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Link Level Simulation Results for MSRD
1. Introduction

This document presents simulation results for MS Receive diversity using the scenarios agreed at the phone conference on March 16th 2006 [1]. Results are presented for the following services:
· EGPRS

· GPRS

· AMR

· TCH/FS

· FACCH/SACCH

Simulations were run using TU50 nFH and HT100 nFH for sensitivity, whereas only TU50nFH was used in interference tests as described in [1]. Both 900 and 1800 MHz bands were considered. The results are presented for information, but are also proposed to be used as basis for further discussions on the applicability of the parameters currently used as working assumptions for MSRD, and should be considered as Nokia’s input to performance values in TS 45.005. Therefore implementation impairments etc. were taken into account in the values. 

2. EGPRS Performance
2.1 Sensitivity
	EGPRS – Sensitivity
TU50 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	-106
	-105,5
	-103,5
	-103

	MCS-2
	-105
	-104
	-102,5
	-101,5

	MCS-3
	-102
	-101
	-99,5
	-98,5

	MCS-4
	-98
	-96,5
	-95
	-94

	MCS-5
	-100
	-99
	-97,5
	-96,5

	MCS-6
	-97,5
	-97
	-95
	-94,5

	MCS-7
	-93,5
	-93
	-91
	-90

	MCS-8 @ 30%
	-92,5
	-91
	-89,5
	-88,5

	MCS-9 @ 30%
	-89
	-88
	-86,5
	-85

	EGPRS – Sensitivity
TU50 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	-106,5
	-105,5
	-104
	-103,5

	MCS-2
	-105
	-104,5
	-102,5
	-102

	MCS-3
	-102
	-101
	-99,5
	-98,5

	MCS-4
	-97,5
	-96,5
	-95
	-93,5

	MCS-5
	-100,5
	-99,5
	-97,5
	-97

	MCS-6
	-98
	-97,5
	-95,5
	-95

	MCS-7
	-94
	-93
	-91
	-90

	MCS-8 @ 30%
	-92
	-90,5
	-89
	-88

	MCS-9 @ 30%
	-88
	-86,5
	-85
	-83


	EGPRS – Sensitivity
HT100 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	-106
	-105
	-103,5
	-102,5

	MCS-2
	-104,5
	-103,5
	-102
	-101

	MCS-3
	-101,5
	-100
	-98,5
	-97,5

	MCS-4 @ 10 %
	-95,5
	-94
	-92,5
	-91

	MCS-5
	-99
	-98
	-96
	-95

	MCS-6
	-96
	-94,5
	-93
	-91,5

	MCS-7 @ 30 %
	-92
	-90
	-88,5
	-86

	MCS-8 @ 30 %
	N/A
	N/A
	N/A
	N/A

	MCS-9 @ 30 %
	N/A
	N/A
	N/A
	N/A

	EGPRS – Sensitivity
HT100 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	-106
	-105
	-103,5
	-102,5

