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1. Introduction

This document provides link-level simulation results for the new work item on Mobile Station Receive Diversity agreed at TSG GERAN#27 ‎[2].  

Simulation scenarios and assumptions have been discussed in a telephone conference held on March 16th, 2006, and the agreed decisions have been used to set up the test environment.

Results are given for two types of network scenarios,

· Interference-limited scenarios

· Sensitivity-limited scenarios

2. Simulation Assumptions
2.1 Antenna Correlation

Two parameter sets related to the diversity properties were used as proposed in ‎[4]. The combinations of antenna gain imbalance (AGI), and correlation coefficient ( defined in Table 1 . An identical correlation is assumed for all signal sources.
	Parameter set
	Antenna Gain Imbalance (AGI) [dB]
	Correlation (

	PS 1
	0
	0

	PS 2
	-6
	0.7


Table 1: Gain and correlation parameters used for tests

2.2 Channel Models

The Dual-Input Single-Output channel model, as defined in the Feasibility Study ‎[1], and depicted in Figure 1, has been used for each signal source.
d
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Figure 1: Link level model for interference-limited scenario

2.3 Impairments

Receiver impairments were included with parameters chosen to reflect a practical receiver. Gain and phase errors, as well as DC offset were modeled. 

Transmitter signal is ideal GMSK phase modulation, and linear modulation for 8PSK. Phase noise effects were not introduced in this simulation.

In GMSK modulation test cases, with PS2 the impairments were inadvertently switched off. However some tests were re-simulated and the resulting differences due to this error were found to be below 0.5dB.

Independent frequency errors modulated by a random sequence of +/-0.05ppm were used on all interferers.

No side information is used in the receiver, i.e. parameters like channel taps, frequency and timing are all estimated.

2.4 Fading Profiles

The following fading profiles were used as per the working assumptions in ‎[3]:

Interference:

TU50nFH 945 MHz and 1800 MHz

Sensitivity:
TU50nFH 945 MHz and 1800 MHz

HT100nFH 945 MHz and 1800 MHz

2.5 Interference-limited scenarios
MS receive diversity performance in interference-limited scenarios has been evaluated using scenarios similar to DARP I according to ‎[3], as summarized in Table 2.

	Scenario


	TSC


	Interferer

characteristics
	Interferer 

Modulation
	Synchronous/

Asynchronous

	GMSK Carrier



	DTS-1
	None
	Cochannel
	GMSK
	Synchronous

	DTS-2
	None
	2 Cochannels

1 Adjacent

AWGN
	All GMSK
	Synchronous

	DTS-5
	None
	2 Cochannels

1 Adjacent

AWGN
	All GMSK
	Asynchronous
(Delay 74 symbols)

	8-PSK Carrier



	DTS-1b
	None
	Cochannel
	8-PSK
	Synchronous

	DTS-2
	None
	2 Cochannels

1 Adjacent

AWGN
	All GMSK
	Synchronous

	DTS-5
	None
	2 Cochannels

1 Adjacent

AWGN
	All GMSK
	Asynchronous
(Delay 74 symbols)


Table 2: Interference Scenarios Agreed for DARP II
2.6 Coverage-limited scenarios

MS receive diversity sensitivity performance in coverage-limited scenarios has also been evaluated for TU50nH and HT100nH fading profiles, and the scenarios in Table 2. 

2.7 Logical channels

The following logical channels were agreed as working assumptions for both interference and sensitivity tests:

· EGPRS

· MCS-1 to MCS-9

· GPRS

· CS-1 to CS-4

· AMR

· TCH/AFS12.2, TCH/AFS7.4, TCH/AFS5.9

· TCH/AHS7.4, TCH/AHS5.9 

· GSM Speech

· TCH/FS

· Control Channels

· FACCH & SDCCH

However, simulation results for TCH/FS, TCH/AHS, and control channels were not available in time for this document.
3. Link-Level Result summary 
Results below are based on link-level simulations. Between 2000-4000 bursts were simulated for each point. 
Unfortunately some of the simulations have not completed in time for this GERAN meeting, and these results will be provided for the next meeting.

