3GPP TSG GERAN ad-hoc on GERAN Evolution
AHGEV-010

Meeting no 1, Copenhagen, Denmark
Agenda Item 5

18-19 May, 2005
Source: Nokia

Dual Symbol Rate for EGPRS Uplink

1. Introduction

This document presents preliminary evaluation of Dual Symbol Rate (DSR) for EGPRS Uplink -concept proposed in TSG GERAN#24 [1] to be included as a study item for GSM/EDGE evolution [2].

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 [4] 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.

1.2 General Requirements  

Possible enhancements for further GERAN evolution should meet with general requirements as outlined in [1]. Low impact to terminal design and HW support of legacy EDGE BSS are likely corner stones of all the requirements.  To maintain flexibility in RLC/MAC, seamless multiplexing of legacy EGPRS terminals to the same radio resources and incremental redundancy with EGPRS uplink are required.  In addition, enhancements should not interfere with neighbouring BTSs or adjacent systems like WCDMA uplink.

1.3 Service Outline

The EGPRS uplink bit rate evolution is needed to support imaging feature evolution in EGPRS mobile phones. Phones starts to have couple of Mpixel resolution, high quality optics and integrated flash producing decent pictures for family use. So it’s not a surprise that phone cameras are rapidly replacing point-and-shoot cameras – the biggest segment in the digital photography. 

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

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 [3] emplying IRC is high enough to offer additional robustness.

1.4 Modulation

The Dual Symbol Rate 8PSK (D8PSK) modulation could apply 8PSK parameters excluding symbol rate and shaping filter. The following table compares changed modulation parameters of D8PSK and 8PSK.

Table 1 Modulation parameter comparison
	
	8PSK
	D8PSK

	Symbol Rate
	270833.3 symbols/s
	541666.7 symbols/s

	Shaping pulse
	Linearised GMSK, BT=0.3
	Root Raised Cosine, Roll-Off= 0.3 

	PAR
	3.2dB
	3.2dB 


The spectrum of D8PSK is shown and is compared with 8PSK in 
Figure 1
. It can be seen that D8PSK spectrum overlaps with three 200kHz carriers. 
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Figure 1 Spectrum of D8PSK signal

Multiplexing

1.4.1 Burst Format

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

Table 2 D8PSK normal burst format
	Bit number
	Length in bits
	Length in D8PSK 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. 

1.4.2 Blind Modulation Detection

Blind Detection is likely needed in BSS to detect which D8PSK, 8PSK or GMSK modulation was received although it may be possible to limit detectable options by RLC/MAC procedures e.g. link adaptation.

1.4.3 Multi Slot Classes

Current 8PSK multi slot classes should apply for D8PSK modulation. 

1.5 Channel coding

The channel coding of dual symbol rate should be carried out in a similar way than existing 8PSK modulated coding schemes of EGPRS (MCS5-9), so that incremental redundancy (IR) can be supported between 8PSK and D8PSK modulated blocks. 

Table 3 illustrates possible new modulation and coding schemes. Coding rate could be a bit higher 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 for 2 lowest MCSs the EGPRS header type 1 could be re-used.

Table 3 D8PSK Modulation and Coding Schemes 
	MCS
	Family
	Modula-tion
	FEC
	RLC Blocks [Bytes]
	Interleaving

[Bursts]
	Bit rate

[bit/s]

	DCS-5
	B
	D8PSK
	0.38
	2 x 56
	4
	44 800

	DCS-6
	A
	D8PSK
	0.49
	2 x 74
	4
	59 200

	DCS-7
	B
	D8PSK
	0.76
	4 x 56
	4
	89 600

	DCS-8
	A
	D8PSK
	0.92
	4 x 68
	1 or 2
	108 800

	DCS-9
	A
	D8PSK
	1.00
	4 x 74
	1
	118 400


1.6 Radio transmission and Reception

It could be assumed that Dual Symbol Rate has quite similar properties than 8PSK, but some new measures are needed due to wider spectrum. 

1.6.1 Transmitter output power and power Classes

No changes expected.

1.6.2 Modulation accuracy

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

1.6.3 Power vs. time

There shouldn’t be major changes if PAR is similar with current 8PSK and burst structure is specified according to the current 8PSK normal burst. 

1.6.4 Spectrum due to modulation

Spectrum due to modulation mask needs to be changed. Figure 2 shows example of modulation spectrum with 5dB output back off from saturation for class AB amplifier. Spectrum mask should be specified mainly to meet adjacency requirements with other systems because IRC receiver is assumed for BSS. Adjacent channel power evaluation is considered in chapter 4.5.
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Figure 2 Modulation spectrum (Class-AB transmitter, 5dB OBO)
1.6.5 Spectrum due to transients

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

1.6.6 Receiver

BTS performance for D8PSK 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 bandwidth and uplink properties.