	MCS-2
	-104,5
	-103,5
	-101,5
	-100,5

	MCS-3
	-101
	-100
	-98
	-97

	MCS-4 @ 10 %
	-94
	-91,5
	-91
	-87,5

	MCS-5
	-98,5
	-97,5
	-95,5
	-94,5

	MCS-6
	-95,5
	-93,5
	-92,5
	-90,5

	MCS-7 @ 30 %
	-90,5
	-87,5
	-87
	-83,5

	MCS-8 @ 30 %
	N/A
	N/A
	N/A
	N/A

	MCS-9 @ 30 %
	N/A
	N/A
	N/A
	N/A


2.2 Interference
	EGPRS  DTS-1/DTS-1b

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	-11,5
	-9
	-11
	-9

	MCS-2
	-10,5
	-7,5
	-9,5
	-7,5

	MCS-3
	-6,5
	-3,5
	-5,5
	-3,5

	MCS-4
	-2,5
	0
	-0,5
	1

	MCS-5
	-4,5
	-2,5
	-4
	-2,5

	MCS-6
	-2,5
	-0,5
	-2
	-0,5

	MCS-7
	3
	4,5
	3,5
	5,5

	MCS-8
	3
	5,5
	5,5
	7,5

	MCS-9
	8,5
	12
	16,5
	17,5


*) Measured at 30 BLER
	EGPRS  DTS-2

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	0,5
	1
	0
	0,5

	MCS-2
	2
	2,5
	2
	2

	MCS-3
	4,5
	5
	4,5
	5

	MCS-4
	9,5
	10
	10
	10

	MCS-5
	6,5
	7
	6,5
	6,5

	MCS-6
	8,5
	9
	8,5
	8,5

	MCS-7
	13
	13,5
	13
	13,5

	MCS-8
	18
	18,5
	19,5
	20

	MCS-9
	24
	25
	28
	29


	EGPRS  DTS-5

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	MCS-1
	1
	1
	0,5
	1

	MCS-2
	2
	2,5
	2
	2,5

	MCS-3
	5
	5,5
	5
	5,5

	MCS-4
	10
	10,5
	10,5
	11

	MCS-5
	6,5
	7
	6,5
	6,5

	MCS-6
	8,5
	9
	8,5
	8,5

	MCS-7
	13,5
	13,5
	13,5
	13,5

	MCS-8
	18,5
	19
	19,5
	20

	MCS-9
	23,5
	24,5
	27
	28,5


3. GPRS Performance

3.1 Sensitivity
	GPRS – Sensitivity
TU50 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	-106
	-105,5
	-103,5
	-103

	CS-2
	-104
	-103
	-101,5
	-100,5

	CS-3
	-102,5
	-101,5
	-100
	-99

	CS-4
	-96,5
	-95,5
	-94
	-93

	GPRS – Sensitivity
TU50 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	-106,5
	-105,5
	-104
	-103,5

	CS-2
	-104,5
	-103,5
	-101,5
	-101

	CS-3
	-103
	-101,5
	-100
	-99,5

	CS-4
	-96,5
	-95
	-93,5
	-92,5


	GPRS – Sensitivity
HT100 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	-106
	-105,5
	-103,5
	-103

	CS-2
	-103,5
	-102,5
	-101
	-100

	CS-3
	-102
	-101
	-99
	-98,5

	CS-4 @ 10 %
	-94
	-92
	-91
	-89

	GPRS – Sensitivity
HT100 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	-106
	-105
	-103,5
	-103

	CS-2
	-103,5
	-102,5
	-101
	-100

	CS-3
	-102
	-100,5
	-99
	-98

	CS-4 @ 10 %
	-92
	-87,5
	-88
	-85


3.2 Interference

	GPRS  DTS-1

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	-13
	-10
	-12
	-9,5

	CS-2
	-10
	-7,5
	-9
	-7

	CS-3
	-8,5
	-6
	-7
	-5,5

	CS-4
	-1,5
	0,5
	0,5
	2


	GPRS  DTS-2

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	0
	0,5
	-0,5
	0

	CS-2
	2,5
	3
	2,5
	3

	CS-3
	4
	4
	3,5
	4

	CS-4
	10,5
	10,5
	10,5
	11


	GPRS  DTS-5

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	CS-1
	0,5
	1
	0
	0,5

	CS-2
	3
	3
	3
	3

	CS-3
	4
	4,5
	4
	4,5

	CS-4
	11
	11,5
	11,5
	12


4. AMR Performance
4.1 Sensitivity
	AMR – Sensitivity
TU50 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	-105
	-104
	-102,5
	-101,5

	TCH/AFS7.4
	-107
	-106,5
	-104,5
	-104

	TCH/AFS5.9
	-108
	-107,5
	-105,5
	-105

	TCH/AHS7.4
	-103
	-102,5
	-100,5
	-100

	TCH/AHS5.9
	-104,5
	-104
	-102
	-101,5

	AMR – Sensitivity
TU50 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	-105,5
	-105
	-103
	-102,5

	TCH/AFS7.4
	-108
	-107
	-105,5
	-105

	TCH/AFS5.9
	-108,5
	-108
	-106,5
	-106

	TCH/AHS7.4
	-103,5
	-102,5
	-100,5
	-99,5

	TCH/AHS5.9
	-104,5
	-104
	-102
	-101,5


	AMR – Sensitivity
HT100 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	-105
	-104,5
	-102,5
	-102

	TCH/AFS7.4
	-107,5
	-107
	-105
	-104,5

	TCH/AFS5.9
	-108
	-108
	-106
	-105,5

	TCH/AHS7.4
	-102,5
	-101,5
	-100
	-98,5

	TCH/AHS5.9
	-104
	-103
	-101,5
	-100,5

	AMR – Sensitivity
HT100 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	-105
	-104
	-102,5
	-101,5

