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9
Dual symbol rate and modified dual symbol rate
9.1 Introduction

This paragraph proposes two alternative uplink concepts: Dual Symbol Rate (DSR) and Modified Dual Symbol Rate (MDSR) for Future GERAN evolution to double bitrates in uplink. DSR doubles the modulation rate in the transmitter of the mobile station and MDSR combines higher symbol rate (3/2) with 16QAM and optionally with QPSK. Both options offer about similar bit rates and performance in uplink e.g. 1.8-1.9 times higher average bit rates at coverage and 1.7-1.9 times higher bit rates at interference limited scenarios. 
The main benefit of MDSR is the narrower signal bandwidth of two 200 kHz GSM channels instead of three in the case of DSR. This could simplify dual transceiver implementation compared to DSR e.g. narrower channel filter may be applied and oscillators are not needed to tune out of 200 kHz channel raster.

The BTS receiver needs to cope with wider transmission bandwidth and could beneficially utilise the gain of interference rejection combining (IRC) for reception of dual symbol rate. The receiver complexity for DSR is about up to 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 and modified dual symbol rate double up link bit rates with minimal impact to mobile stations. The transmission bandwidth is widened and needs appropriate receiver in BTS. According to simulations both spectral efficiency and coverage can be enhanced significantly. With widened signal bandwidth it’s possible to utilise properties of interference rejection combining diversity receiver for both DSR/MDSR reception and also to provide additional robustness against wideband interference to normal 8PSK and GMSK reception.  

DSR or MDSR are likely not applicable in downlink until penetration of diversity MS’s employing IRC is high enough to cope with widened bandwidth as base stations do in uplink.

A communication link equipped with multiple transmit and receive antennas (~MIMO, Multiple Input Multiple Output) can achieve higher link data rates. DSR can be seen as a “Multi User”-MIMO system, where multiple users, with single transmitter antenna for each, share the same uplink band width with simultaneous signals received by BTSs equipped with diversity antennas to achieve better specral efficiency, as illustrated in Figure 1. 
Editor’s note: explain further MIMO description

[image: image1]
Figure 1 DSR is as a distributed MIMO scheme
9.2.1.1 Comparison with MIMO [7]
A MIMO receiver needs at least as many Rx antennas as there are data streams occupying the same timeslot and channel. With DSR, spatial multiplexing is proposed without ensuring that this MIMO requirement is fulfilled. A BTS has typically 2 Rx antennas, but there may be more than two data streams in a given timeslot and channel. For instance see Figure 5.

Moreover, the weighting coefficients of the two Rx antennas can only be set either for spatial filtering or for maximum ratio combining (MRC), but not for both at the same time. Hence, if the two Rx antennas are used for spatial filtering to separate a conventional GSM signal and a DSR signal which occupies the same channel, the two Rx antennas can no more be used to improve the SNR by MRC.

Since in MIMO the TX antennas are located on the same terminal, only the throughput of that single terminal suffers if spatial multiplexing fails (e.g. because of insufficient rank of the channel matrix),  whereas with this proposal, since the two transmit antennas are on different terminals, a DSR user can jam the uplink of another MS's voice call.
Chapter editor’s note: Voice impact is studied in 9.5.11.2.
9.2.1 Modulation

The Dual Symbol Rate could apply the existing 8PSK parameters excluding symbol rate and shaping filter. The Modified Dual Symbol Rate uses 16QAM modulation at 3/2 times higher symbol rate compared to GSM. QPSK is considered optionally for coverage extension. MDSR modulator could produce 100 kHz frequency offset to locate the MDSR carrier effectively in the middle of two GSM channels. The following table compares modulation parameters of 8PSK, DSR and MDSR.  The signal bandwidths of DSR and MDSR are compared with three and two 8PSK carriers respectively in Figure 2 and Figure 3.
Table 1 Modulation parameter comparison

	
	8PSK
	DSR
	MDSR

	Symbol Rate
	270 833 symbols/s
(13 MHz / 48)
	541 667 symbols/s
(13 MHz / 24)
	406 250 symbols/s
(13 MHz / 32)

	Modulation
	8PSK
	8PSK
	16QAM
	QPSK(optional)

	Rotation
	3π/8
	3π/8
	-
	π/4

	Shaping pulse
	Linearised Gaussian, BT=0.3
	Hanning windowed Root raised cosine, roll-off= 0.29, length = 7 symbol periods
	Hanning windowed Root Raised Cosine, roll-off = 0.29, length = 6 symbol periods

	Peak to Average Ratio (PAR)
	3.2 dB
	2.8 dB
	5.1 dB
	2.1 dB

	Frequency shift
	-
	-
	100 kHz
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Figure 2 DSR spectrum
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Figure 3  MDSR spectrum

9.2.2
Multiplexing

9.2.2.1
Burst format

In DSR burst one 8PSK modulated symbol corresponds to three Gray mapped bits as defined in 3GPP 45.004, chapter 3.2 Symbol mapping. In MDSR burst, one 16QAM modulated symbol corresponds to four Gray mapped bits, thus with 3/2 symbol rate MDSR burst carries double amount of bits (as in DSR) compared normal 8PSK. A particular bits within a timeslot are referenced by a bit number (BN), with the first bit being numbered 0, and the last (1/2) bit being numbered 937. The bits are mapped to symbols in ascending order according to 3GPP TS 45.004.The normal burst format has an equal structure in time with existing GMSK and 8PSK modulated normal bursts excluding 0.5 symbol longer tail symbol periods for MDSR as shown in Table 2. For optional QPSK the number of bits is the same as in EGPRS.  

