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Updates for Dual Symbol Rate section of the Feasibility Study on Future GERAN Evolution
This contribution proposes updates to section 9 of the Feasibility Study on Future GERAN Evolution. Updates include clarifications based on editor’s notes and editorial cleanups.
It is proposed that these changes will be incorporated in the feasibility study.
9
Dual symbol rate

9.1 Introduction

Dual symbol rate (DSR) doubles the modulation rate in the transmitter of the mobile station resulting to 1.9 times higher average uplink bit rates at coverage and 1.7-1.9 times higher at interference limited scenarios. The BTS receiver needs to cope with doubled transmission bandwidth and could beneficially utilise the gain of interference rejection combining (IRC) for both reception of dual symbol rate and also to provide robustness against interference due to dual symbol transmission to the normal 8PSK and GMSK reception. The receiver complexity for DSR is about 50% more complex per bit than for 8PSK. The dual symbol rate applies to normal GSM frequency planning for all re-uses up to 1/1. Evolution in uplink bit rates is needed to support uploading of images or video from camera phones and also to maintain a balance in bit rates and in coverage with downlink enhancements e.g. with dual carrier. 

9.1.1
Technology outline

The transmitter power of Mobile Station is limited e.g. by multi slot power reduction, thus more effective method than adding uplink timeslots or carriers (7.) is needed to improve uplink throughput. Interference Rejection Combining diversity algorithm is widely used in EDGE BSS and it has potentially some unused gain e.g. IRC could cope with higher amount of uplink interference.

9.1.2
Service outline

The EGPRS uplink bit rate evolution is needed to support e.g. imaging feature evolution in EGPRS mobile phones. Camera phones have couple of Mpixel resolution, high quality optics and integrated flash producing decent pictures for family use.  In consequence camera phones are replacing point-and-shoot cameras – the biggest segment in the digital photography. 

Although mobiles may have high capacity memory cards or even integrated hard disc drive, it would be likely irresistible not to send taken pictures or videos immediately to friends or family by email, post them to a web blog or a photo printing service with EGPRS phone in hand. As a bonus those camera phones would increase also downlink data traffic by peoples reading emails or visiting in blocks. So each camera phone owner would be a significant mobile content creator in terms of Mbytes and freshness of the created information. 

Dual Symbol Rate EGPRS could approximately halve image upload times, or provide almost double bit rates or better uplink coverage for real time video sharing with DTM.

9.2 Concept description

The dual symbol rate, which uses similar 8PSK modulation as EDGE, doubles up link bit rates with minimal impact to mobile stations. The transmission bandwidth is also doubled and needs appropriate receiver in BTS. According to simulations both spectral efficiency and coverage can be enhanced significantly. With dual symbol rate it’s possible to utilise properties of interference rejection combining diversity receiver for both reception and also to provide robustness against wideband interference to normal 8PSK and GMSK reception.  

Dual symbol rate is likely not applicable in downlink until penetration of diversity MS’s employing IRC is high enough to cope with DSR as base stations do in uplink.

9.2.1 Modulation

The Dual Symbol Rate could apply the existing 8PSK parameters excluding symbol rate and shaping filter. The following table compares modulation parameters of DSR and 8PSK.  

Table 1 Modulation parameter comparison

	
	8PSK
	DSR

	Symbol Rate
	270 833.3 symbols/s
	541 666.7 symbols/s

	Modulation
	8PSK
	8PSK

	Rotation
	3π/8
	3π/8

	Shaping pulse
	Linearised Gaussian, BT=0.3
	Root raised cosine, Roll-Off= 0.29 

	Peak to Average Ratio (PAR)
	3.2 dB
	2.8 dB 


The spectrum of DSR with roll-off 0.29 is shown and is compared with three 8PSK carriers in Figure 1.
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Figure 1 Spectrum of dual symbol rate with roll-off=0.29

9.2.2
Multiplexing

9.2.2.1
Burst format

The normal burst format has an equal structure in time with existing GMSK and 8PSK modulated normal bursts as shown in Table 2.

Table 2 Normal burst format for DSR

	Bit number
	Length in bits
	Length in DSR symbols
	Contents

	0 – 17
	18
	6
	Tail bits

	18 – 365
	348
	116
	Payload bits

	366 – 521
	156
	52
	Training Sequence bits

	522 – 869
	348
	116
	Payload bits

	870 – 887
	18
	6
	Tail bits

	888 – 936.5
	49.5
	16.5
	Guard Period


The training sequence bits should be defined so that amplitude variations are minimized similar to 8PSK training sequences. Furthermore, the training sequence design should consider both autocorrelation and cross-correlations properties to achieve good channel estimation performance in high noise and interfering conditions.

