maximum times of receiving the continuous out-of-synchronization indicator from L1. The default value is 20.
 Suggested value: D50.
 T314 Timer314
 The value range is: D0, D2, D4, D6, D8, D12, D16, D20
 The physical range: 0, 2, 4, 6, 8, 12, 16 and 20
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 Parameter ID Parameter name Parameter Description
 Physical unit: s
 Contents: Timer314 is started when the radio link failure rule is observed and only the radio bearing related to Timer314 exists. The timer is stopped when the cell updating is completed. The default value is 12.
 T314 (or T315) is started and the CELL UPDATE signaling is sent when the radio link failure happens to the users in the CELL_DCH. Before T314 (or T315) corresponding to the service times out, if the re-configuration of the radio link configured by CELL UPDATE CONFIRM fails, the CELL UPDATE signaling can be re-transmitted to re-configure the radio link, (related to T302 and N302). In this way, the radio link can be configured again. For this purpose, T314>T302×N302.After T314 times out, the RB of the service corresponding to this timer will be deleted.
 The suggested value: D20.
 T315 Timer315
 The value range is: D0, D10, D30, D60, D180, D600, D1200, D1800
 The physical range: 0, 10, 30, 60, 180, 600, 1200 and 1800
 Physical unit: s
 Contents: Timer315 is started when the radio link failure rule is observed and only the radio bearing related to Timer315 exists. The timer is stopped when the cell updating is completed. The default value is 180.
 T315 (or T314) is started and the CELL UPDATE signaling is sent when the radio link failure happens to the users in the CELL_DCH. Before T315 (or T314) corresponding to the service times out, if the re-configuration of the radio link configured by CELL UPDATE CONFIRM fails, the CELL UPDATE signaling can be re-transmitted to re-configure the radio link, (related to T302 and N302). In this way, the radio link can be configured again. For this purpose, T314>T302×N302.After T315 times out, the RB of the service corresponding to this timer will be deleted.
 Suggested value: D30.
 N315 Constant315 The value range is: D1, D2, D4, D10, D20,
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 Parameter ID Parameter name Parameter Description D50, D100, D200, D400, D600, D800, D1000
 The physical range is: 1, 2, 4, 10, 20, 50, 100, 200, 400, 600, 800, 1000
 Physical unit: s
 Contents: it represents the maximum times of the continuous synchronization indicator received from L1 during Timer313 startup. The default value is 1.
 Suggested value: D1.
 8.3 Access Optimization
 8.3.1 Classified Definitions of Access Failure
 The data analyzed tool Assistant defines access failure as the rule that any situation where one of the following conditions is met after the original UE issues the RRC Connection Request:
 1) UE receives the RRC Connection Reject message; 2) After having received the RRC Connection setup message, UE receives
 or sends the RRC Connection Release message; 3) During the Call setup process, UE receives the BCCH message; 4) Timer times out, that is, within 3 seconds (T300) after UE has sent the
 RRC Connection Request message, UE fails to receive the RRC Connection Setup message.
 The data analyzing tool TEMS defines access failure as per the following rule (for voice service):
 1) Random access failure: After dialing, the RRC Connection Request message is not sent;
 2) The RRC Connection Setup message is not received: After having sent the RRC Connection Request message, UE fails to receive the RRC Connection Setup message.
 3) The RRC Connection Complete message fails to be sent: After having the RRC Connection Setup message, UE fails to send the RRC Connection Complete message.
 4) UE receives the RRC Connection Reject message: UE receives the RRC Connection Reject message and fails to re-send the RRC Connection Request message as a try.
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 5) UE fails to receive the measurement control message: After having sent the RRC Connection Complete message, UE fails to receive the measurement control message.
 6) Failure to send CM Service Request: After having received the measurement control message, UE fails to send the CM Service Request message.
 7) UE receives the Service Request Reject message: UE receives the Service Request Reject message.
 8) UE fails to receive the Call Proceeding message: After having sent the CC SETUP message, UE fails to receive the Call Proceeding message.
 9) UE fails to receive the RB Setup message: After having received the Call Proceeding message, UE fails to receive the RB Setup message.
 10) UE fails to send the RB Setup Complete message: After having received the RB Setup message, UE fails to send the RB Setup Complete message.
 11) UE fails to receive the Alert or Connect message: After having sent the RB Setup Complete message, UE fails to receive the Alert or Connect message.
 12) UE fails to send the Connect Acknowledge message: After having received the Alert or Connect message, UE fails to send the Connect Acknowledge message.
 To sum up, any of the signaling failures before conversation will cause access failure.