Table 2 Normal burst format for DSR and MDSR
	DSR
	MDSR
	Contents

	Bit number
	Length in bits
	Length in DSR symbols
	Bit number
	Length in bits
	Length in MDSR symbols
	

	0 – 17
	18
	6
	0 – 19
	20
	5
	Tail bits

	18 – 365
	348
	116
	20 – 367
	348
	87
	Payload bits

	366 – 521
	156
	52
	368 – 523
	156
	39
	Training Sequence bits

	522 – 869
	348
	116
	525 – 871
	348
	87
	Payload bits

	870 – 887
	18
	6
	872 – 891
	20
	5
	Tail bits

	888 – 936.5
	49.5
	16.5
	892 – 936.5
	45.5
	11.375
	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. An example set of new sequences, based on exhaustive search, are proposed for DSR in Table 3. The training sequence bits and tail bits for MDSR are FFS.
Table 3 DSR Training sequence bits

	DSR TS number
	DSR training sequence bits, (BN366 – BN521)

	0
	111 111 111 111 001 001 111 111 111 001 001 001 111 111 001 001 001 001 001 001 111 111 111 001 111 001 111 001 001 111 111 001 111 111 111 111 001 111 111 001 111 001 001 001 111 001 001 111 001 001 001 001

	1
	111 111 111 111 001 111 111 001 001 111 001 111 111 111 001 001 001 001 001 001 111 001 001 111 001 001 001 111 001 111 111 001 111 111 111 111 001 001 111 111 001 111 001 111 111 001 001 111 001 111 001 111

	2
	111 111 001 001 111 001 111 001 111 111 111 001 001 111 001 111 001 001 111 111 001 111 001 111 001 111 111 001 001 111 111 111 111 111 001 001 111 111 111 111 111 111 111 001 001 001 001 001 001 001 111 111

	3
	111 111 001 001 111 111 111 111 111 111 001 001 001 111 001 111 001 111 111 001 001 001 001 001 111 111 001 111 111 111 111 111 111 001 001 111 111 001 111 001 111 111 001 001 001 001 001 001 001 111 111 001

	4
	111 111 111 001 111 111 001 111 001 111 111 001 001 111 111 001 001 001 001 111 001 111 111 111 111 111 001 001 111 111 111 001 111 001 111 111 111 111 001 111 001 001 111 111 001 111 111 111 001 111 001 111

	5
	111 111 001 001 111 111 111 001 001 001 001 001 001 001 111 001 001 111 111 111 001 001 001 111 111 111 111 001 111 001 111 001 111 111 001 111 111 001 111 111 001 001 001 111 001 111 111 111 001 111 111 111

	6
	001 111 111 001 001 001 111 001 111 111 001 001 001 001 001 001 001 001 001 111 111 111 001 001 001 111 111 001 111 001 111 001 001 001 111 111 001 111 111 001 111 111 001 111 001 111 001 001 001 111 001 001

	7
	001 111 001 111 001 001 111 111 001 001 001 111 001 001 001 001 111 111 111 111 111 001 001 001 111 001 111 001 001 001 111 001 001 111 001 111 001 001 111 001 001 001 001 001 001 111 001 001 111 111 111 001


The tails (6 symbols each) are defined as modulating bits same as for 8PSK with the following states:

(BN0, BN1 .. BN17) 
= (1,1,1; 1,1,1; 1,1,1; 1,1,1; 1,1,1; 1,1,1)

(BN870, BN871 .. BN887) 
= (1,1,1; 1,1,1; 1,1,1; 1,1,1; 1,1,1; 1,1,1)

9.2.2.2
Blind symbol rate and modulation detection

A BSS needs to detect which symbol rate and modulation were used in the received burst. Detection may be enabled by orthogonal training sequences as in blind modulation detection between 8PSK and GMSK modulations as illustrated fin Figure 4. 
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Figure 4 Illustration of blind symbol rate and modulation detection for received burst

Editor’s note:
Clarify: impact of wideband interference to modulation detection and wideband noise to tx and rx band

Provide more detail on blind detection of symbol rate and to filter implementation
Next, a simple procedure to perform channel estimation for each modulation and symbol rate option is presented shortly. 

The received signal is presented by linear model y=Xh+n. Narrowband channel filtering and rotation can be presented by multiplications of matrices G and R, respectively. Thus LS estimator for each channel can be expressed in form of 

h = Py, where P = (XHGHGX)-1XHGHRH and is pre-calculated for each modulation and training sequence.
Thus further narrow band channel filtering, and also symbol rotation can be incorporated to the channel estimator. For MDSR the frequency offset could also be included.
Performance of blind detection is FFS.   
9.2.2.3
Multi slot classes

Current 8PSK multi slot classes or DTM multi slot classes should apply for DSR and MDSR. 

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 DSR or MDSR blocks. 