3.1 Interference Scenarios

3.1.1 PDTCH

The C/I (C/I1) for PDTCH BLER of 10% are listed in Table 3 and Table 4 for GSM900 and DCS1800, respectively. 

The C/I values have been rounded up to the closest 0.5 dB.
Note that for the receivers simulated, and fading profiles used, with speeds of 50-100 km/h, the performance difference between the two frequency bands has been found to be insignificant. This fact may be used to significantly reduce the number of tests that are ultimately defined for MSRD receivers.

It may also be interesting to note that performance degradation due to antenna signal correlation of 0.7 in PS2, relative to PS1 is a consistent 2dB. It is assumed that this is not affected by the AGI component of PS2. Again this may be utilized for further reducing the number of tests required.
[image: image2.emf]DTS1 DTS2 DTS5

Interference - 945 MHz Conv PS1 PS2 Conv PS1 PS2 Conv PS1 PS2

PDTCH MCS-1 (BLER 10%) 7.0 1.5 3.0 7.5 2.0 4.0 7.5 1.0 3.0

PDTCH MCS-2 (BLER 10%) 9.5 3.5 5.5 10.0 3.5 6.0 10.0 3.0 Not Ready

PDTCH MCS-3 (BLER 10%) 15.0 7.0 9.0 15.5 7.5 9.5 16.0 7.5 Not Ready

PDTCH MCS-4 (BLER 10%) 21.0 10.5 12.5 x 11.0 13.5 x 12.0 14.5

PDTCH MCS-5 (BLER 10%) 13.0 7.0 9.0 13.5 7.5 9.5 13.0 7.5 9.5

PDTCH MCS-6 (BLER 10%) 15.0 9.0 11.0 15.5 10.0 11.5 15.5 9.5 11.5

PDTCH MCS-7 (BLER 10%) 22.0 13.5 16.0 22.0 14.0 16.0 x 14.0 16.5

PDTCH MCS-8 (BLER 10%) x 18.0 20.0 x 18.0 20.0 x 18.5 21.0

PDTCH MCS-9 (BLER 10%) x 20.5 22.5 x 20.0 22.0 x 21.5 25.0

PDTCH CS-1 (BLER 10%) 6.5 1.0 3.0 7.0 1.5 3.5 7.0 0.5 2.5

PDTCH CS-2 (BLER 10%) 10.5 4.0 6.0 11.0 4.5 6.5 11.0 4.0 6.0

PDTCH CS-3 (BLER 10%) 12.5 6.0 8.0 12.5 6.5 8.0 13.0 6.0 8.5

PDTCH CS-4 (BLER 10%) x 12.0 14.0 x 12.5 14.5 x 14.5 18.0


Table 3: GSM900 PDTCH BLER Result Summary
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Interference - 1800 MHz Conv PS1 PS2 Conv PS1 PS2 Conv PS1 PS2