 8.3.2 RRC Connection Setup Failure Analysis
 The RRC connection setup failure can be detected by the UE signaling process and RNC single-user trace. RRC connection is established via the following steps: UE sends the RRC Connection Request message via RACH, RNC sends the RRC Connection Setup message via FACH, then UE establishes the downlink dedicated channel, synchronizes it, and now sends the RRC Connection Setup CMP message via the uplink dedicated channel.
 Reasons for RRC connection failures include: Errors or faults in uplink RACH, downlink FACH power distribution, cell parameter reselection, low downlink initial transmitting power, uplink initial power control, congestion, abnormal equipment, etc, especially those of uplink RACH, downlink FACH power distribution, cell parameter reselection, and abnormal equipment.
 l The RRC Connection Request message sent by UE is not received by RNC. If Ec/Io of the downlink CPICH is not too low (say, about -12dB), then normally RACH fails due to incorrect power control estimation for the uplink open loop, or insufficient power escalation of Preamble, or lower-than-required output power of UE.
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 l RNC, after having received the RRC connection request sent by UE, sends the RRC connection Setup message but UE fails to receive it. Now check the CPICH Ec/Io. If it is blow -12dB and there is no better cell in the monitored set, then it must be failure of coverage, in which case, increase the FACH power. If there is a better cell in the monitored set, it might be caused by cell reselection, in which case, adjust the cell reselection parameters to speed up the reselection.
 l After having received the RRC Connection Setup message, UE fails to send the Setup Complete message. If the downlink signal quality is normal, then it might be caused by the abnormal mobile phone, or the initial power of the downlink dedicated channel is too low to enable synchronization.
 l UE has sent the RRC Setup Complete message but RNC fails to receive it. Since the uplink initial power control will make the UE transmitting power escalate, such failure is rare. If it does happen, increase as appropriate the Constant Value of the dedicated channel.
 8.3.3 Paging Failure Analysis
 Paging failure occurs if the terminal call receives the direct transfer message of Disconnect sent from CN, as shown in Figure 8-23.Judged from the UE signaling process, no abnormality can be found in the called party, although there have been times that UE fails to send the RRC connection setup request after having received the Page message. From the RNC single-user tracing of the called party, it can be found that the terminal call has received the Page message sent by CN but no further message from then on.
 Figure 8-23 Signaling process of the calling UE
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 Causes for paging failure mainly include: Failure of RNC to issue the Page message, lower-than-required power of the paging channel or the paging indication channel, occurrence of cell reselection on UE, etc.
 8.3.4 Access-related Parameter Configuration
 I. FACH Transmitting Power
 This parameter sets the FACH transmitting power. If it is too low, the UE at the cell edge will not be able to correctly receive the service and signaling carried by FACH and thus affect downlink common channel coverage, which will eventually affect the cell coverage. If it is too high, FACH will interfere with other channels and occupy the downlink transmitting power, which will affect the cell capacity. In Huawei baseline, the FACH power offset is 1dB, is set on the basis of the cell edge CPICH with Ec/Io at -12dB. If the field coverage is even poorer, the FACH power should be increased in light of the Ec/Io value of the cell edge CPICH.
 II. PCH Transmitting Power
 This parameter sets the PCH transmitting power. If it is too low, the cell edge UE will not be able to correctly receive the paging message and the paging delay will be increased, and thus bring down the paging success rate, which will eventually affect the access success rate. If it is too high, power will be wasted and downlink interference will also be increased.
 III. PICH Transmitting Power
 This parameter sets the PICH transmitting power. If it is too low, the cell edge UE will not be able to correctly receive the paging indication message, the paging delay will be increased and error might occur in reading PCH, which will waste UE battery power, affect the downlink common channel coverage and eventually affect the cell coverage. Since PICH transmission is continuous, if the transmitting power is too high, PICH will interfere with other channels, occupy the downlink transmitting power and affect the cell capacity. Therefore, it is recommended not to increase the PICH transmitting power. To increase the PICH coverage, you may reduce NP to 18, since that value is enough for the initial stage of the network and it is actually the typical configuration in practice, although NP reduction will reduce the paging capacity of the Uu interface.
 IV. Cell Reselection Parameter—Qhyst2s
 According to Rule R, the measurement of the current service cell, added with Qhyst2s, participate in the cell reselection sequencing. Value of the parameter
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 depends on the slow fading of the area where the cell is located. This parameter functions to prevent the pingpong handover, caused by slow fading, of the cell reselection results when the UE is at the cell edge. The pingpong handover may cause frequent location updating (in the idle mode), URA updating (URA_PCH) or cell updating (CELL_FACH, CELL_PCH) which will add to the network signaling load and UE battery consumption.