Table 4 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. Optional QPSK schemes are similar to existing EGPRS schemes except to the modulation and symbol rate.
Table 4 DSR and MDSR modulation and coding schemes

	MCS
DSR / MDSR
	Family
	Modulation
DSR / MDSR
	FEC
	RLC Blocks [Bytes]
	Interleaving

[Bursts]
	Bit rate

[bit/s]

	DCS-5 / MDCS-5
	B
	8PSK / 16QAM
	0.35 - 0.38
	2 x 56
	4
	44 800

	DCS-6 / MDCS-6
	A
	8PSK / 16QAM
	0.45 - 0.49
	2 x 74
	4
	59 200

	DCS-7 / MDCS-7
	B
	8PSK / 16QAM
	0.70 - 0.76
	4 x 56
	4
	89 600

	DCS-8 / MDCS-8
	A
	8PSK / 16QAM
	0.85 - 0.92
	4 x 68
	1 or 2
	108 800

	DCS-9 / MDCS-9
	A
	8PSK / 16QAM
	0.92 - 1.00
	4 x 74
	1
	118 400


9.2.4
RLC/MAC 

The RLC/MAC header need to carry information of 4 RLC blocks thus new header type is needed, but the EGPRS uplink RLC/MAC header type-1 could be re-used for 2 lowest DSR MCSs, without adding new bytes. Three highest DSR MCSs carrying 4 blocks would need the following additions to the EGPRS uplink RLC/MAC header type-1:

· 2 octets to indicate block sequence numbers (BSN3, BSN4) 

· 5 bits to enhance Coding and Puncturing Scheme indicator field (CPS). 

Editor’s note: clarification needed on the detection of new header type

In downlink, EGPRS MCS IE needs to be enhanced by 1 bit to carry also DSR MCSes. 

The DSR do 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 for MCS selection for retransmission with and without re-segmentation enabling incremental redundancy and ensuring optimal performance. 
The same RLC/MAC changes required for DSR applies also for MDSR, but impact of optional QPSK is FFS.
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 for DSR 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 for DSR with a note of different symbol rate and shaping filter. EVM for MDSR is FFS.
9.2.2.3
Power vs. time

No major changes are expected for DSR, since PAR is similar with current 8PSK and burst structure is specified according to the current 8PSK modulated normal burst. Due to the shaping filtering the lower limit during random data symbols may need to be removed due to possible zero crossings. PVT for MDSR is FFS. 

Editor’s note: clarification needed on the impact of modulation zero crossings to the transmitter EVM

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 for DSR and 100kHz for MDSR and relative amplitude normalized to correspond 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

Channel filtering of BTS transceiver is assumed to meet existing blocking characteristics for GMSK despite being wide enough to pass through DSR or MDSR signal.

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, if not otherwise stated. 

9.3.3
Simulation approach for interference modelling

As seen in Figure 2 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 5. 

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 5 Spectral snapshot from simulated UL interferences at cell border for DSR


	
	

	
	

	
	

	
	


	
	



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 5 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


Table 6 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)


9.4.2
Network interference statistics 

In Figure 6, Figure 7, Figure 8 and Figure 9 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 8

. Note that probabilities for the 1st adjacent apply also for the 2nd adjacent interferer.
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Figure 6 4/12 co-channel I level cdf
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Figure 7 4/12 adjacent channel I level cdf
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Figure 8 1/3 co-channel I levels
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Figure 9 1/3 adjacent channel I levels

Table 7 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 8 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 11 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 DSR.  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 10.

The existing 8PSK spectrum mask was shifted by 200 kHz for DSR 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 10 Simulated spectrum due to modulation for 8PSK
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Figure 11 Simulated spectrum due to modulation for dual symbol rate

Figure 2 shows simulated example of spectrum due to modulation for MDSR 16PSK with the same PA model as used for DSR, but 2dB higher output back-off. The existing 8PSK spectrum mask was shifted by 100 kHz and is plotted as a reference. 
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Figure 12 Simulated spectrum due to modulation for MDSR (16QAM)

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 11. 

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 9. 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 9 Adjacent channel powers to GSM/EDGE uplink for DSR
	
	Offset

	
	400 kHz
	600 kHz
	800 kHz
	1000 kHz
	1200 kHz
	1400 kHz
	2000 kHz
	1800 kHz
	2000 kHz
	2200 kHz
	2400 kHz

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

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

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


The used guard band used between operators depends on regulatory requirements and possible agreements and typically does not exist or is single 200 kHz 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 200 kHz guard band adjacent to WCDMA. 

Table 10 Adjacent channel power to WCDMA uplink at 2700 kHz offset for DSR
	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
The DSR and MDSR 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

	Power decrease for 16PSK related to GMSK
	6 dB at highest powrer, 

4 dB at lower levels

	Power decrease for QPSK related to GMSK
	2 dB

	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.

Throughput versus received signal level is depicted in Figure 12 for 8PSK with and without IRC and for DSR with and without incremental redundancy at TU3iFH conditions and in Figure 14 for GMSK, EGPRS, DSR, MDSR including QPSK at TU3iFH conditions. 5dB noise figure was assumed for BTS receiver, but no other impairments.
 Table 11 shows throughputs and throughput gains with maximum multi slot power reduction for 1 - 4 uplink slots by using –98 dBm as a median level and -109 dBm at cell edge.for single slot. The DSR could have one MCS more below DCS-5, which may improve the throughput gain at cell border. 16QAM used additional 2dB power reduction for single slot case only.
MDSR seems to provide about 1.7- 1.9 times higher average throughput than EGPRS. At cell edge 16-QAM can not provide coverage gain, but with QPSK the throughput with single slot is 1.9 times higher than with EGPRS, although average gain of QPSK is not significant.
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 has a bit relaxed bandwidth compared to the existing linearised GMSK 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 13 Throughput at coverage scenario TU3iFH
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Figure 14 Throughput versus received signal level, TU3iFH, NF=5dB