1.7 RLC/MAC 

· Current Uplink allocation methods should apply for D8PSK e.g. dynamic allocation through USF and RRBP for reserving uplink radio blocks for transmission of RLC/MAC control blocks by the mobile station. 

· Current maximum RLC Window size for EGPRS (1024) should apply for D8PSK as well as for dual carrier [4]. 

· The EGPRS link adaptation may be enhanced for D8PSK by adding new rules. 

1.8 Upper Layers

Introduction of new Radio Access Capability is needed.

2. Performance modelling

2.1 Link and System performance Modelling Assumptions

2.1.1 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. Noise Figure was 5dB, antenna correlation was 0 and no other impairments were included to receiver simulations. 

2.1.2 Simulation approach for interference modelling

As seen in Figure 1 D8PSK spectrum overlaps over three normal 200 kHz carriers resulting about 3 to 5 fold 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 can’t be used for D8PSK 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. Number of simultaneous interferers varied dynamically up to more than 20. 

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. 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. D8PSK simulations ware performed by changing all 8PSK bursts to D8PSK. 

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

The impact of D8PSK signal to TCH/FS was simulated in link simulator. 

2.1.3 Network Model and System Scenarios

3 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 1/3 and 3/9 for hopping layer. In BCCH case it was assumed that all traffic is EGPRS data, whereas in TCH case the assumption was that 20% of the resources are used for data service and 80% for AMR speech. Network load was about 75% in all cases. In 1/3 and 3/9 cases there were 4 TCH TRXs in each cell serving 19 voice Erlangs and 4.8 timeslots for EGPRS in average. Amount of recorded bursts was aimed to large enough to achieve statistically reliable results.
The data traffic was assumed symmetric so that same amount of data was transferred for both UL and DL, causing likely unrealistically high uplink load.  

Site-to-site distance was 3000 meters in all networks and propagation environment was typical urban 3 km/h. DTX and power control algorithms were enabled for voice and EGPRS. EGPRS traffic model was FTP-data, and the same amount of traffic was assumed in UL and DL.

Table 4 Network model parameters
	Parameter
	Value

	Site-to-Site distance
	3000m

	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 5 System Scenarios
	Parameter
	Scenario 1
	Scenario 2
	Scenario 3

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

	Bandwidth
	2.4MHz
	2.4MHz
	7.2MHz

	TRXs per cell
	1
	4
	4

	Hopping
	No
	Random RF
	Random RF

	Synchronised BSS
	Yes
	Yes
	Yes

	Data/Voice time slot –ratio
	100% / 0%
	20% / 80%
	20% / 80%

	Voice Load
	0
	 19 Erl (AMR 5.9)
	 19 Erl (AMR 12.2)

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

	Voice Power Control
	Yes
	Yes
	Yes

	Average EGPRS Load

(Used slots per cell)
	 5.2 slots
	 4.8 slots
	 4.8 slots

	EGPRS UL Power Control
	Yes
	Yes
	No

	EGPRS UL Traffic Model
	FTP
	FTP
	FTP

	EGPRS DL/UL Traffic -ratio
	1 / 1
	1 / 1
	1 / 1

	Number of recorded bursts 
	40 000
	30 000
	30 000


2.2 Network interference statistics 

In Figure 3 and Figure 4 cumulative co and adjacent channel interference distributions are shown for scenario 1 and scenario 2. Carrier level shows Rx levels measured from EGPRS connections. Percentage value after the interference number displays a probability of an interferer. Complete list of the probabilities for certain number of interferers are shown in Table 7. Note that probabilities for 1st adjacent apply also for 2nd adjacent interferer. 
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Figure 3 a) 4/12 co-channel I level cdf           b) 4/12 adjacent channel I level cdf
[image: image4.wmf]0

25

50

75

100

-120

-110

-100

-90

-80

-70

-60

-50

slow faded level (dBm)

CDF (%)

1st co

(98%)

2nd co

(90%)

3rd co

(76%)

4th co

(56%)

5th co

(37%)

6th co

(22%)

C

0

25

50

75

100

-120

-110

-100

-90

-80

-70

-60

-50

slow faded level (dBm)

CDF (%)

1st adj

(98%)

2nd adj

(91%)

3rd adj

(76%)

4th adj

(56%)

5th adj

(37%)

6th adj

(22%)

C

0

25

50

75

100

-120

-110

-100

-90

-80

-70

-60

-50

slow faded level (dBm)

CDF (%)

1st co

(98%)

2nd co

(90%)