 V. Cell Reselection Parameter—Treselections
 If the signal quality (the CPICH Ec/No value measured by UE) of other cells is constantly better than that of the current cell within the period designated by this parameter, UE will reselect the current cell as the resident cell. The parameter uses this function to prevent UE to perform the pingpong handover between cells.
 VI. Cell Reselection Parameter—Sintrasearch
 This parameter is the threshold for initiating the intra-frequency measurement. When the local cell Ec/Io value is lower than QRelxmin+2*Sintrasearch, the intra-frequency measurement will be initiated. This parameter will affect the cell reselection speed and eventually the one-whack UE access rate and IU port paging success rate. With relatively smaller influence ensured on the UE power consumption, it is recommended to set the parameter as high as possible.
 VII. Cell Reselection Parameter—Qoffset2
 Values of the signal quality of the adjacent cells have to have Qoffset2 deducted before participating in the Rule R appraisal. For ordinary single-layer cell, the parameter can be set to 0 and the same effect can be achieved via Qhyst. Therefore, normally no adjustment is recommended.
 VIII. AICH Transmitting Power
 If set too low, the parameter will cause the cell edge UE to fail to correctly receive the capture instruction and thus affect the downlink common channel coverage. In Huawei baseline, the parameter is set to -6dB. Judged from the optimization result, the AICH transmitting power is sufficient for downlink coverage, and as AICH transmission is continuous, it will occupy relatively large downlink capacity if increased.
 IX. PRACH Related Parameter
 In light of the uplink PRACH failure, related parameters of the channel should be adjusted, which include the number of preamble re-transmission attempts, increments of preamble power escalation, preamble, Message and power variance, etc. The
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 above parameters are interdependent. In case of the PRACH failures, it is recommended to adjust the preamble re-transmission attempts from the current baseline value 8 to 20 to avoid PRACH failures.
 Typical case analysis
 Ø Repeated RRC Connection Request caused by cell reselection
 1) Description of the case
 Figure 8-24 Signaling at the UE side
 As shown in Figure 8-24, the interval between the two RRC Connection Requests by UE is about 1.2S.
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 Figure 8-25 Signal quality at the first RRC Connection Request by UE

Page 62
                        

WCDMA Radio Network Optimization Guide Chapter 8
 Category of Optimization Problems and Case Analysis
 Huawei Technologies Proprietary
 8-44
 Figure 8-26 Signal quality at the second RRC Connection Request by UE
 2) Analysis of the case
 As the baseline, Treselection is set at 1, Qhyst2 at 2dB, Qoffset2 at 0 dB and Sintrasearch at 5. Even if the signal of the target cell is better than that of the local cell, cell reselection cannot complete until 1 second later. Therefore, if the signal variance between the target cell and the local cell is same as the above describing, there will be little margin for optimizing the cell reselection parameters. If Treselection is set at 0, then the time needed for reselection will be 8*DRX, which far exceeds 1 second since the lowest possible DRX is 0.64 second. Still, if Treselection is set at 0, then the protocol requires Ec/Io of the target cell to be 3dB than that of the local cell, and the period for completing cell reselection calculated on the basis of multiple measurements will be 1.2~1.4 seconds.
 3) Solution to the case
 To shorten the period for cell reselection, we once set Qhyst2 to 0 and SintraSearch to 7 and found that, in walk tests, pingpong handover may occur and the period for cell reselection is not shortened. Therefore, it is recommended to maintain Qhyst2 at 2dB and set SintraSearch in such a manner as to cause UE to initiate the intra-frequency measurement as early as possible. With
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 relatively small UE power assumption ensured, it is recommended to set Sintrasearch to 7.