PDTCH MCS-1 (BLER 10%) 7.0 1.5 3.5 7.5 2.0 4.0 7.5 1.0 3.0

PDTCH MCS-2 (BLER 10%) 9.5 3.5 5.5 10.0 4.0 6.0 10.5 3.0 5.0

PDTCH MCS-3 (BLER 10%) 15.0 7.0 9.0 15.5 7.5 9.5 16.5 7.5 9.5

PDTCH MCS-4 (BLER 10%) x 10.5 12.5 x 11.0 13.5 x 12.0 14.5

PDTCH MCS-5 (BLER 10%) 13.0 7.0 9.0 13.5 7.5 Not Ready 13.0 7.5 Not Ready

PDTCH MCS-6 (BLER 10%) 15.0 9.0 11.0 15.5 10.0 Not Ready 15.5 9.5 Not Ready

PDTCH MCS-7 (BLER 10%) 22.0 13.5 16.0 x 14.0 Not Ready x 14.0 Not Ready

PDTCH MCS-8 (BLER 10%) x 18.0 20.0 x 18.0 Not Ready x 18.5 Not Ready

PDTCH MCS-9 (BLER 10%) x 20.5 23.0 x 20.0 Not Ready x 21.5 Not Ready

PDTCH CS-1 (BLER 10%) 6.5 1.0 3.0 7.0 1.5 Not Ready 7.0 0.5 Not Ready

PDTCH CS-2 (BLER 10%) 10.5 4.0 6.0 11.0 4.5 Not Ready 11.0 4.0 Not Ready

PDTCH CS-3 (BLER 10%) 12.5 6.0 8.0 12.5 6.5 Not Ready 13.0 6.0 Not Ready

PDTCH CS-4 (BLER 10%) x 12.0 14.0 x 12.5 Not Ready x 14.5 Not Ready


Table 4: DCS1800 PDTCH BLER Result Summary
x) Note: these results were either out of the simulation range of up to 22dB, or 10% BLER was not reached.

3.1.2 AMR

The C/I (C/I1) for AMR, and HR-AMR FER of 1% are listed in Table 5 and Table 6 for GSM900, and DCS1800 respectively. 
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Interference - 945 MHz Conv PS1 PS2 Conv PS1 PS2 Conv PS1 PS2

TCH/AFS 5.9 (1% FER) 4.5 -3.8 -2.1 1.4 -1.3 Not Ready 1.1 Not Ready -2.9

TCH/AFS 7.4 (1% FER) 2.3 -2.8 -0.9 2.7 -0.1 Not Ready 2.6 Not Ready -1.6

TCH/AFS 12.2 (1% FER) 5.7 0.1 2.1 5.9 2.6 Not Ready 5.8 Not Ready 1.6

TCH/AHS 7.4 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready

TCH/AHS 5.9 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready


Table 5: GSM900 TCH/AxS FER Result Summary
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Interference - 1800 MHz Conv PS1 PS2 Conv PS1 PS2 Conv PS1 PS2

TCH/AFS 5.9 (1% FER) 4.5 -3.8 -2.1 1.4 -1.3 Not Ready 1.1 Not Ready -2.9

TCH/AFS 7.4 (1% FER) 2.3 -2.8 -0.9 2.7 -0.1 Not Ready 2.6 Not Ready -1.6

TCH/AFS 12.2 (1% FER) 5.7 0.1 2.1 5.9 2.6 Not Ready 5.8 Not Ready 1.6

TCH/AHS 7.4 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready

TCH/AHS 5.9 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready


Table 6: DCS1800 TCH/AxS FER Result Summary
3.2 Sensitivity Scenarios

3.2.1 PDTCH

The minimum required input power at both antennas for PDTCH BLER of 10% is listed in Table 7 and Table 8, respectively.

In this case the performance degradation of PS2 relative to PS1 is more significant, since the AGI component of the former parameter-set comes into play.
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Sensitivity - 945MHz Conv PS1 PS2 Conv PS1 PS2

PDTCH MCS-1 (BLER 10%) -105.5 -110.5 -107.0 -105.5 -110.5 -107.0

PDTCH MCS-2 (BLER 10%) -103.5 -108.5 -105.0 -102.5 -108.5 -105.0

PDTCH MCS-3 (BLER 10%) -97.5 -105.5 -101.5 -94.5 -105.0 -100.5

PDTCH MCS-4 (BLER 10%) -93.5 -101.5 -97.5 x -100.0 -94.0

PDTCH MCS-5 (BLER 10%) -98.5 -103.5 -100.5 -97.5 -103.0 -100.0

PDTCH MCS-6 (BLER 10%) -96.0 -101.5 -98.5 -93.5 -101.0 -97.5

PDTCH MCS-7 (BLER 10%) -91.0 -98.0 -94.5 x -95.5 -89.0

PDTCH MCS-8 (BLER 10%) x -94.5 -90.5 x x x

PDTCH MCS-9 (BLER 10%) x -92.0 x x x x

PDTCH CS-1 (BLER 10%) -106.0 -110.5 -107.5 -106.0 -111.0 -107.0

PDTCH CS-2 (BLER 10%) -102.5 -108.0 -104.5 -101.5 -108.0 -104.0

PDTCH CS-3 (BLER 10%) -101.0 -106.5 -103.0 -99.0 -106.5 -102.0

PDTCH CS-4 (BLER 10%) -91.0 -99.5 -96.0 x -97.0 -92.5


Table 7: GSM900 PDTCH BLER Result Summary
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Sensitivity - 1800 MHz Conv PS1 PS2 Conv PS1 PS2