Table 11 Throughputs with maximum multi slot power reduction at TU3iFH

	
	Cell border 
	Average

	Number of time slots
	1 slot
	1 slot
	2 slots
	3 slots
	4 slots

	Multi slot power reduction 
	0 dB
	0 dB
	3 dB
	4.8 dB
	6 dB

	Power reduction for 16QAM
	2 dB
	2 dB
	0 dB
	0 dB
	0 dB

	EGPRS
	15 kbps
	44 kbps
	74 kbps
	95 kbps
	117 kbps

	DSR
	22 kbps
	84 kbps
	139 kbps
	178 kbps
	216 kbps

	MDSR (without QPSK)
	5 kbps
	70 kbps
	131 kbps
	168 kbps
	200 kbps

	MDSR (with QPSK)
	29 kbps
	73 kbps
	135 kbps
	178 kbps
	215 kbps

	DSR gain
	1.5 x
	1.9 x
	1.9 x
	1.9 x
	1.9 x

	MDSR gain (without / with QPSK)
	- / 1.9 x
	1.6 / 1.7 x
	1.8 / 1.8 x
	1.8 / 1.9 x
	1.7 / 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 15 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 14, Figure 15, Figure 16 and Figure 17. Vertical lines mark 95% and 50% signal levels.  Figure 18 summarises average throughputs at different system scenarios.
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Figure 16 Throughput at scenario 1 (4/12)
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Figure 17 Throughput at Scenario 2 (1/3)
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Figure 18 Throughput at Scenario 3 (3/9)
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Figure 19 Throughput at Scenario 4 (1/1) 
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Figure 20 Average throughputs per time slot

Table 12 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 13 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 2 it is possible to calculate cell level uplink throughput at 5MHz bandwidth, which is 916 kbit/s + 19.2 Erl voice.

Spectral efficiency analysis in mixed data and voice scenarios is FFS.

9.5.7
Impact to voice users with 1/1 re-use

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 possibly already 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.  

· DSR power control e.g. lowering DSR power by 2 dB may ensure no impacts to voice quality or signalling performance. 

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 19.  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 at cell border:

· 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 0.7 dB smaller impact to voice than EDGE
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Figure 21 TCH/AFS5.9 FER at re-use 1/1

Table 14 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
Impact to voice users C/I distribution with 1/3 re-use [3]  

The wider frequency spectrum of DSR will spread interference over a larger frequency range an increased interference on neighbouring channels. This is shown in Figure 11 and Table 15. The interference in the adjacent channel is just about 1 dB less than in the centre channel. 

	Frequency offset [kHz]
	-290 to –110
	-90 to 90
	110 to 290

	Energy distribution DSR [dB]
	-5.05
	-3.91
	-5.05


Table 15. Power distribution over 3 channels (1st lower adjacent channel, co-channel and 1st upper adjacent channel) measured with 180 kHz rectangular filter.

While this will not increase the total amount of emitted interference in the system (assuming that a DSR terminal uses the same transmit power as an EGPRS terminal), the interference will be distributed differently for DSR than for EGPRS. Since network frequency planning is optimised for regular 200 kHz GSM/EDGE carriers, the received interference levels may despite this be different in the two cases. 

9.5.8.1
Simulation results for uplink

In order to investigate this effect, system simulations have been run. A mixed traffic scenario with 80% speech traffic and 20% data traffic was considered. The simulation parameters are summarised in Table 16.

	Parameter
	Value

	Reuse
	1/3

	Traffic mix
	80% speech, 20% data

data is EGPRS

data is DSR

	Power control
	Yes (for speech)

	DTX
	Yes (for speech)

	Frequency load
	10% and 20%

	Receive diversity
	IRC


Table 16. Summary of system simulation parameters.

The impact on uplink carrier-to-interference ratio (C/I) is shown in Figure 20. The C/I for the speech users is 1 to 2 dB lower in the DSR case with 1.7x higher throughput than in the EGPRS case. 
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Figure 22. Uplink C/I distributions (left y-axis). Also, the C/I difference is shown for the two cases (right y-axis).

The difference is caused by a blurred reuse in the DSR case. In an ordinary 1/3-reuse (as well as in a 1-reuse with MAIO planning), only adjacent channel interferers appear in the closest surrounding cells. If these are EDGE interferers, most of their energy will be in the adjacent channel and the receiver filter in the BTS will suppress it. In the DSR case however, the adjacent channel interferer will have a large part of its energy in the desired band (of the speech user) and the receiver filter in the BTS will not suppress it.  

9.5.9
Uplink/downlink balance [3]
It is earlier assumed that a degradation of uplink speech performance is not a problem, since the downlink performance is anyway limiting the overall performance. While this may be true in some scenarios, it is not always the case.

For instance, shadowing from buildings and other obstacles will impact the uplink-downlink balance. The effect of shadow fading is that the received signal strength will vary with the position of the receiver, the transmitters of the desired signal and interferers, and obstacles such as buildings. While the desired signal will be impacted equally in uplink and downlink by shadow fading, the interferers will not, since they do not originate from the same source (uplink interference from terminals, downlink interference from base stations).

One particular, but very relevant, example of this is indoor coverage, as illustrated in Figure 21. The speech user is located in a building and connected to a macro-cell outside the building. Other interfering users are located elsewhere, outside the building. The building will attenuate the desired signal (uplink and downlink) by, say, 10 dB. The downlink interference coming from other base stations outside the building will be attenuated by the same amount. Therefore, the downlink C/I will not be impacted by the building. The uplink interference, on the other hand, coming from terminals outside the building, will not be attenuated. Therefore, the uplink C/I will be reduced by 10 dB. The consequence is that the indoor speech performance may be limited by the uplink, not the downlink.
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Figure 23. Indoor/outdoor interference scenario.