 8.4 WCDMA Network Uplink Interference and Optimization
 In the WCDMA network building, we find that there exists widespread uplink interference, slight or severe, in the WCDMA network. On the one hand, since the WCDMA network is basically built after the 2G network is well developed. Acquisition of the sites, equipment room space and roof space is difficult, which, together with consideration for saving the cost of network building, causes many carriers to build networks with the antenna feeder shared by 2G and 3G. In current practice of the WCDMA network building, because the project quality cannot be made good enough, the inter-modulation caused by antenna feeder connector, adapter and bearer when the antenna feeder is shared by 2G and 3G is constant. Such inter-modulation is generally categorized by us into internal interference; On the other hand, mobile communication is evolving from the second to third generation, new technologies mushrooms, and new mobile communication carriers are rapidly developing, which together causes the radio frequency resources to be more and more scarce and various potential sources of interference produced at an amazingly speed. The former dedicated radio system occupies the existing frequency resources, network configuration by different carriers is improper, transmitters are incorrectly configured, together with cell overlapping, environment and electromagnetic compatibility and intentional interference, these are all causes for radio frequency interference for the mobile communication network. All currently available mobile communication systems occupy radio frequencies of 2.5G and below. For such a band, mutual interference is inevitable. Therefore, there do exists the radio frequency interference in the mobile communication network. Such interference is categorized by us into the external interference. Internal or external, the interference will increase the noise level of the base station. Since WCDMA is a self-interference system, uplink interference will necessarily cause reduction in the uplink coverage. With severe uplink interference, the effective mobile phone signals are immersed and thus cannot be demodulated, which results in access failure or call drop. As the uplink interference affects the users of whole base stations, it is much more severe than downlink interference which affects just one or several users, and this is also the reason why we pay so much attention to uplink interference of the WCDMA system. As per 3GPP, all NodeBs are capable of testing RTWP, such RTWP measurement function of the NodeB is an extremely important device for us to detect interference.
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 8.4.1 Cause Analysis of the Uplink Main Diversity RTWP Variance
 Figure 8-27 Variance of the uplink main diversity RTWP
 As shown in Figure 8-27, the main diversity RTWP has obvious variance. By analysis, the causes may be:
 l Intensity of the interferences on the main diversity has much variance; l Some cells such as the indoor base stations use only one receiving channel; l NodeB has never performed the radio frequency channel calibrating.
 8.4.2 Cause Analysis of the RTWP Abnormality
 I. Uplink Inter-modulation Interference
 1) Causes for inter-modulation interference
 Inter-modulation generally is caused by multiple frequency signals. But when there is only one non-constant amplitude, new frequency components might also be produced. That is, in the non-linear system, a single amplitude modulation signal may also produce new frequency components, which is the cause for spectrum expansion and we deem it the inter-modulation product. In case of poor connection, even the CW signal may produce new frequency components, which is also deemed by us to be inter-modulation. Here we have expanded inter-modulation: If there emerge new frequency components in the system, inter-modulation occurs.
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 Inter-modulation is generally caused by different characteristics of different voltages of active devices. But actually even passive devices with a large power may also produce inter-modulation, which is called by us the passive inter-modulation. Passive inter-modulation: Inter-modulation caused when two or more signals are mixed in the non-linear passive devices (such as the duplexer, isolator, antenna or cable joint). Most of the inter-modulation we encounter is passive inter-modulation. How does it happen? Firstly, it can be caused by unstable connection between the base station and the antenna side. For example, too loose or too tight connector DIN and the screw problem can both causes inter-modulation; secondly, there exist impurity in the joints, as must be caused by improper construction; and thirdly, there exists impurity in the point of weld in the antenna connector, or impurity in the antenna feeder point, or there exists a rosin joint.
 2) Characteristics of inter-modulation interference l The fluctuation of RTWP is generally high, at about 10dB or even higher; l There exists a certain relationship between interference and traffic. With low
 traffic, there is a high probability of absence of interference; l Interference happens in a cluster and sustain for a period of time without abrupt
 changes, which is dramatically different from external interference; l RTWP fluctuation is not in cycles; l RTWP of the main diversity are not related. If they become related, there must
 be special reasons. For example, they are somehow combined;
 RTWP fluctuation with several of the above characteristics can be caused by inter-modulation. If it has the above all five characteristics, it can be nothing but inter-modulation.
 3) Solution to inter-modulation interference l Check the roof if there exists any metal article around the antenna or the
 antenna is too close to the antennas of other carriers; l Check the DCS bearer characteristics to find the 2G frequencies that combine
 with the 3G frequencies, and mark out the BCCH branch; l Disconnect the respective jumpers on the NDDL branch of the main diversity or
 diversity to be tested at the NodeB side, and connect them to YBT. Now check the frequencies received by YBT and record the frequencies and their amplitudes;
 l Utilize the frequencies received by YBT to perform analysis on inter-modulation possibility, then connect the jumpers back to NDDL. If BCCH is not on the branch in question, re-connect it to the branch in question;
 l Slightly strike on each of the connectors on the branch in question to observe RTWP. If it has high fluctuation, then the connector must be faulty and should be treated by engineers;
 l If, after the above test, still nothing wrong is found in the connector but the interference persists, then use YBT+ filter+ antenna to test the frequency
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 characteristics of the interference received by the WCDMA antenna. Now use YBT+ filter+ directional antenna to test the interference frequency spectrum in the air. If the directional antenna detects interference in the air, check the source of interference. If the interference comes from the metal structure in front of the antenna, then it is radiation-caused passive inter-modulation, which can be solved by the customer adjusting the antenna or the environment around it;
 l If inter-modulation interference is detected, normally the 2G frequency configuration shall be checked, as judged from the experience of locating the base station with inter-modulation interference. If the configuration of the 2G frequency that combines with the 3G frequency directly causes the latter to plummet into the WCDMA receiving band (for example, the 5xx and 8xx frequencies co-exist in the 2G configuration), then such configuration should be revised as much as possible.