PDTCH MCS-1 (BLER 10%) -105.5 -110.5 -107.0 -105.5 -110.5 -107.0

PDTCH MCS-2 (BLER 10%) -103.5 -108.5 -105.0 -102.5 -108.5 -105.0

PDTCH MCS-3 (BLER 10%) -98.0 -105.5 -101.5 -94.5 -105.0 -100.5

PDTCH MCS-4 (BLER 10%) -93.5 -101.5 -97.5 x -100.0 -94.0

PDTCH MCS-5 (BLER 10%) -98.5 -103.5 -100.5 -97.5 -103.5 -100.0

PDTCH MCS-6 (BLER 10%) -96.0 -101.5 -98.5 -93.5 -101.0 -97.5

PDTCH MCS-7 (BLER 10%) -91.0 -98.0 -94.5 x -95.5 -89.0

PDTCH MCS-8 (BLER 10%) x -94.5 -90.5 x x x

PDTCH MCS-9 (BLER 10%) x -92.0 x x x x

PDTCH CS-1 (BLER 10%) -106.0 -110.5 Not Ready -106.0 -111.0 Not Ready

PDTCH CS-2 (BLER 10%) -102.5 -108.0 Not Ready -101.5 -108.0 Not Ready

PDTCH CS-3 (BLER 10%) -101.0 -106.5 Not Ready -99.0 -106.5 Not Ready

PDTCH CS-4 (BLER 10%) -91.0 -99.5 Not Ready x -97.0 Not Ready


Table 8: DCS1800 PDTCH BLER Result Summary
x) Note: these results were either out of the simulation range of up to 22dB Es/No, or 10% BLER was not reached.

3.2.2 AMR

The minimum required input power at both antennas for AMR, and HR-AMR FER of 1% is listed in Table 9 and Table 10 for GSM900 and DCS1800, respectively. 
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Sensitivity - 945MHz Conv PS1 PS2 Conv PS1 PS2

TCH/AFS 5.9 (1% FER) -108.0 -112.5 -109.0 -108.0 -112.5 -109.5

TCH/AFS 7.4 (1% FER) -106.5 -111.0 -108.5 -106.5 -111.0 -108.0

TCH/AFS 12.2 (1% FER) -103.0 -108.5 -105.5 -104.0 -109.0 -105.5

TCH/AHS 7.4 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready

TCH/AHS 5.9 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready


Table 9: GSM900 TCH/AxS FER Result Summary
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Sensitivity - 1800 MHz Conv PS1 PS2 Conv PS1 PS2

TCH/AFS 5.9 (1% FER) -108.0 -112.5 -109.0 -108.0 -112.5 -109.5

TCH/AFS 7.4 (1% FER) -106.5 -111.0 -108.5 -106.5 -111.0 -108.0

TCH/AFS 12.2 (1% FER) -103.0 -108.5 -105.5 -104.0 -109.0 -105.5

TCH/AHS 7.4 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready

TCH/AHS 5.9 (1% FER) Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready


Table 10: DCS1800 TCH/AxS FER Result Summary
4. Conclusions / Recommendations

This document provides exemplary performance results for the MSRD minimum requirements discussion. Additional results are intended to be provided in GERAN #30 meeting. 
Ultimately, specified mimimum performance figures have to be tested, and care must be taken to define the minimum amout of tests that would still ensure proper system performance. To that end, several opportunities for reducing the number of tests have been identified.
Since the effect of signal correlation between antennas has a significant effect on performance, we recommend that few exemplary cases using PS2 should still be defined for both interference and sensitivity tests.

Results reported in this document also indicate that all PDTCH requirements may be defined using a consistent reference point of 10% BLER.
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