3rd co

(76%)

4th co

(56%)

5th co

(37%)

6th co

(22%)

C

0

25

50

75

100

-120

-110

-100

-90

-80

-70

-60

-50

slow faded level (dBm)

CDF (%)

1st adj

(98%)

2nd adj

(91%)

3rd adj

(76%)

4th adj

(56%)

5th adj

(37%)

6th adj

(22%)

C


Figure 4 a) 1/3 co-channel I levels       b) 1/3 adjacent channel I levels
Table 6 Signal Level statistics
	
	Scenario 1 

(4/12)
	Scenario 2 

(1/3)
	Scenario 3 

(3/9)

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

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


Table 7 Probabilities for interferers to exceed -120dBm
	Ordinal number of interferer
	Scenario 1 (4/12)
	Scenario 2 (1/3)
	Scenario 3 (3/9)

	
	Co- channel
	Adjacent

AC1, AC2
	Co- channel
	Adjacent

AC1, AC2
	Co-channel
	Adjacent

AC1, AC2

	Dominant
	92.26%
	99.43%
	98.20%
	98.33%
	82.39%
	79.85%

	2nd
	73.23%
	90.54%
	90.30%
	91.07%
	48.47%
	48.53%

	3rd
	31.96%
	64.58%
	75.51%
	76.07%
	19.84%
	22.45%

	4th
	0.57%
	39.07%
	56.17%
	56.37%
	5.05%
	8.60%

	5th
	0.00%
	21.06%
	37.34%
	37.38%
	0.69%
	0.89%

	6th
	
	6.46%
	22.17%
	22.14%
	0.05%
	0.29%

	7th
	
	0.28%
	11.14%
	11.70%
	
	0.13%

	8th
	
	0.00%
	4.86%
	5.33%
	
	0.02%

	9th
	
	
	1.62%
	1.94%
	
	

	10th
	
	
	0.37%
	0.56%
	
	

	11th
	
	
	0.09%
	0.14%
	
	

	12th
	
	
	
	0.02%
	
	


3. Performance results

3.1 Coverage 

Throughput versus received signal level is depicted in Figure 5 for 8PSK with and without IRC and D8PSK with and without incremental redundancy. GMSK MCSs are not included. 5dB noise figure was assumed for BTS receiver, but no other impairments. Table 8 shows throughputs with maximum multi slot power reduction for 1 - 4 uplink slots by using –98 dBm as a median level for single slot.

As a conclusion D8PSK provides 1.8 times higher throughput in coverage limited case and provides also higher throughput than could be obtained by double higher number of uplink timeslots with 8PSK, if maximum power reduction is assumed.

[image: image5.wmf]-110

-105

-100

-95

-90

-85

-80

0

20

40

60

80

100

120

Received Signal Level [dBm]

Throughput [kbps]

Throughput versus Received Signal Level, Receiver NF=5dB, No impairments

95%

50%

1x1 8PSK

1x2 8PSK

1x2 D8PSK

1x2 D8PSK(IR)

 

Figure 5 Throughput at coverage scenario

Table 8 average throughputs with maximum multi slot power reduction
	
	1 slot
	2 slots
	3 slots
	4 slots

	Multi slot power reduction
	0
	3 dB
	4.8 dB
	6 dB

	8PSK throughput
	45 kbps
	80 kbps
	95 kbps
	115 kbps

	D8PSK throughput
	88 kbps
	145 kbps
	175 kbps
	222 kbps

	Throughput gain
	2.0 x
	1.8 x
	1.8 x
	1.9 x


3.2 Interference scenarios

Throughputs versus carrier level are shown in Figure 6, Figure 7 and Figure 8. Vertical lines mark 95% and 50% signal levels.  

Figure 9 summarises average throughputs at different system scenarios. 
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Figure 6 Throughput at scenario 1 (4/12)
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Figure 7 Throughput at Scenario 2 (1/3)
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Figure 8 Throughput at Scenario 3 (3/9)
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Figure 9 Average throughputs per time slot

Table 9 Summary for interference scenarios
	
	Scenario 1
	Scenario 2
	Scenario 3

	8PSK throughput per slot
	56 kbps
	49 kbps
	58 kbps

	D8PSK throughput per slot
	99 kbps
	82 kbps
	110 kbps

	Throughput gain
	1.8 x
	1.7 x
	1.9 x


As conclusion D8PSK could provide 1.7 – 1.9 times higher uplink throughput in interference limited scenarios. 