 Typical case analysis
 Ø Multiple-frequency inter-modulation caused by load
 Figure 8-28 RTWP 24-hour measurement—inter-modulation caused by load
 The cell in this case is an indoor system, with combined output of 2G signals of two carriers. RTWP is abnormal in the cell. The field study finds that it is caused by loose load connection. A slight touch on the load will trigger violent RTWP fluctuation, which disappears after the load is replaced.
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 II. Uplink External Interference
 1) Classification of frequently seen external interference
 Frequent external interference includes: repeater self-excitation interference on the ambient sites, donor cell uplink interference caused by repeater self-excitation, donor cell uplink interference caused by improperly configured repeater gain, uplink interference caused by the close-distance radiation of the 2G repeater antenna on the 3G antenna, intermittent interference on the sites near the railway caused by passing trains, uplink interference caused by indoor air-conditioner remote control switch, uplink interference caused by the switch on/off of the indoor emergent light, etc.
 2) Characteristics of external interference l Judged from the time-related characteristics of the RTWP data, external
 interference does not last long. Normally it disappears within several to several dozen seconds and will not reappear until a long period later;
 l Normally, the interference is related to the main diversity; l Normally, the interference affects multiple cells; l Normally, the interference occurs when the interference source has a
 running status change. 3) Solution to the external interference l Collect basic data and perform detailed analysis prior to going to the site
 Such analysis includes: analyzing the long-term characteristics of the RTWP data collected in various periods, analyzing the short-term characteristics of the RTWP data collected in various periods, analyzing the long- and short-term characteristics of the RTWP data of the target cell to be located and its adjacent cells in a certain period, analyzing the environment of the target cell, finding the distribution information of the repeaters around the target cell, analyzing the relatedness of the main diversity of the target cell in light of the antenna configuration, predicting the interference source location on the basis of analyzing the RTWP data of the target cell and adjacent cells, the antenna direction and height.
 l Go to the site for interference source location
 Go to the roof and check the environment;
 Find the relative locations of the base stations and the actual environments;
 Test the frequency spectrum and direction of the interference;
 Lock the suspect equipment on the basis of the analysis result and the interference frequency spectrum characteristics;
 Select two test points of the suspect equipment and test their specific strength of the interference signal. Based on the change of the signal intensity, find the rough location of the interference source;
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 Go to the suspect location of interference, ascertain the location and the specific interference source (to ascertain the interference source, you may utilize the relationship between interference and the status changes of the equipment such as switch on/off, power on/off, etc).
 Typical case analysis
 Ø Uplink interference on the adjacent sites caused by the repeater self-excitation
 A trial found that, during several days, some sites had abnormal RTWP data simultaneously, as shown below:
 Figure 8-29 Abnormal RTWP data in site 2—interference caused by the repeater self-excitation
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 Figure 8-30 Abnormal RTWP data in site 3—interference caused by the repeater self-excitation
 Figure 8-31 Figure 34 Abnormal RTWP data in site 4—interference caused by the repeater self-excitation
 The interference occurs regularly. That is, it occurs once an hour and affects several sites. Check of the site distribution in the area around the interfered site finds that
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 there is a repeater in the center of the sites. By analysis and judgment, the repeater must produce a self-excitation signal once an hour, which will affect the uplink signal of the adjacent cells.
 After the repeater problem is solved, all RTWP data of the sites become normal.
 8.5 Inter-system Roaming Handover Optimization
 8.5.1 Common Inter-system Handover Strategies
 I. Handover Based on Coverage
 To ensure continuous coverage of the GSM/WCDMA users in areas where there is no 3G system coverage, the coverage-based handover or cell reselection is required for continuity of service.
 In special cases, there may be only 3G coverage in some areas. GSM also supports the same function to ensure the inter-system handover from GSM to 3G and cell reselection, and ensure continuity of service without GSM coverage.
