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 Frequency hopping is an old technique introduced firstly in military Frequency hopping is an old technique introduced firstly in military transmission systems to ensure the secrecy of the communications and transmission systems to ensure the secrecy of the communications and combat jamming. The philosophy is as simple as changing the combat jamming. The philosophy is as simple as changing the frequency used in transmission at regular intervals. It has been frequency used in transmission at regular intervals. It has been included in GSM specifications mainly in order to deal with included in GSM specifications mainly in order to deal with twotwo specific specific problems which affect transmission quality:problems which affect transmission quality:
 Multipath Fading:Multipath Fading: The immunity to fading increases by exploiting its frequency The immunity to fading increases by exploiting its frequency selectivity, because using different frequencies the probability of being selectivity, because using different frequencies the probability of being continuously affected by fading is reduced ,so the transmission link continuously affected by fading is reduced ,so the transmission link quality is improved. This characteristic is normally referred as quality is improved. This characteristic is normally referred as Frequency DiversityFrequency Diversity. This improvement is much more noticeable for . This improvement is much more noticeable for slow moving mobiles.slow moving mobiles.
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 Interference:Interference:
 The situation of permanent interference coming from neighbour cells The situation of permanent interference coming from neighbour cells transmitting the same or adjacent frequencies is avoided using Frequency transmitting the same or adjacent frequencies is avoided using Frequency Hopping because the calls will spend the time moving through different Hopping because the calls will spend the time moving through different frequencies not equally affected by interfering signals. This effect is called frequencies not equally affected by interfering signals. This effect is called Interference AveragingInterference Averaging..As used in GSM, the frequency is changed on a per burst basis, which As used in GSM, the frequency is changed on a per burst basis, which means that all the bits in a burst are transmitted in the same frequency means that all the bits in a burst are transmitted in the same frequency (known as slow frequency hopping).(known as slow frequency hopping).
 FREQUENCY HOPPING CONCEPTFREQUENCY HOPPING CONCEPTMobile radio carriers suffer from frequency-selective interferences, forMobile radio carriers suffer from frequency-selective interferences, forexample, fading due to the multipath propagation phenomena. As the example, fading due to the multipath propagation phenomena. As the carrier signal attenuates with distance, frequency-selective interference carrier signal attenuates with distance, frequency-selective interference can have an increasingly significant affect on the signal quality.can have an increasingly significant affect on the signal quality.Frequency hopping (FH) employs a constantly changing transmissionFrequency hopping (FH) employs a constantly changing transmissionfrequency on the radio carrier. Therefore the effects of frequency selectivefrequency on the radio carrier. Therefore the effects of frequency selectiveinterference will be reduced by producing an averaging effect over theinterference caused on each frequency employed within the FH sequence.This results in an overall improvement in S/N ratio. Increases C/I Value Through Frequency Diversity. For a non-hopping GSM link, the minimum requires C/I ratio is 11-12dB. Implementing FH can reduce this margin to approximately 9dB.
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 INTERFERENCE AVERAGINGINTERFERENCE AVERAGING
 The second effect of frequency hopping is referred as averaging the The second effect of frequency hopping is referred as averaging the interference experienced by the calls. Considering a non hopping system, interference experienced by the calls. Considering a non hopping system, the set of calls on the interferer cells which can interfere with the wanted the set of calls on the interferer cells which can interfere with the wanted call is fixed for the duration of those calls and some calls will be found with call is fixed for the duration of those calls and some calls will be found with very good quality (no interference problems) whereas some others with very good quality (no interference problems) whereas some others with very bad quality (permanent interference problems). With hopping, that set very bad quality (permanent interference problems). With hopping, that set of interfering calls will be continually changing and the effect is that calls of interfering calls will be continually changing and the effect is that calls tend to experience an average quality rather than extreme situations of tend to experience an average quality rather than extreme situations of either good or bad quality (all the calls will suffer from a controlled either good or bad quality (all the calls will suffer from a controlled interference but only for short and distant periods of time, not for all the interference but only for short and distant periods of time, not for all the duration of the call).duration of the call).This interference averaging means again spreading the raw bit errors (BER This interference averaging means again spreading the raw bit errors (BER caused by the interference) in order to have a random distribution of them caused by the interference) in order to have a random distribution of them instead of bursts of errors, and therefore enhance the effectiveness of instead of bursts of errors, and therefore enhance the effectiveness of decoding and deinterleaving processes to cope with the BER and lead to a decoding and deinterleaving processes to cope with the BER and lead to a better value of FER.better value of FER.