To conclude, the increased interference levels due to DSR interference may degrade speech performance in some scenarios and areas, in particular indoors. On the other hand IRC can effectively reject the most dominant interferer, thus impact may be negligible in typical scenarios where most of users are in indoor locations e.g. 80% (FFS). 

9.5.10
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.  

[image: image24.wmf]-110

-108

-106

-104

-102

-100

-98

-96

-94

-92

-90

10

-4

10

-3

10

-2

10

-1

10

0

Received Signal Level [dBm]

BLER

BLER versus RX Level, 89.6kbps, Receiver NF=5dB, No impairments

95%

50%

EDGE ( 2 x MCS7 )

Dual Symbol Rate ( 2 x DCS5 )


Figure 24 BLER vs. RX level

9.5.11 DSR and Speech Performance in Legacy MRC Network
Editor’s note:clarifications needed on 

rx filter BWs assumed in the simulations

antenna diversity modelling

simulated system scenarios

differences in interference statistics between data and voice

Dual Symbol Rate performance in mixed voice and data interference scenario, with Interference Rejection Combining (IRC) in all the BTS receivers show 1.7-1.9 fold data capacity gain in uplink. In this section DSR performance is evaluated assuming legacy Maximum Ratio Combining (MRC) receivers for voice time slots in uplink and data time slots use IRC. So results would reflect the initial deployment case of DSR to the legacy GSM network.

In the presented simulations, the DSR transmitter power was adjusted by dynamic system simulator so that the same UL speech performance was achieved in both EGPRS and DSR cases i.e. DSR impact to voice was cleared out by DSR power control. Burst level information from system level simulator was collected separately for EGPRS and DSR, making simulation results more reliable.

9.5.11.1
DSR interference model for system simulation

Used dynamic system simulator calculates total received interference (for C/I definition) as a sum of co- and first adjacent channel interference levels through a reference, 180 kHz wide, RX filter, which provides 18dB  adjacent channel attenuation for EGPRS and GMSK interferers. 

In the case of DSR interferer co-channel attenuation was 4.7 dB and adjacent channel attenuation 5.7 dB related to total DSR signal power. Impact of the second adjacent interferer (21.3 dB) was found to be negligible for the voice performance. The attenuation values of RX filter are also shown in Table 17.

Table 17 Attenuation due to a reference RX channel filtering for EGPRS and DSR

	Channel

Offset
	Attenuation due to channel filtering

	
	EGPRS
	DSR

	0 kHz
	0
	4.7 dB

	+/-200 kHz
	18 dB
	5.7 dB


9.5.11.2
UL speech performance in legacy MRC network  

Dynamic system simulations were run with the frequency reuse of 1/3, which is basically the same as the DSR scenario 2. 

At first, the reference EGPRS simulation was run (20% EGPRS FTP data and 80% AMR 5.9kbit/s voice). Speech service quality was evaluated with the following criteria: 

· Relative number of bad quality connections (connection average FER > 1%)

· Relative number of bad quality samples (FER > 4% measured for 2 seconds samples)

· Network level total average FER 

· Network level average UL TX power

DSR simulation was first run with the exactly same power control parameters as used for EGPRS and with 2dB and 4dB lower power. Figure 23 presents network speech quality in terms of bad quality connections for different simulations. It is seen that without DSR power reduction the number of bad quality speech connections is slightly increased compared to reference EGPRS simulation. However, already 2 dB power reduction was enough to maintain speech performance at the reference level. 

Table 18 presents required DSR power reduction values for all the examined speech quality criteria. It is seen that 2 dB power reduction was enough for all used criteria. Therefore, 2 dB power reduction was selected for the DSR data capacity evaluation. Required 2 dB power reduction is also in line with the C/I results presented in section 9.5.8.1,  where it was found out that network C/I distribution increased about 1 – 2 dB due to DSR. 
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Figure 25 Percentage of bad quality voice calls for EGPRS and DSR with power offsets.

Table 18 DSR TX power reduction required to maintain reference voice quality for different quality criteria.

	Criteria
	Power offset for DSR

	Relative number of bad calls
	-0.5 dB

	Network average FER
	-2 dB

	Relative number of bad FER samples (2 s. period)
	-1 dB

	Average UL TX power
	-2 dB


9.5.11.3
DSR performance in legacy MRC network

EGPRS and DSR data throughputs were studied with link level simulations based on recorded bursts resulting similar voice performance i.e. DSR TX power was limited by 2 dB. Median interference level and variance for 3 strongest co-channel interference levels and 2 strongest adjacent-channel interference levels are shown in Table 19 and Table 20. DSR TX power reduction is clearly seen in data interference levels. Strongest co-channel DSR interference is about 2.3dB lower compared to strongest EGPRS interference. The difference between voice and data statistics is mainly due to quality based power control applied for voice.
Table 19 Interference statistics for voice 

	 
	DSR median 
	DSR variance
	EDGE median
	EDGE variance
	Difference in median levels

	Co1
	-104.1
	81.8
	-103.8
	77.3
	0.3

	Co2
	-110.9
	30.2
	-110.1
	30.4
	0.7

	Co3
	-113.6
	18.4
	-112.8
	21.9
	0.9

	Adj1
	-100.6
	82.1
	-99.8
	82.4
	0.8

	Adj2
	-107.9
	44.2
	-107.6
	47.1
	0.3


Table 20 Interference statistics for data

	 
	DSR median 
	DSR variance
	EDGE median
	EDGE variance
	Difference in median levels