 II. Handover Based on Load
 Load-based handover or cell reselection is applied for load sharing between GSM and WCDMA systems. The trigger for such a handover is the measured cell load of GSM or the WCDMA network.
 For example, no matter how much load the GSM network has, hand over the non-apparent CS data to the WCDMA network to ensure better throughput; when the GSM network has a load too heavy, now hand over part of the voice and apparent data to the WCDMA system. We should apply the load-based handover in the GSM network to relieve the high pressure of the GSM network while saving the carrier’s extra investment on the GSM network.
 In the packet domain, to realize the cell reselection by reason of service and load, the cell reselection should be controlled by the network. That is, the network can command the UE to change the cell or the system.
 The inter-system handover further enhances the load-based handover and cell reselection. The purpose is to utilize the two systems to the best. That is, when one of them has free capacity, the handover can avoid “excessive” investment on the other.
 Load equilibrium can also enlarge the system capacity. The total system capacity will be larger than the sum of the two.
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 III. Handover Based on Service
 Service-based handover is applied to guide the traffic of the GSM or WCDMA network. Even when there is no load in the source cell, the service-based handover can also proceed. During the load-based handover/cell reselection or call setup period, the service-based handover can be utilized. With this function, carriers can guide the voice service to GSM and all VP and packet data to WCDMA to reduce investment on the 3G circuit network and 2G packet switched network.
 The service priority information is stored in the core network (MSC/VLR or SGSN). During the call setup, utilize Iu_PS, Iu_CS or A and Gb interfaces to notify the wireless access part of the GSM and 3G network.
 Complete service handover is performed jointly by the access network and the core network, where the core network commands, via the service handover configuration of available cells in the RAB assignment message, the access network to hand over the service to the GSM network, or commands it to remain in the 3G network or issues no command at all. As the protocol, there can be the following three options:
 Handover to GSM should be performed. In this case, the service should be handed over to the GSM network;
 Handover to GSM should not be performed. In this case, the service should not be handed over the GSM network. But because of coverage and other reasons, the service can still be handed over to the GSM network; and
 Handover to GSM shall not be performed. In this case, the service simply cannot be handed over to the GSM network.
 If the core network performs the above-described inter-system service handover, then the core network will have more flexibility in controlling the inter-system handover. For the core network, it is optimal to hand over all services as appropriate to the GSM network so that the carrier can fully utilize the 2G equipment.
 8.5.2 Current Huawei Inter-system Roaming Handover Strategies
 To reduce influence on the existing GSM network, improve the handover success rate, avoid the pingpong handover and cell reselection, and lessen signaling exchange, the following inter-system handover strategies are recommended:
 l For the voice service, handover from WCDMA to GSM is supported while the reverse handover is not:
 For GSM carriers, the GSM coverage is already very good and it is thus unnecessary to handover a conversation in process in the GSM network to the WCDMA network. Therefore, the GSM network does not need upgrading, and the pingpong handover is
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 thus avoided and signaling exchange between the WCDMA and GSM networks reduced.
 When the dual-mode UE resides in the WCDMA network and in conversation, moving from the GSM/WCDMA converging area to purely GSM coverage area, and now reaches the border of the WCDMA network, the WCDMA network will initiate the handover from WCDMA to GSM according to the measurement report. The GSM network outside the border should support the inter-system handover from WCDMA to GSM.
 When the dual-mode UE resides in the GSM network and in conversation, moving from the purely GSM coverage area to the GSM/WCDMA converging area, the network should take measures to avoid handover from GSM to WCDMA. When the conversation is finished and UE is in idle, it can now reside in the WCDMA network via PLMN reselection or cell reselection.
 If only the unidirectional handover from WCDMA to GSM and the switch back to WCDMA via PLMN reselection or cell reselection are to be supported, then the GSM network does not need upgrading.
 l For data service, handover is supported from WCDMA to GSM/GPRS via cell reselection:
 When the dual-mode UE resides in the WCDMA network and in conversation, moving from the GPRS/WCDMA converging area to purely GPRS coverage area, and now reaches the border of the WCDMA network, the WCDMA network will launch at the network side the handover of the UE from WCDMA to GPRS.