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 FREQUENCY HOPPING SEQUENCEFREQUENCY HOPPING SEQUENCE
 A TDMA frame has a duration of 4.617ms (8 timeslots of 0.577ms each).A TDMA frame has a duration of 4.617ms (8 timeslots of 0.577ms each). If the frequency changes with each TDMA frame, then it must changeIf the frequency changes with each TDMA frame, then it must change every 4.617ms or approximately 217 times per second. This is referredevery 4.617ms or approximately 217 times per second. This is referred to as slow FH as the rate of frequency change is slower than theto as slow FH as the rate of frequency change is slower than the symbol rate of the data transmitted on the carrier.symbol rate of the data transmitted on the carrier.
 The pattern of hopping used within GSM can be sequential orThe pattern of hopping used within GSM can be sequential or pseudorandom .The GSM network can assign either one sequentialpseudorandom .The GSM network can assign either one sequential cyclic hopping pattern or any one of 63 pseudo-random cyclic hoppingcyclic hopping pattern or any one of 63 pseudo-random cyclic hopping patterns. Each sequence is defined by a unique Hop Sequence Numberpatterns. Each sequence is defined by a unique Hop Sequence Number (HSN) in the range 0 – 63.The effect of changing frequencies with every(HSN) in the range 0 – 63.The effect of changing frequencies with every TDMA frame is that each consecutive timeslot of each channel isTDMA frame is that each consecutive timeslot of each channel is transmitted on a different frequency.transmitted on a different frequency.
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 The Carrier containing the BCCH must not frequency hop. This is toThe Carrier containing the BCCH must not frequency hop. This is to ensure that:ensure that:
 · Neighbouring cells (which may not be using frequency hopping) can· Neighbouring cells (which may not be using frequency hopping) cancontinue to monitor the cell’s BCCH for signal strength measurementscontinue to monitor the cell’s BCCH for signal strength measurementsprior to handover.prior to handover.
 · When entering a cell implementing FH, the BCCH of that cell can pass· When entering a cell implementing FH, the BCCH of that cell can passfrequency hopping information to the MS to initiate the sequencefrequency hopping information to the MS to initiate the sequence
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 The data stream is switched to eachvtransceiver in accordance with the assigned hopping sequence.
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 In this case, a single synthesises transceiver is used and the transmit frequency is switched using a tuning controller set to the assigned hopping sequence.
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 IMPLEMENTING FREQUENCY HOPPING AT THE MSIMPLEMENTING FREQUENCY HOPPING AT THE MS
 While Frequency Hopping (FH) is not mandatory for Base Stations (BSs), all MobileWhile Frequency Hopping (FH) is not mandatory for Base Stations (BSs), all Mobile Stations (MSs) must have this capability. This is to ensure that an MS continues toStations (MSs) must have this capability. This is to ensure that an MS continues to maintain contact if it is handed over to a BS currently implementing FH.maintain contact if it is handed over to a BS currently implementing FH.Frequency Hopping at the MSFrequency Hopping at the MS
 • • All mobiles must be capable of SFH in case it enters a cell in which it isAll mobiles must be capable of SFH in case it enters a cell in which it is implementedimplemented• • SFH is implemented to allow the MAS time to continue to take measurements fromSFH is implemented to allow the MAS time to continue to take measurements from adjacent cellsadjacent cells The mobile needs to know:The mobile needs to know:
 • • Frequencies used for hopping (Mobile Allocation)Frequencies used for hopping (Mobile Allocation)• • Hop Sequence Number (HSN)Hop Sequence Number (HSN)• • Start frequency (Mobile Allocation Index Offset - MAIO)Start frequency (Mobile Allocation Index Offset - MAIO)• • The MS uplink HSN is the same as the TRX downlink HSN but offset byThe MS uplink HSN is the same as the TRX downlink HSN but offset by 45MHz45MHz
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 Before entering a cell using FH, the MS musty be provided with the followingBefore entering a cell using FH, the MS musty be provided with the followinginformation:information:
 · · The Group of frequencies being used for hopping, known as the MobileThe Group of frequencies being used for hopping, known as the Mobile Allocation (MA)Allocation (MA)· The Hope Sequence Number (HSN), in the range 0-63.· The Hope Sequence Number (HSN), in the range 0-63.· The Frequency on which it must start hopping in the sequence, known as· The Frequency on which it must start hopping in the sequence, known as the Mobile Allocation Index Offset (MAIO).the Mobile Allocation Index Offset (MAIO).
 This information is passed to the MS with the handover messaging.This information is passed to the MS with the handover messaging.The uplink HSN from the MS is the same as the downlink HSN to the MSThe uplink HSN from the MS is the same as the downlink HSN to the MS but maintains the same 45Mhz offset used for normal GSM uplink/downlinkbut maintains the same 45Mhz offset used for normal GSM uplink/downlinkcarrier pairs.carrier pairs.