	Co1
	-104.9
	44.4
	-102.6
	40.3
	2.3

	Co2
	-110. 5
	30.1
	-108.0
	28.8
	2.4

	Co3
	-113.6
	18.4
	-112.8
	21.9
	0.9

	Adj1
	-99.2
	72.8
	-97.9
	81.6
	1.3

	Adj2
	-107.1
	44.1
	-105.7
	54.1
	1.4


Throughput versus received signal level is depicted in Figure 24. 95% signal level at the cell border is -88 dBm for EGPRS and -90 dBm for DSR. The DSR, with 2dB lower power, achieves 29% better throughout at the capacity limited cell border than EGPRS (34 kbit/s for EGPRS and 44 kbit/s for DSR). It is expected that by more intelligent power control than just fixed 2dB offset, the throughput gain at cell border could be in order of 50%.

The cell level throughput values for EGPRS and DSR is presented in Figure 25. DSR achieves 1.7 x higher data capacity compared to EGPRS. 
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Figure 26 Throughput per TSL for DSR and EGPRS for reuse 1/3
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Figure 27 TCH layer (2.4MHz) throughput for 1/3 reuse, with average 4.5 time slots for data and 19 Erls voice traffic load. 

9.5.11.4
Conclusion

Voice performance simulations at 1/3 reuse presented in this study showed that 2 dB DSR power reduction was enough to maintain reference voice quality for legacy MRC transceivers. At that 2dB lower power level, the DSR performance simulations showed 72% increase in throughput per time slot and per cell at FH layer. 

Similar gains are assumed for DSR data in case of non-synchronized networks with 1/3 re-use because interference from adjacent sectors of the same site is dominating. Moreover, speech performance is about the same with and without network synchronization for the legacy MRC base stations.

Editor’s note:

Clarification needed regarding this conclusion for other re-use scenarios

The 1/3 re-use was found to be the worst of the simulated cases for voice and 2dB power reduction was found to be sufficient to maintain the same voice quality with EGPRS. Thus with sparser frequency re-uses e.g. 3/9 and 4/12 the required power reduction may need to be likely lower.
Presented results showed that DSR achieves significant capacity gains even in the case of legacy networks. The result can be understood by noting that DSR does not increase the total interference in the network, but makes interference distribution different. With the simple power control the total interference sum is very similar compared to EGPRS case. Hence, legacy MRC transceivers can cope with DSR interference without voice quality impact making DSR deployment fluent to the legacy GSM network.
9.5.12
Impacts to the signalling

As shown in 9.5.11, the DSR power control can be used to remove voice impacts due to DSR, thus it’s expected that the same would apply also for signalling.
 9.5.13
MDSR performance at interference  scenario 2

9.5.13.1
Modelling assumptions and requirements

The modelling assumptions were the same as for DSR, excluding the following:

· MS use 2dB lower maximum power for 16QAM.

· Spectral properties, e.g., adjacent channel power levels of MDSR, were taken into account.

9.5.13.2
System level model

The system model and simulation approaches were the same as for DSR in purpose of compare MDSR to DSR.  Only 1/3 re-use (the scenario 2) was studied assuming MRC for voice as in chapter 9.5.11. Power control was applied for MDSR so that voice performance is not reduced but rather improved related to EGPRS. 

Two different MDSR loads were simulated:

· The same amount of timeslots as in EGPRS, to study cell capacity

· The same cell throughput as in EGPRS, to study data rates at cell border  

Used dynamic system simulator calculates total received interference (for C/I definition) as a sum of co- and first adjacent channel interference levels through reference, 180 kHz wide RX filter. The attenuation values of RX filter for MDSR and EGPRS are shown in Table 4. 

Table 21 Attenuation due to reference RX channel filtering for EGPRS, DSR and MDSR

	Channel

Offset
	Attenuation due to channel filtering

	
	EGPRS
	DSR
	MDSR ( +100 kHz)

	0 kHz
	0 dB
	4.7 dB
	3.7 dB

	+200 kHz
	18 dB
	5.7 dB
	3.7 dB

	-200 kHz
	18 dB
	5.7 dB
	16 dB

	+400 kHz
	47 dB
	21 dB
	16 dB


9.5.13.3
Performance at interference scenario 2
Throughputs versus signal level at interference limited scenario are shown in Figure 4. The following MDSR power control scheme was used to maintain the same or better voice quality than with EGPRS: 

· Maximum MDSR power was 2dB lower than EGPRS or DSR due to increased PAR 

· 4 dB power reduction related to EGPRS UL power control was applied at uplink levels higher than 86dBm. 

Due to difference in power control the cell edge and average levels are not the same for EGPRS, DSR and MDSR as shown in Table 6. 
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Figure 28 Throughput versus signal level at scenario 2 (1/3)

Table 22 Summary for interference scenario 2

	
	EGPRS
	DSR *)
	MDSR *)
	MDSR **)

	Cell edge level  
	88 dBm
	89 dBm
	90 dBm
	90 dBm

	Median level
	80 dBm
	82 dBm
	82 dBm
	82 dBm

	Throughput per slot at cell edge
	30 kbps
	42 kbps
	43 kbps
	51 kbps

	Average throughput per slot
	50 kbps
	77 kbps
	79 kbps
	86 kbps

	Throughput gain at cell edge
	-
	40%
	43%
	67%

	Average cell throughput gain
	-
	1.6 x
	1.6 x
	1 x



*) the same amount time slots for data as in EGPRS and equal voice quality

**) the same cell throughput as for EGPRS and improved voice quality

As conclusion MDSR provided 1.6 times higher average cell throughput i.e. spectral efficiency with 1/3 re-use in interference limited scenario. At cell border the throughput gain was 67%.
9.6
Impacts to the mobile station

9.6.1
DSR

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 800 kHz offset may need to be optimised allowing reasonable transmitter efficiency. 