9.2.2.2
Blind symbol rate and modulation detection

ABSS needs to detect which symbol rate was used in the received burst. Detection may be enabled by orthogonal training sequences as in blind modulation detection between 8PSK and GMSK modulations. Main difference to the existing blind modulation detection is additional channel (i.e. low pass) filtering for existing modulations as illustrated in Figure 2. 
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Figure 2 Illustration of blind symbol rate and modulation detection for received burst
9.2.2.3
Multi slot classes

Current 8PSK multi slot classes should apply for dual symbol rate. 

9.2.3
Channel coding

The channel coding of dual symbol rate should be carried out in a similar way as with existing 8PSK modulated coding schemes of EGPRS (MCS5-5 to 9), so that incremental redundancy (IR) can be supported between 8PSK and dual symbol rate modulated blocks. 

Table 3 illustrates possible new modulation and coding schemes. The coding rate could be a bit lower than for relative 8PSK MCSs depending on the coding of header. The interleaving of RLC blocs could be optimised according to coding rate similarly as in EGPRS. The RLC/MAC header need to carry information of 4 RLC blocks thus new header type is needed, but the EGPRS header type-1 could be re-used for 2 lowest DSR MCSs.

Table 3 DSR-8PSK modulation and coding schemes

	MCS
	Family
	Modulation
	FEC
	RLC Blocks [Bytes]
	Interleaving

[Bursts]
	Bit rate

[bit/s]

	DCS-5
	B
	DSR-8PSK
	0.35 - 0.38
	2 x 56
	4
	44 800

	DCS-6
	A
	DSR-8PSK
	0.45 - 0.49
	2 x 74
	4
	59 200

	DCS-7
	B
	DSR-8PSK
	0.70 - 0.76
	4 x 56
	4
	89 600

	DCS-8
	A
	DSR-8PSK
	0.85 - 0.92
	4 x 68
	1 or 2
	108 800

	DCS-9
	A
	DSR-8PSK
	0.92 - 1.00
	4 x 74
	1
	118 400


9.2.4
RLC/MAC 

The dual symbol rate does not need changes to the existing RLC/MAC procedures and for example current uplink allocation methods e.g. dynamic allocation through USF and RRBP mechanisms should apply for DSR. 

Current maximum RLC Window size for EGPRS (1024) should apply for DSR as well as for dual carrier (7.5.2.4). 

The EGPRS link adaptation may be enhanced for DSR by adding new rules to select used MCS. 

9.2.5
RRC

Introduction of new Radio Access Capability is needed.

9.2.2 Radio transmission and reception

It could be assumed that Dual Symbol Rate has quite similar properties as 8PSK and the same approach as used for specifying properties 8PSK could be applied, but some considerations are needed due to wider spectrum. 

It is assumed that BTS uses IRC diversity allowing interferes to overlap from adjacent carriers. BTS performance for DSR should likely be specified with diversity, since that is typical BTS configuration. For performance evaluation and requirements the network interference scenario needs to be defined e.g. similar to DARP, but considering wider and thus overlapping bandwidth of DSR, IRC capability, uplink interference statistical distribution rather than just average and mixed voice and data traffic model.. 

9.2.2.1
Transmitter output power and power classes

No changes expected and existing E-power classes could be applied due to similar linearity requirements with 8PSK.

9.2.2.2
Modulation accuracy

Current EVM figures should likely apply with a note of different symbol rate and shaping filter.

9.2.2.3
Power vs. time

No major changes are expected if PAR is similar with current 8PSK and burst structure is specified according to the current 8PSK modulated normal burst. 

9.2.2.4
Spectrum due to modulation

Spectrum due to modulation mask needs to be changed to apply for dual symbol rate. As an initial starting point the current spectrum mask for 8PSK could shifted by 200kHz and relative amplitude corrected by 3dB corresponding the same absolute power with 8PSK.

9.2.2.5
Spectrum due to transients

Spectrum due to transients needs to reflect changes in spectrum due to modulation.

9.2.2.6
Receiver blocking characteristics

Feasibility of nearest 600 kHz offset may need reconsidered, because it’s almost in band.

9.2.2.7
AM suppression characteristics

No changes expected.