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 Frequency Hopping can be used to improve quality but also, advantages of FH allow to add more carriers while keeping the same level of quality so, there is a trade-off Quality vs. Capacity whit Frequency Hopping. The main idea is very simple: “For the same capacity FH improves the quality, and for a given average quality FH makes possible increase the capacity”.

Page 23
                        

2323
 From the infrastructure point of view, there are two ways of implementing From the infrastructure point of view, there are two ways of implementing Frequency Hopping in a Base Station System (BSS), one referred as Base Frequency Hopping in a Base Station System (BSS), one referred as Base Band FH and another as Synthesizer FH.Band FH and another as Synthesizer FH.
 Their operation philosophies only differ in the way they establish the Base Their operation philosophies only differ in the way they establish the Base to Mobile Station link (downlink) in the Base Station part (considered from to Mobile Station link (downlink) in the Base Station part (considered from the Mobile Station, there is no difference at all between both types of the Mobile Station, there is no difference at all between both types of frequency hopping) but it is worth to discuss the impacts in the frequency hopping) but it is worth to discuss the impacts in the operability.operability.
 BASE BAND FREQUENCY HOPPING (BBH)BASE BAND FREQUENCY HOPPING (BBH)
 Its main characteristic is that the transmitting units (DRCUs) are always Its main characteristic is that the transmitting units (DRCUs) are always transmitting a fixed frequency and frequency hopping is performed by transmitting a fixed frequency and frequency hopping is performed by moving the information for every call among the available DRCUs on a per moving the information for every call among the available DRCUs on a per burst basis. A call will start in a particular timeslot of one DRCU and will burst basis. A call will start in a particular timeslot of one DRCU and will move to the same timeslot of the other DRCUs spending the time move to the same timeslot of the other DRCUs spending the time associated to a burst (about 577 microsec.)associated to a burst (about 577 microsec.)in each DRCU (and hence in each different frequency). Changing the in each DRCU (and hence in each different frequency). Changing the frequency implies changing the DRCU (the call hops between DRCUs). It frequency implies changing the DRCU (the call hops between DRCUs). It must be noticed that although data are transmitted by different DRCUs, all must be noticed that although data are transmitted by different DRCUs, all the processing (coding, interleaving, etc.) is done by the digital part the processing (coding, interleaving, etc.) is done by the digital part associated to the DRCU the call was initially assigned to, and only after associated to the DRCU the call was initially assigned to, and only after that, the information is routed to the corresponding transmitting unit.that, the information is routed to the corresponding transmitting unit.
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 Looking at the uplink, MS to BS direction, the call is always received by the Looking at the uplink, MS to BS direction, the call is always received by the DRCU the call was initially assigned to. DRCU the call was initially assigned to. EX. Assuming a cell with 4 DRCUs and 4 frequencies (f1 to f4), Base EX. Assuming a cell with 4 DRCUs and 4 frequencies (f1 to f4), Base Band Hopping in a cyclic way and a call assigned to DRCU 3 timeslot 5 the Band Hopping in a cyclic way and a call assigned to DRCU 3 timeslot 5 the call process will be described.call process will be described.
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 ExampleExample
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 SYNTHESISER FREQUENCY HOPPING (SFH)SYNTHESISER FREQUENCY HOPPING (SFH)
 In this type of hopping the DRCU changes the transmitting frequencyIn this type of hopping the DRCU changes the transmitting frequency each burst and the call always stays in the same DRCU where iteach burst and the call always stays in the same DRCU where it started. The DRCU is able to retune to a different frequency forstarted. The DRCU is able to retune to a different frequency for transmission every 577 microsecs., and because such fast frequencytransmission every 577 microsecs., and because such fast frequency changes, Remote Tune Combiners (RTC) must not be equipped ifchanges, Remote Tune Combiners (RTC) must not be equipped if synthesizer FH is to be used. So, Synthesizer Frequency Hoppingsynthesizer FH is to be used. So, Synthesizer Frequency Hoppingrequires the use of wideband combiner devices such as hybridrequires the use of wideband combiner devices such as hybrid combiners.combiners.
 The main advantage of SFH is that there is no restriction on the numberThe main advantage of SFH is that there is no restriction on the number of carriers equipped in the cell. The number of DRCUs will be determinedof carriers equipped in the cell. The number of DRCUs will be determined by the traffic needed to be handled, but they can hop up to over 64by the traffic needed to be handled, but they can hop up to over 64 different frequencies (limitation coming from GSM specifications) if theydifferent frequencies (limitation coming from GSM specifications) if they are available according to the planning.are available according to the planning.