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

Switching between DSR and voice would be about similar than between GMSK and 8PSK today. Doubling the modulation rate is likely quite straightforward e.g. basic GSM clock 13MHz is divided by 24 instead of 48, i.e. integer divider can be used. Existing guard band is sufficient for switching because length of shaping filter is not longer in time than that used for GMSK or 8PSK. 
With DSR, the DAC would have to run at a higher sampling rate which would require a wider filter after the DAC. The wider Tx filter would in turn increase the Tx noise power. [7]
Note: The impact of the higher Tx noise power on wide band noise and spurious emissions needs to be investigated.[7]
9.6.2
MDSR
MDSR has small impact to terminal e.g. HW changes could be limited to the modulator. Generation of 100 kHz offset is considered to be done by the modulator on burst basis thus additional synthesizer settling time is not needed for it. Linearity requirements, e.g., due to peak to average ratio are a bit higher than for 8PSK. Encoding complexity of MDSR is 2 times higher per timeslot than for 8PSK, i.e., the same as for DSR.

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. So DSR is not compatible with all legacy BTS hardware. 
9.7.1.1
Two transceiver implementation for DSR
The secondary BTS transceiver implementation option may be based on the use of pair of legacy transceivers instead of one. This option utilises half band sampling where sampling rate can be half of DSR symbol rate and channel filter half of the BW of DSR i.e. like in EDGE. Indeed it’s possible to share the DSP processing load over 2 transceivers for both equalizing and decoding and utilize Abis links of both transceivers. The main requirement in this option is to have inter-transceiver communication capability, almost similar to inter carrier interleaving, to share samples and detected soft-bits between 2 transceivers and possibility to tune receivers to offset from wanted DSR channel frequency.  The radio performance would be similar to single transceiver option.   
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Figure 29 Optional DSR receiver implementation with pair of transceivers
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Figure 30 – TRX reconfiguration for DSR receiver synthesis [8].

9.7.1.1.1
Performance impact of two TRX implementation [6]
Uncoded DSR performance has been evaluated by simulations. A conventional DSR receiver is compared to a two TRX receiver. The DSR equalizer has the following characteristics.

· 11 channel taps

· Synchronization window that handles time offsets comparable to the EDGE 8PSK equalizer

· DFSE equaliser with 2 MLSE taps

Impact of decreased receiver bandwidth

With a two TRX receiver, the signal is received through two separate receiver filters, each having a bandwidth optimised for a conventional GSM/EDGE carrier. Since a DSR signal has a bandwidth of 540 kHz, two GSM/EDGE receiver filters typically cannot receive the entire signal. In the simulations, the two receivers are assumed to be separated by 200 kHz and to have a filter bandwidth of 240 kHz each. This gives a total received bandwidth of 440 kHz. It is assumed that the signal can be perfectly reconstructed within this bandwidth from the two composite signals. Figure 30 shows the effect of the decreased bandwidth. This gives a lower bound on the losses due to bandwidth for a 2 TRX DSR receiver. The loss is at least 1 dB.
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Figure 31. Performance loss due to limited receiver bandwidth

Impact of other analogue components

When two receivers are used to receive one wideband signal, a tight match of the analogue components of the two receivers is essential; otherwise the reconstructed signal will be distorted. The analogue parts of a GSM/EDGE receiver are designed for optimal reception of a single GSM/EDGE carrier and the tolerances of components are chosen to meet this requirement. With two receivers, deviations will be added, which may have an impact of the receiver performance.

One aspect of this was investigated by simulations. It was found that a loss of at least 2 dB (compared to a single TRX solution) can be expected due to this, with a catastrophic behaviour if the tolerances are exceeded. Other aspects that may further degrade performance are for further study.

NOTE: This section is deliberately vague to avoid revealing implementation-specific details of the BTS architecture.
Conclusion

Some implementation aspects of the proposed two TRX receivers for Dual Symbol Rate have been investigated. By means of simulations, it was found that a link performance loss of at least 1 dB (compared to a single TRX solution) can be expected due to limited receiver filter bandwidth. An additional loss of at least 2 dB is caused by other components of the analogue (RF) parts of a GSM/EDGE receiver. Thus, the loss compared to a wideband single-TRX DSR receiver is at least 3 dB.

It should be noted that other limitations, not covered in this contribution, may further degrade performance or even make implementation of a two TRX DSR receiver impossible, depending on the BTS architecture.