9.2.2.8
Inter-modulation characteristics

No changes expected.

9.2.2.9
Nominal Error Rates (NER)

Similar limits as for 8PSK could be applied.

9.2.2.10
Reference sensitivity level

Adding diversity cases need to be considered.

9.2.2.11
Reference interference level

Adding diversity cases need to be considered.

9.3
Modelling assumptions and requirements

9.3.1
MS transmitter modelling


Ideal transmitter was used in coverage and interference scenarios, but power amplifier model based on the GaAs HBT technology was used in spectrum due to modulation and adjacent channel power evaluations.

9.3.2
BTS receiver modelling

Uplink Interference Rejection Combining diversity (IRC) was used in simulations and some reference simulations were also performed with Maximum Ratio Combining (MRC) or without diversity. The effective noise figure was 5dB, antenna branches were uncorrelated and no other impairments were included to receiver simulations. 

9.3.3
Simulation approach for interference modelling

As seen in Figure 1 DSR spectrum overlaps over three normal 200 kHz carriers resulting in about 3 to 5 times more stringent interference situation for the BTS receiver. Thus conventional single interferer models (like CCI, ACI) or even the multi-interferer method used in SAIC cannot be used for DSR performance evaluations. 

The interference modelling used burst-wise data recorded from dynamic system simulator in link simulator to simulate multiple interferers. This approach combines benefits of both simulation environments, providing accurate evaluation of IRC algorithm to cope with multiple interferers having variable bandwidth and modulation. The number of simultaneous interferers varied dynamically burst by burst up to more than 20 as depicted in a spectral snapshot in Figure 3. 

Network level results e.g. spectral efficiency was obtained by combining link results with wanted signal level statistics. 

Burst-wise interference data from dynamic system simulator included MS Id, signal level and modulation information for co-channel, 1st and 2nd adjacent channel interferers, that enable to produce system level interference environment in link simulator using similar structure as in 6.3. The signal level information was averaged in system simulator so that fast fading was simulated only once in link simulator for both wanted and all interfering signals. DSR simulations were performed by changing 8PSK modulated bursts to be DSR-8PSK modulated.

Link adaptation was not dynamic, but MCS giving the best average throughput was selected for each signal level in link simulator. It is assumed to have better results with dynamic link adaptation.

The impact of dual symbol rate signal to TCH/AFS5.9 was simulated in link simulator. 
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Figure 3 Spectral snapshot from simulated UL interferences at cell border

9.3.3 Assumptions for coverage modelling

The DSR coverage was modelled with the following assumptions, resulting to level of -108 dBm at cell border (95%).

	Noise floor of BTS with NF=5dB *)
	-115 dBm

	Required Eb/No for EFR (FER < 1%) with diversity
	2 dB

	Body loss difference between talk and data positions
	3 dB

	Power decrease for 8PSK related to GMSK
	4 dB in UL, 

2 dB in DL

	Fading etc. margins
	6 dB


*) Noise figure of BTS is typically couple of dB lower yielding to –110 dBm at cell border, but NF=5dB is commonly used as a reference. So 2dB implementation margin is effectively included to assumptions.

9.4
System level model

9.4.1
Network model and system scenarios

4 different system scenarios were used to collect burst-wise interference data and wanted signal statistics. Network configurations and simulation parameters are listed in the tables 4 and 5. Frequency re-use 4/12 was studied for BCCH, and reuses 1/1 (1/3 load), 1/3 and 3/9 for hopping layer. It should be noted that frequency re-use is determined for normal 200kHz carrier and with overlapping DSR carrier it is effectively 2 times higher e.g. at re-use 1/1 case the effective re-use for DSR is about 2/1. Network load was about 75% in all cases. In BCCH case it was assumed that all traffic is EGPRS data, whereas in TCH cases there were 4 TCH TRXs in each cell serving 19.2 voice Erlangs and about 210kb/s for EGPRS traffic in average, yielding to 17 % - 25% share of slots for data. Voice load alone introduced 20% effective frequency load (EFL) for frequency re-uses 1/1 and 1/3.
Amount of recorded bursts was large enough to achieve statistically reliable results for evaluating relative DSR gain over EDGE, because exactly the same interference statistics was used within each data scenario. On the other hand  accuracy is likely not sufficient with used files to make accurate absolute performance evaluations with other than 1/1 or 1/3 re-uses. 
Site-to-site distance was 3 000 meters in interference scenarios and 12 000 meters in the coverage scenario. The propagation environment was typical urban at 3 km/h. DTX and power control algorithms were enabled for voice and EGPRS. 