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 Assuming a cell with 2 DRCUs and 5 frequencies (fb for the BCCH and f1,Assuming a cell with 2 DRCUs and 5 frequencies (fb for the BCCH and f1, f2, f3 and f4 for hopping -fb being the lowest one-), doing Synthesiserf2, f3 and f4 for hopping -fb being the lowest one-), doing Synthesiser Hopping in a cyclic way on DRCU 2 and a call assigned to DRCU 2Hopping in a cyclic way on DRCU 2 and a call assigned to DRCU 2 timeslot 5 the call process is described next Transmission and receptiontimeslot 5 the call process is described next Transmission and reception are always routed through the same timeslot in the same carrier (it doesare always routed through the same timeslot in the same carrier (it does not happen for transmission in Base Band Hopping). In this case, fornot happen for transmission in Base Band Hopping). In this case, for timeslot 5, depending on the inclusion of BCCH frequency in the hoppingtimeslot 5, depending on the inclusion of BCCH frequency in the hopping sequence or not, the evolution of the call will be differentsequence or not, the evolution of the call will be different
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 * * Mobile Allocation (MA):Mobile Allocation (MA): Set of frequencies the mobile is Set of frequencies the mobile is allowed to hop over. MA is a subset of all the allowed to hop over. MA is a subset of all the frequencies allocated by the system operator to the cell frequencies allocated by the system operator to the cell (cell allocation) although it can be the same.(cell allocation) although it can be the same.
 Hopping Sequence Number (HSN):Hopping Sequence Number (HSN): Determines the Determines the hopping order used in the cell. 64 different HSNs can behopping order used in the cell. 64 different HSNs can be
 assigned, where HSN = 0 provides a cyclic hopping assigned, where HSN = 0 provides a cyclic hopping sequence and HSN = 1 to 63provide various sequence and HSN = 1 to 63provide various pseudorandom hopping sequences.pseudorandom hopping sequences.
 * * Mobile Allocation Index Offset (MAIO):Mobile Allocation Index Offset (MAIO): Determines Determines inside the hopping sequence which frequency the mobile inside the hopping sequence which frequency the mobile starts to transmit on.starts to transmit on.
 * * Frequency Hopping Indicator (FHI):Frequency Hopping Indicator (FHI): Defines a hopping Defines a hopping system made up by an associated set of frequencies system made up by an associated set of frequencies (MA) to hop over and a hopping sequence (HSN).(MA) to hop over and a hopping sequence (HSN).
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 Frequency ReuseFrequency ReuseThe usual way to refer to a reuse pattern is by giving the number ofThe usual way to refer to a reuse pattern is by giving the number of cells included in the cluster as well as its configuration. In that way, acells included in the cluster as well as its configuration. In that way, a cluster made up by cluster made up by m m sites with sites with n n cells per site, giving a total of cells per site, giving a total of p =p = m*n m*n cells, will be referred as “mxn reuse pattern”. Any frequency willcells, will be referred as “mxn reuse pattern”. Any frequency will be used once and only once inside the cluster.be used once and only once inside the cluster.
 As an example, a 12 cell cluster made up by 4 three-cell sites, known asAs an example, a 12 cell cluster made up by 4 three-cell sites, known as 4x3 reuse pattern, is represented in Figure 11, meaning that one4x3 reuse pattern, is represented in Figure 11, meaning that one frequency will be reused once each 12 cells or, equivalently, that 12frequency will be reused once each 12 cells or, equivalently, that 12 frequencies (one per carrier) will be needed to configure this cluster (afrequencies (one per carrier) will be needed to configure this cluster (a 4x3 reuse pattern with, for instance, 3 carriers per cell would require up4x3 reuse pattern with, for instance, 3 carriers per cell would require up to 36 different frequenciesto 36 different frequencies
 Higher capacity goals, without allocating more spectrum, lead toHigher capacity goals, without allocating more spectrum, lead to different techniques able to control the interference and allow thedifferent techniques able to control the interference and allow the system operator to use smaller clusters (tighter frequency reusesystem operator to use smaller clusters (tighter frequency reuse patterns). Frequency hopping is the most efficient one, considering thepatterns). Frequency hopping is the most efficient one, considering the very small cluster size that can be achieved. As it will be describedvery small cluster size that can be achieved. As it will be described later in the document, a 3x3 reuse pattern (see figure 12) can belater in the document, a 3x3 reuse pattern (see figure 12) can be successfully implemented in a system working with Base Bandsuccessfully implemented in a system working with Base Band Hopping.Hopping.
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 More aggressive reuse patterns such as 1x3 (all the sites reuse theMore aggressive reuse patterns such as 1x3 (all the sites reuse the same set of frequencies) are possible in a system working withsame set of frequencies) are possible in a system working with Synthesizer Frequency Hopping, although it must be noticed that withSynthesizer Frequency Hopping, although it must be noticed that with SFH more than one frequency can be assigned to each carrier.SFH more than one frequency can be assigned to each carrier.
