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Higher Uplink performance for GERAN Evolution with a legacy transceiver
1. Introduction

This document is a discussion document for uplink evolution in legacy networks. It was found earlier that DSR and MDSR with 2.0 and 1.5 times higher symbol rates clearly exceed the given performance objectives on coverage and spectral efficiency and that two legacy TRX implementation option was not favoured. Optimisation of MDSR concept for single legacy TRX implementation may be done by removing the 100 kHz offset and reducing the symbol rate further e.g. to 1.2 (6/5)  or 1.33 (4/3) times higher than the legacy symbol rate. To meet peak throughput objectives, e.g. 32QAM modulation is then needed. 

This document presents link level receiver performance for 1.2 times higher symbol rate using 32QAM modulation and convolution coding received by a single legacy transceiver with assumed 240kHz receiver bandwidth on it. 
It is proposed that this document will be incorporated in the feasibility study [2].
2. CONCEPT DESCRIPTION
Evaluated concept uses 1.2 times higher symbol rate i.e. 325 ksymbols/s and 32QAM modulation with convolution channel coding. 
2.1 Modulation parameters
Table 1 compares parameters of different schemes. It can be seen that the narrower shaping pulse would introduce 0.9 dB higher PAR and thus have an impact to coverage. 
Table 1 Modulation parameters for 1.2 times higher symbol rate
	Parameter
	1.2 x 16QAM

(240 kHz)
	1.2 x 32QAM

(240kHz)
	1.2 x 16QAM

(325 kHz)
	1.2 x 32QAM

(325 kHz)

	Symbol Rate
	325 000 symbols/s

(13 MHz / 40)

	Modulation
	16QAM
	32QAM
	16QAM
	32QAM

	Symbol rotation 
	-
	-
	-
	-

	Shaping pulse
	Hanning windowed RRC, 

bandwidth = 0.74
roll-off = 0.3, 

length = 5 symbol periods
	Hanning windowed RRC, 

bandwidth = 1.00
roll-off = 0.3,
length = 5 symbol periods

	Peak to Average Ratio 
	6.0 dB
	5.8 dB
	5.1 dB
	4.9 dB


2.2 Blind symbol rate and modulation detection

A BSS needs to detect which symbol rate and modulation was used in the received burst.  It is possible, as is shown in Table 2, to limit detection within two modulation alternatives as it is a case in EGPRS today. Thus number of modulations can be increased without increasing the complexity of blind modulation and symbol rate detection. 
Table 2 Selection of modulation
	Modulation of commanded MCS
	Modulation for initial transmission
	Modulation for re-transmission of GMSK modulated blocks
	Modulation for re-transmission of 8PSK modulated blocks
	Modulation for re-transmission of 1.2x16QAM modulated blocks
	Modulation for re-transmission of 1.2x32QAM modulated blocks

	GMSK
	GMSK
	GMSK
	8PSK
	8PSK
	8PSK

	GMSK with re-segmentation bit on
	GMSK
	GMSK
	GMSK
	GMSK
	GMSK

	8PSK
	8PSK
	GMSK
	8PSK
	8PSK
	8PSK

	1.2 x 16QAM
	1.2 x 16QAM
	GMSK
	1.2 x 16QAM
	1.2 x 16QAM
	1.2 x 16QAM

	1.2 x 32QAM
	1.2 x 32QAM
	GMSK
	1.2 x 32QAM
	1.2 x 32QAM
	1.2 x 32QAM


2.3 Channel coding parameters
Simulated Channel coding schemes were similar to EGPRS coding schemes, but carried doubled number of RLC blocks per radio block period. Coding rates for data part could be further improved with optimisation of header coding and reduction of interleaving depth for highest MCSs from 2 to 1 could bring some further gain.  
Table 3 Modulation and coding schemes for 1.2 x 32QAM
	MCS
	Family
	Modulation
	Data FEC
	RLC Blocks [Bytes]
	Interleaving of data
[Bursts]
	Bit rate

[bit/s]

	NDCS-5
	B
	32QAM
	0.38
	2 x 56
	4
	44 800

	NDCS-6
	A
	32QAM
	0.49
	2 x 74
	4
	59 200

	NDCS-7
	B
	32QAM
	0.76
	4 x 56
	4
	89 600

	NDCS-8
	A
	32QAM
	0.92
	4 x 68
	2
	108 800

	NDCS-9
	A
	32QAM
	1.00
	4 x 74
	2
	118 400


3. Modelling assumptions

Legacy EGPRS receiver SAW filter with 240 kHz BW (45.912, chapter 9.7.1.1.1.1) was assumed. Two different transmitter shaping pulses were used with bandwidths of 240 kHz and 325 kHz to determine the performance impact of shaping filter.