FTP traffic model with 120 kB file size was used for EGPRS and the same amount of traffic was assumed in UL and DL, causing sufficient uplink load. This FTP model corresponds to about 200 - 230 kB file size with DSR.

Table 4 Network model parameters
	Parameter
	Value

	Site-to-Site distance
	3 000m at interference scenarios

12 000m at coverage scenario

	Frequency
	900MHz

	Sectors per site
	3

	Antenna pattern
	65 degrees

	Log. Normal Fading standard deviation
	6dB

	Correlation Distance
	50m

	Path loss exponent
	3.67

	Propagation model
	Typical Urban, 3 km/h

	Number of cells
	75


Editor’s note: clarify why the 2.4MHz bandwidth does not coincide with using 4 trx per cell using 1/1 reuse (expecting 800kHz)
Table 5 System Scenarios
	Parameter
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Reuse
	4/12 (BCCH only)
	1/3 (TCH only)
	3/9 (TCH only)
	1/1 (TCH only)

	Bandwidth
	2.4MHz
	2.4MHz
	7.2MHz
	2.4 MHz

	TRXs per cell
	1
	4
	4
	4 (1/3 load)

	Hopping
	No
	Random RF
	Random RF
	Random RF

	Synchronised BSS
	Yes
	Yes
	Yes
	Yes

	Voice Load
	0
	 19.2 Erl 

(AMR 5.9)
	 19.2 Erl 

(AMR 12.2)
	 19.2 Erl 

(AMR 5.9)

	Voice Activity
	60% (DTX on)
	60% (DTX on)
	60% (DTX on)
	60% (DTX on)

	Voice Power Control
	Yes
	Yes
	Yes
	Yes

	EGPRS DL Load (served)
	252 kbits/s 

(6.5 slots)
	218 kbit/s

(7.1 slots)
	236kbit/s

(6.6 slots)
	217 kbit/s 

(8.1 slots)

	EGPRS UL Load (served)
	244 kbit/s

(5.2 slots)
	205 kbit/s

(5.0 slots)
	211 kbit/s 

(4.1 slots)
	203 kbit/s 

(5.6 slots)

	EGPRS UL Power Control
	Yes
	Yes
	No
	Yes

	EGPRS Traffic Model
	FTP (120 kB)
	FTP (120 kB)
	FTP (120 kB)
	FTP (120 kB)

	Number of recorded bursts
	40 000 (200s)
	30 000 (150s)
	30 000  (150s)
	30 000 (150s)


Editor’s note: statistical accuracy might be impacted by the limited number of bursts
9.4.2
Network interference statistics 

In Figure 4, Figure 5, Figure 6 and Figure 7 cumulative co- and adjacent channel interference distributions are shown for scenario 1 and scenario 2. Carrier level shows Rx levels measured from EGPRS connections. The percentage value after the interference number displays a probability of an interferer. The complete list of the interferer probabilities are shown in Table 7. Note that probabilities for the 1st adjacent apply also for the 2nd adjacent interferer.
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Figure 4 4/12 co-channel I level cdf
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Figure 5 4/12 adjacent channel I level cdf
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Figure 6 1/3 co-channel I levels
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Figure 7 1/3 adjacent channel I levels

Table 6 Signal Level statistics
	
	Scenario 1 

(4/12)
	Scenario 2 

(1/3)
	Scenario 3 

(3/9)
	Scenario 4 

(1/1)
	Coverage

	95% value
	-87.7 dBm
	-87.7 dBm
	-87.5 dBm
	-87.7 dBm
	-108 dBm

	50% (median)
	-78.2 dBm
	-78.2 dBm
	-77.3 dBm
	-78.2 dBm
	-98 dBm


Table 7 Probabilities for interferers to exceed –120 dBm

	Ordinal number of interferer
	Scenario 1 (4/12)
	Scenario 2 (1/3)
	Scenario 3 (3/9)
	Scenario 4 (1/1)