 This reduction in the size of the cluster, respect to the 4x3 one, can beThis reduction in the size of the cluster, respect to the 4x3 one, can be used to increase capacity. The results achieved in the systems alreadyused to increase capacity. The results achieved in the systems already implemented using that configuration prove its effectiveness to allow aimplemented using that configuration prove its effectiveness to allow a very high capacity increase .When considering high traffic areas, suchvery high capacity increase .When considering high traffic areas, such as big cities, the capacity of the system is limited by interferenceas big cities, the capacity of the system is limited by interference caused by frequency reuse. In a system, the Carrier to Interferencecaused by frequency reuse. In a system, the Carrier to Interference ratio (C/I) may vary a lot among calls: The carrier level (C) changes withratio (C/I) may vary a lot among calls: The carrier level (C) changes with the mobile station position relative to the base station, with the amountthe mobile station position relative to the base station, with the amount of obstacles between them, etc.; the interference level (I) changesof obstacles between them, etc.; the interference level (I) changes depending on whether the frequency is being used by another call independing on whether the frequency is being used by another call in some nearby cell (thus, it also depends on the time during the day –some nearby cell (thus, it also depends on the time during the day –busy hour, non busy hours -), and also varies according the distancebusy hour, non busy hours -), and also varies according the distance with the interference source, its level, etc.with the interference source, its level, etc.
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 Capacity increase will be obtained as a consequence of reusing theCapacity increase will be obtained as a consequence of reusing the frequencies more closely leading to an environment with higher butfrequencies more closely leading to an environment with higher but controlled interference. There are two cases that must be considered atcontrolled interference. There are two cases that must be considered at this point, BCCH carriers and Traffic carriers.this point, BCCH carriers and Traffic carriers.
 • Since the Base Station must be transmitting the BCCH frequencySince the Base Station must be transmitting the BCCH frequency continuously and at maximum power, the frequency reuse that can becontinuously and at maximum power, the frequency reuse that can be achieved is very poor. In that way, a 4x3 reuse pattern is assumed toachieved is very poor. In that way, a 4x3 reuse pattern is assumed to be the tightest one ensuring good performance for a quite regularbe the tightest one ensuring good performance for a quite regular network (specific cases will require more frequencies in order tonetwork (specific cases will require more frequencies in order to achieve a good BCCH plan).achieve a good BCCH plan).
 -For non BCCH carriers, if Frequency hopping is not used, the-For non BCCH carriers, if Frequency hopping is not used, the frequency reuse is very similar to that of the BCCH carrier andfrequency reuse is very similar to that of the BCCH carrier and although Discontinuous Transmission and Power Control featuresalthough Discontinuous Transmission and Power Control features could help, the possibilities of improving the capacity are verycould help, the possibilities of improving the capacity are very reduced. On the contrary, when frequency hopping is activated morereduced. On the contrary, when frequency hopping is activated more aggressive reuse patterns can be used ensuring very goodaggressive reuse patterns can be used ensuring very good performance.performance.
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 The situation is as follows: Almost nothing can be done with respect toThe situation is as follows: Almost nothing can be done with respect to BCCHs and at least 12 frequencies must be reserved for them, which isBCCHs and at least 12 frequencies must be reserved for them, which is a big part of the available frequencies for system operators witha big part of the available frequencies for system operators with narrow spectrum allocation, so the remaining ones must be optimallynarrow spectrum allocation, so the remaining ones must be optimally reused taking advantage of frequency hopping.reused taking advantage of frequency hopping.