 When the dual-mode UE resides in the GPRS network and in conversation, moving from the purely GPRS coverage area to the GPRS/WCDMA converging area, UE may launch the cell reselection inside the GPRS network to realize the data domain switch. In this case, the UE is not needed to be handover to the WCDMA network. Otherwise, the access network part of GSM needs upgrading.
 l When UE is in idle:
 When UE resides in the WCDMA network and reaches the border of the WCDMA coverage area, it can roam to the GSM network via PLMN reselection or cell reselection. If UE currently resides in the GSM network and moves to the WCDMA coverage area (while still within the GSM coverage area), it can reside back in the 3G network via cyclic PLMN reselection (if UE is to be switched from GSM to reside in WCDMA via cell reselection, then the GSM network needs upgrading). Operations are: when setting different PLMN-IDs to WCDMA and GSM, set in the USIM card the WCDMA network to be HPLMN, then the GSM network will be VPLMN. When the user powers on and selects PLMN, the WCDMA network will be selected and UE will reside in the WCDMA cell. After UE resides in the GSM network via handover/cell reselection or other reasons, UE will cyclically reselect HPLMN as now the GSM
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 network is VPLMN. The reselection cycle is set in the USIM card, which is from 6 minutes to 8 hours, with the default value at 1 hour.
 8.5.3 Applied Inter-system Roaming Handover Strategies
 I. Difficult to Perform Reselection and Handover
 In areas where the 3G coverage is better than that of 2G, the mobile phone should be kept in the 3G network as much as possible, which can be realized by configuring parameters as shown below:
 When the mobile phone is in idle and the 2G signal level is better than 3G Delta dB, reselect the 2G network. Delta dB depends on the value of Qoffset1sn. According to the Rule R of WCDMA, Qoffset1sn is the key parameter for adjustment and is suitable for both the network and configuration. You may increase the value of Qoffset1sn (the range is -50~50dB with the default value as 0), say, 50dB, and make it hard for the mobile phone to be reselected to 2G.
 When the mobile phone is in the Connect status, you may increase the value of CellIndividualOffset (the range is -50~50dB with the default value as 0), say, -50dB, to make it impossible for the mobile phone to switch to the 2G network.
 II. 2G Easy to Perform Reselection and Handover
 In some places the 2G coverage is better than 3G. For example, inside the building, 2G coverage has DAS, and 3G has no coverage. When the mobile phone moves from the 3G coverage area to that of the 2G and is in conversation, the handover to 2G should ensure no call drop. When the mobile phone is in idle and is to be reselected to 2G, the handover should ensure no disconnection from the network.
 When the mobile phone is in idle, Qoffset1sn can be set to 0.
 When the mobile phone is in the Connect status, you may increase the compression mode start and stop threshold, launch at an earlier time the compression mode to measure the 2G signal (say, -90/-85dBm) and set CellIndividualOffset to 0. The purpose is to increase the overlapping area of 3G and 2G, especially to ensure the mobile phone to switch to 2G when the 3G signal quality plummets from the outside to inside.
 Typical case analysis
 Ø Inter-system pingpong reselection
 1) Description of the case
 In some area inside a building of a commercial office, when the mobile phone is in idle, the UMTS-GSM dual-mode mobile phone will frequently switch between
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 the 3G and 2G networks. The monitors of the Siemens U15 and MotoA835 mobile phones frequently and alternatively display “3G” and “2G”, and the Qualcomm test mobile phone monitor frequently and alternatively display “WCP” and “GCP”. Reselection from 3G to 2G takes on average 1 minute, and from 2G to 3G 1-2 minutes, with the mobile phone location and the environment remain unchanged.
 2) Analysis of the case
 Reselection from 3G to 2G is as follows:
 l When the vale of the pilot signal quality Ec/Io of the 3G service cell minus Qqualmin is smaller than the inter-system measurement threshold SsearchRAT, measurement of the adjacent 2G cells launches;
 l When the signal quality of the adjacent 2G cell reaches the cell reselection criteria and keeps on for a period of time Treselection, UE will select to reside in the 2G cell;
 The value of the 3G RSCP at the 3G network edge is basically below -90dBm while the 2G signal quality is very good, mostly around -60~-70Bm. Therefore, once UE launches measurement of the signals in the adjacent 2G cell and there is no improvement in the local cell signal within Treselection, UE will reselect to reside in the 2G cell.
 Therefore, the key parameter in reselection from 3G to 2G is SsearchRAT, while proper configuration of the reselection delay parameter Treselection is also beneficial for solving the pingpong handover.
 Reselection from 2G to 3G is as follows:
 1) When the strength of the cell signal of a 2G service cell is right for the inter-system measurement threshold Qsearch_I, measurement of the adjacent 3G cell signals will launch; With a view to first selecting 3G, the current configuration of the parameter is 7 (permanently launch);
 2) When the intensity of the 3G cell signal minus the current value of RLAC (the average intensity of the 2G service cell and the non-service cell) is larger than FDD_Qoffset and it keeps on for 5 seconds, then the 3G cell is taken as a candidate cell for reselection; At present, FDD_Qoffset is set to 7 (always reselecting the 3G cell).