	
	Co- channel
	Adjacent

AC1, AC2
	Co- channel
	Adjacent

AC1, AC2
	Co-channel
	Adjacent

AC1, AC2
	Co-channel
	Adjacent

AC1, AC2

	Dominant
	92%
	97%
	98%
	98%
	63%
	80%
	99%
	95%

	2nd
	73%
	88%
	90%
	91%
	22%
	49%
	93%
	92%

	3rd
	32%
	64%
	76%
	76%
	4.0%
	22%
	80%
	83%

	4th
	0.6%
	39%
	56%
	56%
	0.5%
	8.6%
	61%
	68%

	5th
	
	19%
	37%
	37%
	0.1%
	0.9%
	43%
	51%

	6th
	
	5.6%
	22%
	22%
	
	0.3%
	28%
	35%

	7th
	
	
	11%
	12%
	
	0.1%
	16%
	22%

	8th
	
	
	4.9%
	5.3%
	
	
	8.0%
	13%

	9th
	
	
	1.6%
	1.9%
	
	
	3.5%
	6.4%

	10th
	
	
	0.4%
	0.6%
	
	
	1.2%
	2.8%

	11th
	
	
	0.1%
	0.1%
	
	
	0.4%
	1.0%

	12th
	
	
	
	
	
	
	0.1%
	0.3%


9.5
Performance characterization

9.5.1
Spectrum due to modulation

Figure 9 shows simulated example of spectrum due to modulation with GaAs HBT PA model biased near to class-B resulting 35% power added efficiency (PAE).  For comparison the spectrum due to modulation for 8PSK would kiss the existing limit line at 400kHz offset with the same PA as depicted in Figure 8. 

The existing 8PSK spectrum mask was shifted by 200kHz and is plotted as a reference to demonstrate the impact of DSR. The carrier power of DSR is corrected by 3dB to match with the same absolute power with 8PSK measured through the 30kHz filter. 

This spectrum due to modulation is further analysed in chapter (9.5.2).  
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Figure 8 Simulated spectrum due to modulation for 8PSK
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Figure 9 Simulated spectrum due to modulation for dual symbol rate

9.5.2
Adjacent channel power

The adjacent channel power due to DSR transmission was evaluated by using GaAs HBT PA model biased near to class-B yielding to 35% power added efficiency. Simulated spectrum is shown in Figure 9. 

9.5.2.1
Adjacent channel power to GSM/EDGE uplink

Adjacent channel power (ACP) for different offsets was estimated through 180 kHz rectangular filter compared to the total transmitted signal power. The adjacent channel power limits were derived from the reference interference level limits for 3 lowest offsets and from spectrum due to modulation mask for higher offsets. Indeed existing limits are shifted by 200kHz. 

Results are in Table 8. Adjacent channel power due to DSR seems to comply with existing ACP limits excluding 800kHz offset, where limit was exceeded by 2 dB and could likely be improved e.g. by compromising in power added efficiency. The system impact of this 2dB exception at level of –56dB would be likely negligible. 
Table 8 Adjacent channel powers to GSM/EDGE uplink

	
	Offset

	
	400 kHz
	600 kHz
	800 kHz
	1000 kHz
	1200 kHz
	1400 kHz
	1600 kHz
	1800 kHz
	2000 kHz

	Simulated ACP @180 kHz BW
	20 dB
	55 dB
	56 dB
	62 dB
	61 dB
	63 dB
	64 dB
	64 dB
	68 dB

	Existing ACP limit @ 180 KHz shifted by 200kHz
	18 dB
	50 dB
	58 dB
	60 dB
	60 dB
	60 dB
	60 dB 
	60 dB
	63 dB

	Margin
	2 dB
	5 dB
	-2 dB
	2 dB
	1 dB
	3dB
	4 dB
	4 dB
	5 dB


The used guard band used between operators depends on regulatory requirements and possible agreements and typically does not exist or is single 200kHz channel. Thus existing ACP between operators varies and is typically 18 or 50 dB. Similar ACP values for DSR can be obtained by 200 or 400 kHz guard band. 

To ensure 50dB ACP, it is possible to use DSR at BCCH layer allocated in the middle of operator’s frequency band, so that use of edge channels can be avoided.  Or it is also possible to use restricted MA list for DSR/EGPRS avoiding edge channels of operator’s frequency allocation, which still can be used for voice. Thus DSR can be used with existing guard band and without segregation in EGPRS, but may need some support from BSS resource allocation.   

9.5.2.2
Adjacent channel power to WCDMA uplink

Adjacent channel power (ACP) was estimated through 3840 kHz rectangular filter compared to the total transmitted signal power. The impact to adjacent WCDMA uplink was estimated by determining ACP at 2.7 MHz offset and comparing it to allowed ACP of WCDMA transmitter at 5MHz offset. 

