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Modified Dual Symbol Rate Concept for Future GERAN Evolution
1. Introduction

This document is an update for Modified Dual Symbol Rate concept (MDSR) for Future GERAN uplink evolution, proposed in GERAN#29 [1]. MDSR is an alternative scheme for DSR, which combines higher order modulation (16QAM) and higher symbol rate (3/2) to achieve all the evolution objectives including BSS implementation aspects. The main benefit over DSR is that similar bit rates and performance can be achieved with 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. 
Updates include link level results with two-transceiver implementation with independent impairments for both transceivers. 

It is proposed that this document will be incorporated in the feasibility study [2].
2. Concept description
The Uplink Concept uses 16QAM modulation at 3/2 times higher symbol rate  compared  to GSM and otherwise reuses DSR concept e.g. channel coding and RLC/MAC. QPSK is considered optionally for coverage extension.
2.1 Modulation

Table 1 compares modulation parameters of MDSR with 8PSK. MDSR modulator could produce 100 kHz frequency offset to locate the MDSR carrier effectively in the middle of two GSM channels.

Table 1 Modulation parameter comparison

	Parameter
	8PSK
	MDSR

	Symbol Rate
	270 833.3 symbols/s

(13 MHz / 48)
	406 250 symbols/s

(13 MHz / 32)

	Modulation
	8PSK
	16QAM 
	QPSK (optional)

	Symbol rotation 
	3π/8
	- 
	π/4

	Shaping pulse
	Lin. Gaussian, BT=0.3
	Hanning windowed Root Raised Cosine, 
Roll-off = 0.29, length = 6 symbol periods 

	Peak to Average Ratio 
	3.2 dB
	5.1 dB
	2.1 dB

	Frequency shift
	-
	100 kHz
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Figure 1  MDSR spectrum compared to two GSM carriers

2.1.1 Multiplexing

2.1.1.1 Burst format

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. 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 as shown in Table 2.  

Table 2 Normal burst format for MDSR

	Bit number
	Length in bits
	Length in MDSR symbols
	Contents

	0 – 19
	20
	5
	Tail bits

	20 – 367
	348
	87
	Payload bits

	368 – 523
	156
	39
	Training Sequence bits

	525 – 871
	348
	87
	Payload bits

	872 – 891
	20
	5
	Tail bits

	892 – 936.5
	45.5
	11.375
	Guard Period


The training sequence bits and tail bits are FFS.

For optional QPSK the number of bits is the same as in EGPRS.

2.1.1.2 Blind symbol rate and modulation detection

A BSS needs to detect which symbol rate and modulation was used in the received burst as in blind modulation for DSR.

2.1.1.3 Multi slot classes

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

2.1.2 Channel coding

The channel coding schemes for DSR could be used for MDSR as such due to the same amount of bits. Thus incremental redundancy (IR) between 8PSK and MDSR modulated RLC blocks can be supported. Table 3 illustrates possible new modulation and coding schemes. 

Table 3 MDSR modulation and coding schemes

	MCS
	Family
	Modulation
	FEC
	RLC Blocks [Bytes]
	Interleaving

[Bursts]
	Bit rate

[bit/s]

	MDCS-5
	B
	16QAM
	0.35 – 0.38
	2 x 56
	4
	44 800

	MDCS-6
	A
	16QAM
	0.45 – 0.49
	2 x 74
	4
	59 200

	MDCS-7
	B
	16QAM
	0.70 – 0.76
	4 x 56
	4
	89 600

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

	MDCS-9
	A
	16QAM
	0.92 – 1.00
	4 x 74
	1
	118 400


Optional QPSK schemes are similar to existing EGPRS schemes except to the modulation and symbol rate.

2.1.3 RLC/MAC

The same RLC/MAC changes required for DSR applies also for MDSR. 

2.1.4 RRC

Introduction of new Radio Access Capability is needed.

2.2 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.
2.3 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 of the feasibility study report [1]. 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 4 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


2.4 Performance characterization

2.4.1 Spectrum due to modulation

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 2 Simulated spectrum due to modulation for MDSR (16QAM)
2.5 Coverage

Throughput versus received signal level is depicted in Figure 3 for EGPRS, DSR and MDSR at TU3iFH conditions. Additionally results with QPSK at 3/2 symbol rate are shown. 5dB noise figure was assumed for BTS receiver, but no other impairments were included. Table 5 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. 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. 
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Figure 3 Throughput versus received signal level, TU3iFH, NF=5dB

Table 5 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


2.6 Performance at mixed voice and data 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. The MDSR performance with MRC instead of IRC was also simulated to demonstrate the role of IRC in MDSR performance. 
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Figure 4 Throughput versus signal level at scenario 2 (1/3)

Table 6 Summary for interference scenario 2

	
	EGPRS
	DSR 
*)
	MDSR *)
	MDSR **)
	MDSR *)