3.3 Spectral efficiency

The spectral efficiency of D8PSK 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 10 Spectral efficiency for Scenario 1 (BCCH 4/12)
	Modulation
	Spectral Efficiency

	8PSK
	124 kbits/s/MHz/Cell

	D8PSK
	219 kbits/s/MHz/Cell


3.4 Impact to voice users

The impact of D8PSK signal for voice users was studied by comparing TCH/FS with 8PSK and D8PSK interferes. Power control was based on MRC, but seemingly it applies also for IRC simulations because IRC with D8PSK interferers performs better than MRC with 8PSK interferers.  AMR results are expected to be better than TCH/FS.

As a conclusion D8PSK does not disturb uplink voice when IRC is applied. 
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Figure 10 TCH/FS FER with D8PSK and 8PSK interferes for Scenario 2 (1/3 reuse)

Adjacent Channel Power

The adjacent channel power due to D8PSK transmission was evaluated for different carrier offsets using Class AB transmitter simulation model with 5 dB output back off from saturation point, whose spectrum is shown in Figure 2. The adjacent channel power was estimated through 180 kHz for GSM/EDGE and 3840 kHz rectangular filters for WCDMA compared to the total transmitted signal power. 

The impact to adjacent GSM BTS was estimated by using Minimum Coupling Loss of 65dB and minimum MS output power 5dBm. The noise level at 600 kHz offsets is about 10dB lower than the BTS reference sensitivity level as shown in Table 11. The adjacent channel power due to D8PSK is about similar to adjacent channel power due to 8PSK with 200kHz smaller offsets.

Table 11 Adjacent Channel Power for neighbouring GSM/EDGE
	Offset
	400 kHz
	600 kHz
	800 kHz

	ACP@200kHz BW
	17 dBc
	54 dBc
	56 dBc

	Noise level (MCL=65dB and MS power 5dBm)
	-77 dBm
	-114 dBm
	-116 dBm


The coexistence scenario in [5] assumes –103 dBm noise floor and 6dB rise due to WCDMA UL traffic and 70dB Minimum MS->BS Coupling Loss. Additional noise rise impact of D8PSK MS at 26dBm TX power is estimated in Table 12. Noise rise seems to be marginal.

Table 12 Adjacent Channel Power and noise rise for WCDMA UL 

	Offset
	2700 kHz
	2800 kHz

	ACP@3840kHz BW
	68 dBc
	69 dBc

	Noise rise (26dBm MS TX power) 
	0.14dB
	0.11 dB


4. Impacts on the Mobile Station

Dual symbol rate has small impact to terminal, and HW changes could be limited e.g. to the modulator. Linearity requirements e.g. due to peak to average ratio are similar than for 8PSK. On the other hand RRC shaping filter and doubled symbol rate would make spectral growth due to transmitter nonlinearities more significant than for 8PSK.   

5. Impacts on the BSS

The BSS should have receiver that has sufficient receiving bandwidth and also processing power for double amount of uplink data. 

D8PSK can be used at least for reuses down to 1/3 without impact to the voice quality. Thus is does not need changes on existing frequency planning.  

Possibly some considerations would be needed for edge channels of the band e.g. D8PSK may not applied at edge channels or 400kHz guard band should apply. 

The Dual Symbol Rate would provide greater gains with synchronised BSS for tightest re-uses. 

It could be assumed that neighbouring BTSs use interference rejection combining, and so would be robust against uplink interference from other cells.

6. Impacts on the Core Network

No impacts, other than dimensioning for doubled uplink throughput. 

7. Impacts on the Specification

The impacted 3GPP specifications are listed in table below.  

Table 13 Impacts on 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


Conclusion 

Dual Symbol Rate is efficient concept to improve uplink bit rates, coverage and spectral efficiency with low impact to mobile phones and BSS.  The following summary can be made according to preliminary evaluations with limited amount of impairments:

· 1.8 – 2.0 times higher uplink throughput in coverage limited scenario

· 1.7 – 1.9 times higher uplink throughput in capacity limited scenarios 

· Provides seamless multiplexing with legacy EGPRS terminals in uplink

· Supports incremental redundancy with EGPRS MCSs 

· Low impact to terminal design and implementation due to similar modulation and reuse of current RLC/MAC

· BSS Receiver needs to have processing capacity and sufficient bandwidth

· D8PSK has low impact to adjacent GSM uplink at 600kHz offset.

· D8PSK has insignificant impact to adjacent WCDMA uplink performance at 2.7MHz offset
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Glossary

	D8PSK
	Dual Symbol Rate 8PSK

	DCS
	Dual Symbol Rate Modulation and Coding Scheme

	DSR
	Dual Symbol Rate

	IR
	Incremental Redundancy

	IRC
	Interference Rejection Combining algorithm

	MRC
	Maximum Ratio Combining algorithm

	OBO
	Output Back-Off (from saturation)
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