As a result modelled PA has 19 dB margin on ACP introduced to adjacent WCDMA. So dual symbol rate can be applied with current 200kHz guard band adjacent to WCDMA. 

Table 9 Adjacent channel power to WCDMA uplink at 2700 kHz offset

	Simulated ACP due to DSR
	54 dB

	Allowed ACP for WCDMA at 5MHz offset (24dBm)
	33 dB

	Margin (26dBm for DSR)
	19 dB


9.5.3
Coverage 

Throughput versus received signal level is depicted in Figure 10 for 8PSK with and without IRC and for DSR with and without incremental redundancy at TU3iFH conditions. GMSK MCSs are not included. 5dB noise figure was assumed for BTS receiver, but no other impairments. Table 10 shows throughputs and throughput gains with maximum multi slot power reduction for 1 - 4 uplink slots by using –98 dBm as a median level for single slot. The DSR could have one MCS more below DCS-5, which may improve the throughput gain at cell border.

As a conclusion DSR provides 1.9 times higher throughput in coverage limited case and provides also higher throughput than could be obtained by doubling number of uplink timeslots with 8PSK, if maximum power reduction is assumed.

The used RRC modulation shaping filter is ISI free and has a bit relaxed bandwidth compared to the existing linearised gaussian filter resulting to almost 2 dB gain. Thus expectation to see about 3dB loss due to halved energy per symbol in DSR is not a valid assumption for DSR. 
The gain due to incremental redundancy is highest at the lowest signal levels. At cell border (95%) the throughput gain due to IR was 49 %. In real life the IR gain would be even higher e.g. with non-ideal link adaptation and real FH. 
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Figure 10 Throughput at coverage scenario TU3iFH

Table 10 Throughputs with maximum multi slot power reduction for TU3iFH

	
	1 slot
	2 slots
	3 slots
	4 slots

	Multi slot power reduction
	0
	3 dB
	4.8 dB
	6 dB

	Average 8PSK throughput
	44 kbps
	74 kbps
	95 kbps
	117 kbps

	Average DSR throughput
	84 kbps
	139 kbps
	178 kbps
	216 kbps

	Average Throughput gain
	1.9 x
	1.9 x
	1.9 x
	1.9 x


The throughput at cell border is 22 kbit/s for DSR and 14.6 kbit/s for 8PSK yielding to 51% gain at the border of cell.

9.5.4
Performance at Hilly Terrain

The receiver performance was evaluated also at Hilly Terrain to ensure receiver’s capability to cope with delay spreads at least up to 20µs. As a result the DSR provides about 2 times higher average throughput than 8PSK at HT3 iFH conditions.
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Figure 11 Throughput at Hilly Terrain 3km/h
The throughput at cell border is 25kbit/s for DSR and 15.8 kbit/s for 8PSK yielding to 57% gain at the border of cell.
9.5.5
Performance at interference scenarios

Throughputs versus carrier level are shown in Figure 12, Figure 13, Figure 14 and Figure 15. Vertical lines mark 95% and 50% signal levels.  Figure 16 summarises average throughputs at different system scenarios.
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Figure 12 Throughput at scenario 1 (4/12)
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Figure 13 Throughput at Scenario 2 (1/3)
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Figure 14 Throughput at Scenario 3 (3/9)
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Figure 15 Throughput at Scenario 4 (1/1) 
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Figure 16 Average throughputs per time slot

Table 11 Summary for interference scenarios

	
	Scenario 1

(4/12)
	Scenario 2

(1/3)
	Scenario 3

(3/9)
	Scenario 4

(1/1)

	8PSK throughput per slot
	56 kbps
	49 kbps
	58 kbps
	44 kbps

	DSR throughput per slot
	99 kbps
	82 kbps
	110 kbps
	77 kbps

	Throughput gain
	1.8 x
	1.7 x
	1.9 x
	1.7 x


As conclusion DSR could provide 1.7 – 1.9 times higher average throughput in interference limited scenarios. At cell border the throughput gain was 54% at reuse 3/9. The IR performance would likely be improved, if dynamic link adaptation were applied in simulations.

9.5.6
Spectral efficiency

The spectral efficiency of DSR was estimated only for BCCH re-use 4/12 (Scenario 1) providing 522 kbit/s average throughput per cell. Thus applying Dual Symbol Rate at BCCH layer may be attractive option.   