The receiver performance modelling assumptions were:
· In the receiver simulations BTS used legacy 8PSK receiver filter, a SAW filter model, with 240 kHz BW ([2], chapter 9.7.1.1.1.1). Additionally receiver filter, which bandwidth was matched with the symbol rate was used as a reference.
· Asynchronous DTS-2 scenario with 1.2 times higher symbol rate interferers was used.
· Data performance was evaluated with Interference Rejection Combining (IRC) algorithm with 2 receiver antennas. 

· Voice impact (AMR 5.9) was analyzed with above mentioned asynchronous DTS-2 scenario with Maximum Ratio Combining (MRC) receiver.
· Receiver impairments were included.

3.1 Receiver impairments

Table 4 lists used receiver impairments that were used in the receiver performance simulations.
Table 4 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

	Total receiver noise figure
	5 dB

	SAW filter bandwidth
	240 kHz


3.2 DTS-2 interference scenario

The DTS-2 link level interference scenario, illustrated in Figure 1 and Table 5, was used 1.2 times higher symbol rate with different shaping pulses and receiver filters. 
A random time offset was used for asynchronous interferers per radio frame. Two consecutive bursts with independent fast fading were generated to provide the same average interference power over the burst period as in the synchronous case.  
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Figure 1 DTS-2 Link scenario for 1.2 times higher symbol rate
Table 5 DTS-2 Link scenario for EGPRS and MDSR

	Interfering Signal
	Relative Level

	Co-channel 1 
	0 dB

	Co-channel 2
	-10 dB

	Adjacent channel 1 (+200kHz)
	+3 dB

	AWGN (BW=271 kHz)
	-17 dB


4. Performance characterization

4.1 Coverage

Throughput versus received signal level is depicted in Figure 2 for 1.2x32QAM with different shaping and receiver filters at TU3iFH conditions with receiver impairments given in Table 4. 
Table 6 shows average throughputs and throughput gains at –98 dBm median RX level.  1.2 x 32QAM used additional power due to higher PAR. 

1.2x32QAM seems to provide up to 46% higher average throughput than EGPRS with 325 kHz shaping pulse. It can be also seen that 32QAM is not sufficient and there is room for 1.2x16QAM below about 15 dB point. 
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Figure 2 Throughput versus signal power per noise power at 270 kHz bandwidth, TU3iFH
Table 6 Average throughput per slot, TU3iFH
	
	EGPRS
	1.2 x 32QAM

	Width of pulse shaping filter
	180 kHz
	325 kHz
	325 kHz
	240 kHz

	Width of receiver filter
	270 kHz
	325 kHz
	240 kHz
	240 kHz

	Peak to Average Ratio
	3.2 dB
	4.9 dB
	4.9 dB
	5.8 dB

	Additional Power reduction related to EGPRS
	N.A.
	1.7 dB
	1.7 dB
	2.6 dB

	Average throughput @ -98 dBm level with / without additional power reduction
	44 kbps
	58 kbps

65 kbps
	56 kbps

60 kbps
	37 kbps

53 kbps

	Coverage gain over EGPRS with / without additional power reduction
	N.A.
	30%

46%
	26%

34%
	-

20%


4.2 Data performance in synchronous DTS-2 interference scenario 

The throughput of 1.2 x 32QAM was evaluated in Figure 3 for the following cases:

· 1.2x32QAM with 325 kHz shaping filter and 325 kHz receiver filter
· 12x32QAM with 325 kHz shaping filter and 240 kHz receiver filter

· 12x32QAM with 240 kHz shaping filter and 240 kHz receiver filter

It can be seen that wider shaping filter linked with wider receive filter outperforms other options and next best is wider shaping linked with narrow receiver filter.
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Figure 3 Throughput versus C/I1 for different pulse shaping and receiver filters in synchronous DTS-2 scenario
4.3 Voice impact in asynchronous DTS-2 interference scenario 

The AMR 5.9 FER was simulated with asynchronous DTS-2 scenario. Three curves are presented:
· AMR 5.9 FER with EGPRS interference

· AMR 5.9 FER with 1.2x32QAM interference with 240 kHz shaping filter

· AMR 5.9 FER with 1.2x32QAM interference with 325 kHz shaping filter
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Figure 4 AMR 5.9 FER versus C/I1 in asynchronous DTS-2 scenario
It can be seen that EGPRS as an interference seems to cause higher impact to AMR than 1.2 symbol rate. Indeed 240 kHz shaping filter seems to cause higher FER than 325 kHz shaping filter. 
5. Conclusions

The following conclusions can be made for 1.2 times higher symbol rate with 32QAM: 

· Symbol rate of 1.2 seems to be low enough for single legacy transceiver assuming 240 kHz wide receiver filter providing peak throughput gains up to 100% with diversity receiver.
· Adjacent channel power is not sufficient criteria for shaping filter optimization. 
It is proposed that these discussions be included in the Feasibility Study.
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