	TCH/AFS7.4
	-107,5
	-106,5
	-105
	-104,5

	TCH/AFS5.9
	-108
	-108
	-106
	-105,5

	TCH/AHS7.4
	-102
	-101
	-99,5
	-98,5

	TCH/AHS5.9
	-104
	-103
	-101
	-100,5


4.2 Interference

	AMR  DTS-1

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	-11
	-8
	-10,5
	-8

	TCH/AFS7.4
	-13,5
	-10,5
	-13
	-10,5

	TCH/AFS5.9
	-14,5
	-11,5
	-14
	-11,5

	TCH/AHS7.4
	-8
	-5
	-7
	-4,5

	TCH/AHS5.9
	-9,5
	-6,5
	-8,5
	-6


	AMR  DTS-2

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	1,5
	2
	1
	1,5

	TCH/AFS7.4
	-0,5
	-0,5
	-1,5
	-1

	TCH/AFS5.9
	-2
	-1,5
	-2,5
	-2,5

	TCH/AHS7.4
	3,5
	4
	3,5
	4

	TCH/AHS5.9
	2
	2,5
	2,5
	2,5


	AMR  DTS-5

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/AFS12.2
	2
	2,5
	1,5
	1,5

	TCH/AFS7.4
	-0,5
	0
	-1
	-1

	TCH/AFS5.9
	-1,5
	-1,5
	-2,5
	-2

	TCH/AHS7.4
	3,5
	4
	4
	4

	TCH/AHS5.9
	2,5
	3
	2,5
	3


5. GSM Speech

5.1 Sensitivity

	TCH/FS – Sensitivity
TU50 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	5,5
	6,5
	8,5
	9

	TCH/FS – Sensitivity
TU50 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	5
	6
	7,5
	8,5


	TCH/FS – Sensitivity
HT100 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	5,5
	6,5
	8
	9

	TCH/FS – Sensitivity
HT100 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	5,5
	6,5
	8,5
	9


5.2 Interference

	TCH/FS  DTS-1

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	-11
	-8
	-10,5
	-8


	TCH/FS  DTS-2

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	1,5
	1,5
	1
	1


	TCH/FS  DTS-5

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	TCH/FS
	1,5
	2
	1
	1,5


6. Control Channels
6.1 Sensitivity
	Control – Sensitivity
TU50 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	5
	6
	7,5
	8

	SACCH
	5
	6
	7,5
	8,5

	Control – Sensitivity
TU50 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	4,5
	5,5
	7
	7,5

	SACCH
	5
	6
	7,5
	8,5


	Control – Sensitivity
HT100 nFH 900 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	5
	5,5
	7,5
	8

	SACCH
	5,5
	6,5
	8
	9

	Control – Sensitivity
HT100 nFH 1800 MHz

	Scheme
	Antenna gain imbalance 0
	Antenna gain imbalance 6 dB

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	5
	6
	7,5
	8

	SACCH
	5,5
	6,5
	8,5
	9


6.2 Interference

	Control  DTS-1

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	-13
	-10
	-14,5
	-9,5

	SACCH
	-12
	-9,5
	-14
	-9


	Control  DTS-2

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	0
	0,5
	-3
	0

	SACCH
	0,5
	1
	-2,5
	1


	Control  DTS-5

	Scheme
	TU50nFH 900
	TU50nFH 1800

	
	Correlation 0
	Correlation 0.7
	Correlation 0
	Correlation 0.7

	FACCHF
	0,5
	1
	-3
	0,5

	SACCH
	1
	1
	-2
	1


7. Conclusion

This document has presented simulation results for MSRD to be used as input for performance requirements in 3GPP TS 45.005. As has also been shown in the feasibility study on GERAN evolution, MSRD provides relatively large gains compared to the current specifications, even when considering the impacts of antenna correlation and gain imbalance. The results presented here indicate that correlation generally has little impact on performance compared to the gains of MSRD. Antenna gain imbalance has a significant impact on sensitivity performance, but has no impact in the interference limited results presented here. 
Since MSRD lowers the reference performance levels, it may make sense to change the definition of interferer levels that is currently used for DARP. This specifies that the interferer level is kept at a fixed level of -80 dbm and the carrier level is then changed to reach the desired C/I. However, since the required C/I level for MSRD can be as high as -16 dB (TCH/AFS5.9) this could lead to a very low carrier level, which may be undesired for testing of interference performance. Therefore we propose that this is taken into account when the test scenarios are specified in 45.005. A dominant interferer level of -70 dbm has been assumed in the simulations here. 
In order to reduce the testing efforts of MSRD, it is proposed that GERAN WG1 considers reducing the set of performance values by removing some combinations of logical channels and MSRD parameters. Also, in order to proceed with agreeing on performance values for TS 45.005, we propose to host a telephone conference mid August if desirable. 
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