 In order to compare the possibilities offered by the differentIn order to compare the possibilities offered by the different configurations in a quantitative way, the distribution of the cellconfigurations in a quantitative way, the distribution of the cell resources (channels) will be considered as being Motorola’sresources (channels) will be considered as being Motorola’s recommendation for a cell located in a non-location area border, andrecommendation for a cell located in a non-location area border, and 2% of blocking in a traffic channel (TCH) is assumed. The capacity2% of blocking in a traffic channel (TCH) is assumed. The capacity offered to the subscribers is described in the table of Figureoffered to the subscribers is described in the table of Figure
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 Traffic Offered as a Function of the Number of Traffic Offered as a Function of the Number of CarriersCarriers
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 CAPACITY INCREASE WITH BASE BAND CAPACITY INCREASE WITH BASE BAND HOPPINGHOPPING
 For Base Band Hopping, since the number of frequencies to use in theFor Base Band Hopping, since the number of frequencies to use in the hopping sequence is determined by the number of carriers equipped,hopping sequence is determined by the number of carriers equipped, in order to be able to achieve the described advantages of hopping, ain order to be able to achieve the described advantages of hopping, a system with high number of carriers per cell is recommended (4system with high number of carriers per cell is recommended (4 carriers per cell is a good value), and the higher this ratio the better thecarriers per cell is a good value), and the higher this ratio the better the performance enhancement achieved.performance enhancement achieved.Considering, as an example, a typical case with 40 channels availableConsidering, as an example, a typical case with 40 channels available (one third of GSM spectrum), the increase of capacity can be seen as(one third of GSM spectrum), the increase of capacity can be seen as follows:follows:* Fixed plan* Fixed planBCCH: 12 frequenciesBCCH: 12 frequencies1st TCH: (4x3) 12 frequencies1st TCH: (4x3) 12 frequencies2nd TCH: (4x3) 12 frequencies2nd TCH: (4x3) 12 frequenciesA system with 3 carriers per cell can be configured with 4 frequenciesA system with 3 carriers per cell can be configured with 4 frequencies left.left.* Base Band Hopping* Base Band HoppingBCCH: 12 frequenciesBCCH: 12 frequencies1st TCH: (3x3) 9 frequencies1st TCH: (3x3) 9 frequencies2nd TCH: (3x3) 9 frequencies2nd TCH: (3x3) 9 frequencies3rd TCH: (3x3) 9 frequencies3rd TCH: (3x3) 9 frequenciesBBH leads to BBH leads to 47% 47% of capacity increase as per figure given aboveof capacity increase as per figure given above
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 CAPACITY INCREASE WITH SYNTHESISERCAPACITY INCREASE WITH SYNTHESISERFREQUENCY HOPPINGFREQUENCY HOPPING
 In the case of Synthesizer Frequency Hopping the ratio frequencies/carriers isIn the case of Synthesizer Frequency Hopping the ratio frequencies/carriers is higher than 1,which means that more frequencies than carriers can be used,higher than 1,which means that more frequencies than carriers can be used, taking advantage of a larger spectrum used to hop over. In that case, all thetaking advantage of a larger spectrum used to hop over. In that case, all the benefits of hopping can be achieved even with few carriers in the cell, sincebenefits of hopping can be achieved even with few carriers in the cell, since they are allowed to hop over as many frequencies as wanted.they are allowed to hop over as many frequencies as wanted.Having more frequencies than carriers means that these frequencies are notHaving more frequencies than carriers means that these frequencies are not permanently on the air, and hence the interference introduced in the systempermanently on the air, and hence the interference introduced in the system is lower, compared to the situation found in BBH and fixed. The higher theis lower, compared to the situation found in BBH and fixed. The higher the ratio frequencies/carrier, the lower the interference in the system.ratio frequencies/carrier, the lower the interference in the system.This reduction in interference gives the possibility of reusing the frequenciesThis reduction in interference gives the possibility of reusing the frequencies in a much more tightly way when Synthesiser frequency hopping isin a much more tightly way when Synthesiser frequency hopping is implemented. A very well understood reuse implemented with SFH is the 1x3implemented. A very well understood reuse implemented with SFH is the 1x3 reuse pattern, leading to a frequency reuse 3 and 4 times tighter than thereuse pattern, leading to a frequency reuse 3 and 4 times tighter than the BBH (3x3) and Fixed (4x3) common reuses, respectively.BBH (3x3) and Fixed (4x3) common reuses, respectively.
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 So, with SFH it is possible to enhance the spectral efficiency by 100%So, with SFH it is possible to enhance the spectral efficiency by 100% respect to a fixed system, and by 50% respect to the BBH system.respect to a fixed system, and by 50% respect to the BBH system.This reduction in the size of the cluster (tighter reuse pattern), orThis reduction in the size of the cluster (tighter reuse pattern), or equivalently, increase in spectral efficiency, is directly translated to aequivalently, increase in spectral efficiency, is directly translated to a capacity increasecapacity increase, which is the main interest in using that technique., which is the main interest in using that technique.
 Because a carrier doing BBH can only hop over as many frequencies asBecause a carrier doing BBH can only hop over as many frequencies as carriers are equipped in the cells, BBH requires cells to be equipped with ascarriers are equipped in the cells, BBH requires cells to be equipped with as many carriers as possible to take advantage of frequency hopping (threemany carriers as possible to take advantage of frequency hopping (three should be the minimum), so its efficiency is reduced for small cells.should be the minimum), so its efficiency is reduced for small cells.SFH has the same benefits independently of the number of carriers,SFH has the same benefits independently of the number of carriers, provided that, at least, double number of frequencies than carriers are usedprovided that, at least, double number of frequencies than carriers are used in the hopping sequences. This is a useful solution for capacity in all thein the hopping sequences. This is a useful solution for capacity in all the systems, because even for the cases with high number of carriers per cell,systems, because even for the cases with high number of carriers per cell, the possible drawback of the combining losses involved when all thethe possible drawback of the combining losses involved when all the carriers a re combined through hybrids to the same antenna can be avoidedcarriers a re combined through hybrids to the same antenna can be avoided by using air combining.by using air combining.