 3) When the signal quality Ec/Io of the 3G cell is larger than or equal to the threshold FDD_Qmin, then the 3G cell can be taken as a candidate cell for reselection.
 4) Among all 3G cells that meet the above criteria, UE selects the best one as the reselection target cell.
 Therefore, the key parameter for reselection from 2G to 3G is FDD_Qmin, with the default value as -12dB.
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 5) Solution to the case
 In practical network optimization, the following measures can be taken
 l Increase the interval between SsearchRAT and FDD_Qmin. By default, if the 3G CPICH Ec/Io is larger than -12dB, UE will reselect from 2G to 3G, and if CPICH Ec/Io<=-14db, UE will reselect from 3G to GSM. It can be thus concluded that the current parameter configuration decides that the frequency of cell reselections is basically determined by the 3G CPICH Ec/Io fluctuation. Once the fluctuation exceeds 1dB, pingpong handover occurs. Field tests in the 3G cell finds that when Ec/Io is below -14dB, disconnection from the network occurs easily. So, the value of SsearchRAT cannot be further decreased. We may increase FDD_Qmin to -8dB so that there will be a space of 6dB as compared to the threshold -14dB for triggering reselection from 3G to 2G and there will be far fewer chances of pingpong handoveres caused by signal fluctuation.
 l Increase Treselection from the default value 1s to 5s so that the frequency of cell reselection from 3G to 2G will be reduced.
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 Appendix A Acronyms and Abbreviations
 Abbreviation Full name
 3
 3GPP Third Generation Partnership Project
 A
 AICH Acquisition Indicator Channel
 AM Acknowledged Mode
 AMR Adaptive Multi Rate
 B
 BCCH Broadcast Control Channel
 BCH Broadcast Channel
 BLER Block Error Rate
 C
 CC Connectivity Check
 CM Compressed Mode
 CN Core Network
 CPICH Common Pilot Channel
 CQT Call Quality Test
 CS Circuit Switched
 CW Continuous Wave
 D
 DAS Distributed Access System
 DCS Digital Cellular System
 DPDCH Dedicated Physical Data Channel
 DRX Discontinuous Reception
 E
 EIRP Equivalent Isotropic Radio Power
 F
 FACH Forward Access Channel
 FDD Frequency Division Duplex
 G
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 Abbreviation Full name
 GPRS General Packet Radio Service
 GPS Global Positioning System
 GSM Global System for Mobile communications
 I
 ID Identity
 K
 KPI Key Performance Indicator
 L
 LA Location Area
 LMT Local Maintenance Terminal
 M
 MSC Mobile Service Switching Center
 N
 NDDL NodeB Dual Duplexer Low-Noise-Amplifier Module
 NodeB WCDMA Base Station
 NP Number of Paging indications per frame
 O
 OMC Operation and Maintenance Center
 P
 PCH Paging Channel
 PCPICH Primary Common Pilot Channel
 PDP Packet data protocol
 PICH Paging Indicator Channel
 PLMN Public Land Mobile Network
 PM Performance Management
 PRACH Physical Random Access Channel
 PS Packet Switched
 Q
 QA Quality Assurance
 R
 RA Routing Area
 RAB Radio Access Bearer
 RACH Random Access Channel
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 Abbreviation Full name
 RAN Radio Access Network
 RB Radio Bearer
 RF Radio Frequency
 RL Radio Link
 RLC Radio Link Control
 RNC Radio Network Controller
 RNO Radio Network Optimization
 RRC Radio Resource Control
 RRU Remote Radio Unit
 RSCP Received Signal Code Power
 RSSI Received Signal Strength Indicator
 RTWP Received Total Wide band Power
 S
 SGSN Serving GPRS Support Node
 SIR Signal-to-Interference Ratio
 SRB Signaling Radio Bearer
 T
 TDMA Time Division Multiple Access
 TEMS Ericsson field test software
 TX Transmitter/Transmit
 U
 UE User Equipment
 UL Uplink
 UMTS Universal Mobile Telecommunications System
 URA UTRAN Registration Area
 USIM Universal Subscriber Identity Module
 UTRAN Universal Terrestrial Radio Access Network
 V
 VIP Very Important Person
 VLR Visitor Location Register
 VP Video Phone
 W
 WCDMA Wideband Code Division Multiple Access
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