Table 12 Spectral efficiency for Scenario 1 (BCCH 4/12)

	Modulation
	Spectral Efficiency

	8PSK
	124 kbits/s/MHz/Cell

	DSR
	219 kbits/s/MHz/Cell


By combining scenarios 1 and 3 it is possible to calculate cell level uplink throughput at 5MHz bandwidth, which is 916 kbit/s + 19.2 Erl voice.

9.5.7
Impact to voice users

Simulation results presented later in this paragraph are with random resource allocation e.g. without any DSR specific RRM optimisation. Simulations show that DSR has similar impact to voice quality as EDGE at lower data load and smaller impact than EDGE with higher data load.
Simulations are performed at the worst case scenario, at re-use 1/1, which has also the best statistical accuracy. Re-use 3/9 has perfect voice performance even at cell border, thus this interference model is not suited for determining impacts at 3/9 with sufficient confidence level. The same would apply also for BCCH scenario. 
Additionally possible DSR impact to voice users may be controlled by radio resource management, e.g.:  

· Allocating DSR in BCCH carrier as EGPRS is typically allocated and voice users in TCH carriers eliminates possible impact to voice users and provides 1.8 times higher spectral efficiency of BCCH UL as shown in scenario 1 in chapter 9.5.5.  Possible voice users allocated to BCCH may not likely be impacted due to sparse frequency re-use e.g. 12.  
· In synchronised BSS it is possible to allocate DSR synchronously to the same TCH radio slots to minimise possible impact. (FFS)

· In unsynchronised BSS it is possible to use different frequency reuse pattern or MA list or channel group for DSR to minimise possible impact.  
Editor’s note: comment that in i) this could lead to resource segregation and impact voice quality if voice has been allocated to BCCH layer

Editor’s note: comment that in iii) this would lead to different channel groups
The impact of DSR signal for voice users was studied by comparing FER of TCH/AFS5.9 with 8PSK and DSR interferes at interference scenario 4 (1/1 re-use). UL FER was also compared with DL SAIC FER to ensure that the assumption to have room for DSR interference is valid. Comparison has been made at 95% signal level for both UL and DL as shown in Figure 17.  Note that the load was 430 kbit/s in uplink with DSR, 220 kbit/s in downlink and voice load 19.2 Erl. 

The following findings can be listed:

· With similar UL cell throughput as in DL, DSR has similar impact to voice than EDGE 
· With 1.7 higher UL cell throughput DSR has smaller impact to voice than EDGE
· 
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Figure 17 TCH/AFS5.9 FER at re-use 1/1
Editor’s note: reuse 3/9 might be considered a more practical scenario
Table 13 Voice impact in UL due of DSR versus EDGE at 1% AFS5.9 FER
	Cell Load
	EDGE
	DSR
	DSR Gain

	250kbit/s
	-3.9 dB
	-3.5 dB
	-0.4 dB

	430kbit/s
	-1.6 dB
	-2.3 dB
	+0.7dB


9.5.8
Real Time service coverage

The coverage for real time data service was evaluated by using RLC un-ACK mode and next MCS exceeding 64 kbps with 2 uplink slots for both the EDGE and DSR resulting to 89.6kbit/s. At 0.1% target BLER the DSR gain was about 6.4dB.  It could be possible to develop optimised DSR coding schemes for real time.  
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Figure 18 BLER vs. RX level

9.6
Impacts to the mobile station

Dual symbol rate has small impact to terminal e.g. HW changes could be limited to the modulator. Linearity requirements e.g. due to peak to average ratio are similar as for 8PSK. Modulation spectrum mask at 800kHz offset may need to be optimised allowing reasonable transmitter efficiency. 

Encoding complexity of DSR is 2 times higher per timeslot than for 8PSK.

9.7
Impacts to the BSS

9.7.1
Impacts to the transceiver

The BTS receiver is required to have sufficient channel bandwidth and also should have sufficient processing power for double amount of uplink data. The sampling rate should be at least equal to the symbol rate.

9.7.1.1
Processing complexity

The complexity increase due to DSR varies depending on the type and architecture of used receiver and performance requirements for DSR. Next is characterised the complexity of the receiver used for DSR simulations.
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Table 14 Processing complexity estimation for dual symbol rate

	Function
	Processing demand relation to symbol rate (SR)
	Relative to EDGE

	Channel estimation 
	~ SR2
	4 x

	Pre-filtering
	~ SR2
	4 x

	Equalizer
	~ SR
	2 x

	De-coding
	~ SR
	2 x

	Total
	
	2 – 3 x



The channel estimate used in the simulated receiver has 11 taps i.e. about twice as much as in EDGE causing added complexity to the channel estimation and pre-filtering.  The amount of equalizer states is the same as for EDGE receiver, thus the equalizer complexity is doubled due to symbol rate.  The total complexity of inner receiver for DSR is about 3x higher than for EDGE.