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 CAPACITY COMPARISON SFH vs. BBHCAPACITY COMPARISON SFH vs. BBH
 Because a carrier doing BBH can only hop over asBecause a carrier doing BBH can only hop over as many frequencies as carriers are equipped in themany frequencies as carriers are equipped in the cells, BBH requires cells to be equipped with ascells, BBH requires cells to be equipped with as many carriers as possible to take advantage of many carriers as possible to take advantage of frequency hopping (three should be the minimum),frequency hopping (three should be the minimum), so its efficiency is reduced for small cells.so its efficiency is reduced for small cells.SFH has the same benefits independently of theSFH has the same benefits independently of the number of carriers, provided that, at least, doublenumber of carriers, provided that, at least, double number of frequencies than carriers are used in thenumber of frequencies than carriers are used in the hopping sequences.hopping sequences.
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 The first aspect, fewer sites required, can be understood with theThe first aspect, fewer sites required, can be understood with the following example: “A new system operator has to deploy a systemfollowing example: “A new system operator has to deploy a system from scratch to give service to 200000 subscribers. The spectrumfrom scratch to give service to 200000 subscribers. The spectrum assigned to this operator is 9.6 MHz, meaning 48 frequencies areassigned to this operator is 9.6 MHz, meaning 48 frequencies are available”. Three possibilities can be considered:available”. Three possibilities can be considered:
 * Conventional Fixed Frequency System* Conventional Fixed Frequency System* Base Band Hopping System* Base Band Hopping System• Synthesizer Frequency Hopping SystemSynthesizer Frequency Hopping System
 Considering standard values used for planning issues:Considering standard values used for planning issues:* 2% Blocking* 2% Blocking* 25 mErlangs by subscriber* 25 mErlangs by subscriber* Traffic offered given by the table in Figure 14.* Traffic offered given by the table in Figure 14.The differences can be summarized in the next tableThe differences can be summarized in the next table
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 GENERAL COMPARISON OF BBH AND SFHGENERAL COMPARISON OF BBH AND SFH
 QualityQuality: The improvement in quality is the consequence of the: The improvement in quality is the consequence of the frequency diversity, so both BBH and SFH offer the same possibilitiesfrequency diversity, so both BBH and SFH offer the same possibilities to enhance the quality of a network, provided that the same conditionsto enhance the quality of a network, provided that the same conditions are considered. In that way, for low traffic cells, (few carriers) SFHare considered. In that way, for low traffic cells, (few carriers) SFH allows higher improvement because of the higher number ofallows higher improvement because of the higher number of frequencies that can be used.frequencies that can be used.-Capacity-Capacity: The increase in capacity that can be achieved with frequency: The increase in capacity that can be achieved with frequency hopping is related to the reuse of the frequencies. The tighter thishopping is related to the reuse of the frequencies. The tighter this reuse, the higher the capacity increase. As it has been described, thereuse, the higher the capacity increase. As it has been described, the commonly used patterns for BBH and SFH lead to tighter reusecommonly used patterns for BBH and SFH lead to tighter reuse patterns in the last case (SFH) and thus the capacity can be increasedpatterns in the last case (SFH) and thus the capacity can be increased more if Synthesiser Frequency Hopping is implemented.more if Synthesiser Frequency Hopping is implemented.
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 Frequency PlanningFrequency Planning: :
 Frequency Hopping leads to a simplification in planning issue, and aFrequency Hopping leads to a simplification in planning issue, and a reduction of time and work. Base Band Hopping implementation stillreduction of time and work. Base Band Hopping implementation still requires a frequency plan, because frequencies continue being associatedrequires a frequency plan, because frequencies continue being associated to dedicated DRCUs (each DRCU transmits continuously the sameto dedicated DRCUs (each DRCU transmits continuously the same frequency).frequency). Synthesiser Frequency Hopping, on the contrary, needs only the planning ofSynthesiser Frequency Hopping, on the contrary, needs only the planning of BCCHs (non hopping) with no planning at all required for the hoppingBCCHs (non hopping) with no planning at all required for the hopping carriers. The frequencies are regularly distributed in the cells of a site, andcarriers. The frequencies are regularly distributed in the cells of a site, and reused in that way for all the sites (1x3 reuse pattern). SFH reduces thereused in that way for all the sites (1x3 reuse pattern). SFH reduces the planning issue only to BCCH planning, always using a number ofplanning issue only to BCCH planning, always using a number of frequencies high enough to achieve a good BCCH layer, and hence beingfrequencies high enough to achieve a good BCCH layer, and hence being easy to plan. The best solution to save time and money in planning is toeasy to plan. The best solution to save time and money in planning is to select SFH implementing a 1x3 reuse scheme.select SFH implementing a 1x3 reuse scheme.