	Receiver
	IRC
	IRC
	IRC
	IRC
	MRC

	Cell edge level  
	88 dBm
	89 dBm
	90 dBm
	90 dBm
	90 dBm

	Median level
	80 dBm
	82 dBm
	82 dBm
	82 dBm
	82 dBm

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

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

	Throughput gain at cell edge
	-
	40%
	43%
	67%
	6%

	Average cell throughput gain
	-
	1.6 x
	1.6 x
	1 x
	1.2 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%. 
MDSR with MRC receiver has also reasonable performance against interference providing 20% gain over EGPRS with IRC receiver. Thus IRC is not mandatory to obtain capacity gains by MDSR.
2.6.1 Impact of antenna correlation

The impact of receiver antenna correlation to MDSR throughput was studied by repeating scenario 2 by assuming RX antenna correlation of 0.7. This inclusion of interference distribution from system simulator instead of link level analysis should give realistic outcome.  The results are plotted in Figure 5. 
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Figure 5. The impact of receiver antenna correlation 0.7 to MDSR throughput at scenario 2 
2.7 Performance of two transceiver implementation

This paragraph presents a dual TRX performance at DTS-2 scenario with impairments.

Two conventional receivers e.g. like used in the first generation GSM BTS over decade ago were assumed. Both receivers have independent impairments as listed in Table 7. The used channel filter has 200 kHz bandwidth and in addition to that a random phase offset between receivers was generated for every burst.

Table 7 Receiver impairments

	Impairment
	Value

	I/Q gain imbalance
	0.125 dB

	I/Q phase mismatch
	1°

	DC offset
	-30 dBc

	Phase noise
	1.2° RMS


The DTS-2 link level interference scenario, illustrated in Figure 9 and Table 8, was used for both EGPRS and MDSR. In the case of MDSR, the frequency of adjacent-1 interference was chosen so that, it became as 3rd co-channel interference for MDSR with +3dB power level. Thus, it was not attenuated by channel filter providing adjacent channel protection like in the case of EGPRS. The used noise bandwidth was 271 kHz in both cases, i.e., it is -15.2 dB for 405 kHz bandwidth. Despite of these hardenings, interference levels in simulations referred to the level of co-channel-1 for both EGPRS and MDSR.
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Figure 9 DTS-2 Link scenario for EGPRS and MDSR

Table 8 DTS-2 Link scenario for EGPRS and MDSR

	Interfering Signal
	Relative Level
	Notes for MDSR

	Co-channel 1 
	0 dB
	

	Co-channel 2
	-10 dB
	

	Adjacent channel 1 (+200kHz)
	+3 dB
	“Co-channel-3” at +3 dB level

	AWGN (BW=271 kHz)
	-17 dB
	-15.2 dB at 405 kHz BW 
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Figure 10 BLER versus C/I1 with impairments at link scenario DTS-2
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Figure 11 Throughput versus C/I1 at DTS-2 with and without dual RX impairments
Several conclusions can be made according the results. Firstly, the dual transceiver implementation is robust against the impairments of conventional TRXs, the throughput loss is about 1 dB at 20dB C/I1. Secondly, MDSR is able to provide significantly better throughput than EGPRS despite of missing 18 dB adjacent channel attenuation.
2.8 Impacts to the mobile station

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.

2.9 Impacts to the BSS

2.9.1 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 

2.9.2 Impacts to the PCU

MDSR has similar impact to PCU as DSR. 

2.10 Impacts to the BSS radio network planning

MDSR has similar impact to BSS network planning as DSR. 
2.11 Impacts to the core network

No impacts. 

2.12 Impacts to the specification

The impacted 3GPP specifications are listed in table below.  

Table 9 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


2.13 Compliance to the objectives

Following tables summarise compliancy to the objectives given in [1].
Table 10 Compliance with performance objectives

	Objective
	Required value
	Evaluated result for MDSR
	Compliance

	Spectrum efficiency/capacity gain
	> 50%
	60% (in scenario 2)


	Compliant

	Peak data rate increase
	100%
	100%
	Compliant

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

67% (capacity limited)
	Compliant


Table 11 Compliance with compatibility objectives

	Objective
	Evaluated result for MDSR
	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


3. Conclusions

The following conclusions can be made for Modified Dual Symbol Rate: 

· MDSR has similar performance as DSR in interference limited scenario (1/3).

· Throughput at coverage limited scenario is a bit worse than with DSR, but with optional QPSK, 1.9 times higher throughput can be obtained at cell border.
· BSS implementation of MDSR with two transceivers may use narrow filters and does not need to tune VCO’s out of 200 kHz raster.

· Two transceiver implementation option performs as well as single transceiver option and is found to be robust against implementation impairments.

· MDSR has similar MS implementation as DSR, but linearity requirements for transmitter are bit more stringent and transmitter needs to generate 100 kHz offset. 

It is proposed that updates in Modified Dual Symbol Rate concept be included in to the Feasibility Study.
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