The decoding complexity is 2 times higher per timeslot than for 8PSK due to doubled amount of bits. 

Total processing complexity of DSR is in order of 2-3 times higher than for EDGE i.e. up to 50% higher per bit. 

9.7.2
Impacts to the PCU

PCU needs to be able to handle double amount of bits per radio slot in uplink. Other impacts to the PCU are minimal e.g. related to the RLC/MAC and resource management. 

9.7.3
Impacts to the BSS radio network planning

Without any DSR specific RRM optimisation the DSR can be used for frequency reuses up to 1/1. IRC receiver can typically cope with increased UL interference and voice capacity is not decreased e.g. assuming existing networks employ MRC or have sufficient unused gain from IRC as shown in 9.5.5.  

Indeed it is possible to use DSR specific RRM as depicted in chapter 9.5.7.  

Possibly some considerations would be needed for edge channels of the operator band e.g. use of DSR/EGPRS is restricted at edge channels by punctured MA list. 

The dual symbol rate benefits from synchronised BSS for tightest frequency reuses, as does AMR with SAIC. 

It could be assumed that neighbouring base stations on the same band with DSR use interference rejection combining, and so would be robust against uplink interference from other cells.

Thus DSR does not need changes on the existing frequency planning and DSR may be enabled like any plug and play feature to the existing networks.

9.8
Impacts to the core network

No impacts. 

9.9 Impacts to the specification

The impacted 3GPP specifications are listed in table below.  

Table 15 Impacts to the 3GPP specifications 

	Specification
	Description

	43.064
	GPRS Stage 2

	44.018
	Radio Resource Control (RRC) protocol

	44.060
	Radio Link Control / Medium Access Control (RLC/MAC) protocol

	45.001
	Physical layer one radio path; general description

	45.002
	Multiplexing and multiple access on the radio path

	45.003
	Channel Coding 

	45.004
	Modulation

	45.005
	Radio Transmission and Reception

	45.008
	Radio subsystem link control


9.10
Possible enhancements

9.10.1
Dual Symbol Rate in downlink

The deployment of DSR in DL as well would need either high diversity terminal penetration or dedicated band and radio resources for DSR users. Both of these are pretty unrealistic in release 7 timeline. Indeed dual carrier offers already similar throughput gain in DL. 

9.11 Compliance to the objectives

Following tables summarise compliancy to the objectives given in 4.2 and 4.3.

Table 16 Compliance with performance objectives

	Objective
	Required value
	Evaluated result for DSR
	Compliance

	Spectrum efficiency/capacity gain
	> 50%
	80%
	Compliant

	Peak data rate increase
	100%
	100%
	Compliant

	Sensitivity increase in DL
	3 dB
	N.A.
	N.A.

	Mean bit rate increase at cell edges
	> 50%
	51- 57%(coverage) 

54% (interference)
	Compliant

	Initial RTT (=Idle RTT) 
	< 500 ms
	N.A.
	N.A.

	Active RTT
	< 150 ms
	N.A.
	N.A.

	In balance with RTT-bit rate-product and TCP window 
	N.A.
	4 DSR slots need about 150 ms RTT
	Compliant

	In balanced with downlink improvements
	N.A.
	DSR is a counterpart of dual carrier
	Compliant

	Mean improvements relative to peak improvement. 
	N.A.
	“Mean to peak improvement ratio” is > 0.85
	Compliant


Table 17 Compliance with compatibility objectives

	Objective
	Evaluated result for DSR
	Compliance

	Coexist with existing legacy frequency planning
	Applies to re-uses up to 1/1 (related to normal 200 kHz carrier). Only edge channels of operator band allocation need to be considered.
	Partially compliant 

	Multiplexing with legacy EGPRS
	Provides seamless UL multiplexing
	Compliant

	Avoid impacts on existing BTS, BSC and CN hardware (Upgradeable by SW only)
	TRX DSP complexity is 2 - 3 x higher and TRX/RX path needs sufficient bandwidth and sampling rate.
	FFS

	Be based on the existing network architecture
	
	Compliant

	Be applicable also for Dual Transfer Mode
	
	Compliant

	Be applicable for the A/Gb mode interface
	
	Compliant


9.12
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