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 The best solution to save time and money in planning is to select SFHThe best solution to save time and money in planning is to select SFHimplementing a 1x3 reuse scheme.implementing a 1x3 reuse scheme.-Hopping on the BCCH-Hopping on the BCCH:: Implementing Base Band Hopping, all the channels Implementing Base Band Hopping, all the channels dedicated to carry traffic (TCH carriers and non signalling timeslots on thededicated to carry traffic (TCH carriers and non signalling timeslots on the BCCH carrier) can take advantage of it, since the BCCH is allowed to hopBCCH carrier) can take advantage of it, since the BCCH is allowed to hop as well on non signalling timeslots. On the contrary, using Synthesiseras well on non signalling timeslots. On the contrary, using Synthesiser Hopping, it is no worth to configure the hopping through the BCCH, sinceHopping, it is no worth to configure the hopping through the BCCH, since its non signalling timeslots would not be available for carrying traffic,its non signalling timeslots would not be available for carrying traffic, losing capacity in the cell.losing capacity in the cell.--FlexibilityFlexibility:: The main advantage of Synthesiser Hopping appears at the time The main advantage of Synthesiser Hopping appears at the time of integrating a new site, because of the simplicity of this task: Only a of integrating a new site, because of the simplicity of this task: Only a
 cleanclean frequency is needed for BCCH purposes, and the same frequencies used infrequency is needed for BCCH purposes, and the same frequencies used in all the sites will be reused in the new one,following the conventional 1x3all the sites will be reused in the new one,following the conventional 1x3 pattern. The grown of the network is easier and faster if SFH ispattern. The grown of the network is easier and faster if SFH is implemented on it. There is another point to be considered and it is theimplemented on it. There is another point to be considered and it is the interdependence between all the carriers in a cell existing in a Base Bandinterdependence between all the carriers in a cell existing in a Base Band Hopping system: As all the calls move around all the carriers, a faultyHopping system: As all the calls move around all the carriers, a faulty DRCU will affect all the calls. On the other hand, using SFH, all theDRCU will affect all the calls. On the other hand, using SFH, all the timeslots work independently from the point of view of hopping, so there istimeslots work independently from the point of view of hopping, so there is no influence atall from problems appearing in any of them.no influence atall from problems appearing in any of them.
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 -Economic advantages-Economic advantages::
 From the economic point of view, Synthesiser HoppingFrom the economic point of view, Synthesiser Hopping gives more advantages, because the planning and optimisation tasksgives more advantages, because the planning and optimisation tasks are almost inexistent, so the period of time necessary to deploy aare almost inexistent, so the period of time necessary to deploy a network is much shorter. At the same time, as more capacity per sitenetwork is much shorter. At the same time, as more capacity per sitecan be achieved, additional savings can be obtained because fewercan be achieved, additional savings can be obtained because fewer sites will be required for the same capacity goalsites will be required for the same capacity goal
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 Two effects:Two effects:
 -Frequency Diversity: -Frequency Diversity: Protection against frequency selective deep fading, affecting stationaryProtection against frequency selective deep fading, affecting stationary or quasi-stationary mobiles.or quasi-stationary mobiles.-Interference Diversity:-Interference Diversity: Randomise the interference situation and spread the errors to enhanceRandomise the interference situation and spread the errors to enhance decoding and deinterleaving effectiveness.decoding and deinterleaving effectiveness.* Two ways of working:* Two ways of working:Base Band Hopping (BBH):Base Band Hopping (BBH): The calls hop between DRCUs. Diversity gain depends on the traffic inThe calls hop between DRCUs. Diversity gain depends on the traffic in the cell (number of carriers).the cell (number of carriers).
 Synthesizer Frequency Hopping (SFH):Synthesizer Frequency Hopping (SFH): The DRCUs hop (change their transmitting frequency). Diversity gainThe DRCUs hop (change their transmitting frequency). Diversity gain depends on the spectrum allocation (number of frequencies to hop over).depends on the spectrum allocation (number of frequencies to hop over).* Possibilities offered:* Possibilities offered:- Improve the system quality.- Improve the system quality.- Enhance spectral efficiency leading to significant capacity increases .- Enhance spectral efficiency leading to significant capacity increases .- Reduce the number of sites, planning and optimisation required to- Reduce the number of sites, planning and optimisation required to deploy the network, saving money to the system operator.deploy the network, saving money to the system operator.
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 Thank youThank you
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