A two TRX implementation of a DSR receiver is therefore not considered feasible for the evaluated BTS architecture.
9.7.1.2
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 23 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.
9.7.1.2.1 Evaluation of receiver complexity [9]
Above it stated that the receiver complexity for DSR is about up to 50% higher per bit under the condition that the simulated receiver has 11 taps. We think the complexity is different for different propagation models. For TU channel model, the maximum RMS delay is 5.0 μs, its influence to the taps number of channel estimation is smaller than the influence which the shaping pulse filter creates. So when the symbol rate doubles, the receiver taps number is nearly unchanged. But the max RMS delay of HT channel model is 20.0μs which will influence the receiver taps number more seriously than the shaping pulse filter dose, so the simulated receiver has 11 taps, some parameters of pre-filtering is also enlarged to make the complexity of pre-filtering about twice as much as in ordinary 8-PSK. 
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Figure 32 Influence of DSR receiver taps number in TU50 using single antenna 
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Figure 33 Influence of DSR receiver taps number in HT100 using single antenna
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Figure 34 Influence of DSR receiver taps number in TU50 at single interference scenario using two antennas 
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Figure 35 Influence of DSR receiver taps number in TU50 at SAIC interference scenario using two antennas 


For convenience, only pay attention to the BER performance. Figure 32 shows the performance of 8-PSK with 6 taps and performance of DSR with taps equal to 6, 8 and 11 in TU50. It’s obvious that the performance of DSR with 6 taps is best, just like analysed above. Figure 33 shows that in HT100 using 11 taps cause best performance, and as the number of taps decreases, the performance decreases quickly. 

To show the inapplicability of 11 taps in TU50 more clearly, the influence of taps number using two antennas IRC/MRC is also presented, see Figure 34 and Figure 35. The performance shows that the influence of taps number is more sensitive when two antennas IRC is used. At high CIR level, performance of 11 taps is very bad and is almost near the performance limit, because 11 taps have exceeded the estimated TU channel length which is about 8T, and longer taps will introduce more noise. Table 24 will show the CIR gain(at BER=4%) using 6 taps against 11 taps at different scenarios.

Table 24 performance gain using 6 taps against 11 taps in TU50 at interference scenarios

	Scenarios
	Single interference

 IRC
	Single interference MRC
	SAIC interference

 IRC
	SAIC interference MRC

	Gain
	2dB
	2dB
	2.5dB
	2dB


In summary, for TU channel model the receiver complexity for DSR is as same as for EDGE receiver per bit, and for HT channel model the receiver complexity for DSR is about 50% higher per bit because the complexity of channel estimation and pre-filtering double.
Table 25 complexity estimation for DSR in TU and HT channel model

	Function
	Relative to EDGE in TU

(per bit)
	Relative to EDGE in HT

(per bit)

	Channel estimation
	1
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	Pre-filtering
	1
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	Equalizer
	1
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	De-coding
	1
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	Total
	1
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9.7.1.3
MDSR impacts to the transceiver

In simulations a Frequency Domain MMSE equalizer was used. The channel estimate used in the simulated receiver has 9 taps i.e. about 1.5 times as much as in EDGE. The decoding complexity is 2 times higher per timeslot than for 8PSK due to doubled amount of bits. Total processing complexity of MDSR is in order of 2 times higher than for EDGE. Thus it is not increased per bit.

The MDSR may also use two transceiver implementation proposed in [1] with the following changes:

· No need to tune receivers out of 200 kHz raster 

· Narrow reference channel filtering is sufficient

Sampling rate conversion related symbol rate needs to be considered in DSP.
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 e.g. power control as depicted in chapter 9.5.7, to ensure no impact to voice quality with legacy MRC transceivers.   

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 , i.e. the applicable MA list will depend of the service. 
With the new punctured MA list, there will be collisions in the used frequencies in the hopping patterns because of unequal number of hopping frequencies in the hopping lists.[7]
The dual symbol rate benefits from synchronised BSS for tightest frequency reuses, as does AMR with SAIC. 

Performance in asynchronous networks is FFS. It could be assumed that DSR power control can be optimised for asynchronous networks as well.    

Neighbouring base stations on the same band with DSR should preferably use interference rejection combining, and so would be more robust against uplink interference from other cells. This may not be possible by all legacy transceivers, e.g. MRC receivers thus RRM e.g. power control may be used to cope with it.

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 26 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 27 Compliance with performance objectives for DSR
	Objective
	Required value
	Evaluated result for DSR
	Compliance

	Spectrum efficiency/capacity gain
	> 50%
	80% for data (in BCCH scenario)
	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% (3/9 reuse scenario)
	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 28 Compliance with performance objectives for MDSR
	Objective
	Required value
	Evaluated result for DSR
	Compliance

	Spectrum efficiency/capacity gain
	> 50%
	60% for data (in 1/3 scenario)
	Compliant

	Peak data rate increase
	100%
	100%
	Compliant

	Mean bit rate increase at cell edges
	> 50%
	90% (coverage limited) 

67% (capacity limited)
	Compliant


Table 29 Compliance with compatibility objectives for DSR
	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
	The DSR/GMSK switching can be performed within guard period.
	Compliant

	Be applicable for the A/Gb mode interface
	
	Compliant


Table 30 Compliance with compatibility objectives for MDSR
	Objective
	Evaluated result for DSR
	Compliance

	Coexist with existing legacy frequency planning
	1/3 evaluated
	Compliant 

	Multiplexing with legacy EGPRS
	Provides seamless UL multiplexing and incremental redundancy with EGPRS.
	Compliant

	Avoid impacts on existing BTS, BSC and CN hardware (Upgradeable by SW only)
	TRX DSP complexity is 2 times higher and 2 TRX option can be used. 
	Compliant

	Be based on the existing network architecture
	
	Compliant

	Be applicable also for Dual Transfer Mode
	The DSR/GMSK switching can be performed within guard period.
	Compliant

	Be applicable for the A/Gb mode interface
	
	Compliant
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�Clarified in 9.5.11.1


�Clarified in 9.3.2 BTS receiver modelling





�Clarified in 9.5.11.3 DSR performance in legacy MRC network
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