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Link level performance of MS RX diversity

1 Introduction

This contribution presents link level simulation results for inclusion into Section 6.4.1 of the GERAN evolution feasibility study. 

The performance gain of MS RX diversity is exemplified by means of block error ratio (BLER) improvements for EGPRS services. Results are given for both
· Sensitivity-limited scenarios

· Interference-limited scenarios

using the single input – dual output channel model as well as a multiple interferer model of [2]. 

The gains are evaluated for various combinations of antenna gain imbalance G and correlation (.  DARP test cases are used as baseline for the interferer model to allow a direct comparison between the performance provided by MS RX diversity and SAIC for GMSK modulated channels.  

2 Simulation assumptions

The specific assumptions made for evaluation of MS RX diversity performance in sensitivity-limited scenario and interference-limited scenario are presented in detail subsequently. 

Standard parameters like RF impairments, floating point margin and tolerances are also accounted for in the simulation results. Thereby, the provided results are deemed feasible as specification values for TS 45.005 according to our current best knowledge.

Sensitivity-limited scenario

Sensitivity performance is measured for the wanted signal being only interfered by additive white Gaussian noise using the single input – dual output channel model shown in Figure 1 (see also [2]

 REF _Ref112754678 \r \h 
[4]).
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Figure 1: Link level model for sensitivity limited scenarios

Choosing identical profiles for both multipath channels, the received wanted signal power is defined as the mean power of signal r1 (see Figure 1), so that the presented results are directly comparable with that of a single antenna receiver. The mean power level under multipath fading conditions is the mean power of the sum of the individual Rayleigh paths.
All results are simulated for 

· TU 50 no FH multipath propagation model, 

· DCS1800/PCS1900 frequency band.
The combinations of antenna gain imbalance G and correlation ( given in Table 1 are used

	Parameter set
	Antenna Gain Imbalance G [dB]
	Correlation (

	PS 1
	0
	0

	PS 2
	0
	0.7

	PS 3
	-3
	0.7


Table 1: Gain and correlation parameters used for tests

By applying these parameter sets, the performance of MS RX diversity is evaluated under following conditions:

· PS 1: uncorrelated signals/antennas and equal average receive power,

· PS 2: highly correlated signals/antennas, e.g., due to angle of arrival or small antenna spacing, and equal average receive power,

· PS 3: highly correlated signals/antennas, e.g., due to angle of arrival or small antenna spacing, and unequal average receive power, e.g., due to shadowing of one antenna by hand or head.

Note that the reference single antenna receiver is favoured by allowing only negative values for G as in practice a second antenna might also have a larger gain than the first one. 
Interference-limited scenario

MS RX diversity performance in interference-limited scenarios is evaluated by using the general multiple interferer model specified in [2] in combination with an appropriate extension of DARP/SAIC test cases to 8-PSK signals. 

Assuming identical signal correlations for the wanted signal and all interferers (see Figure 2), simulations are run with parameter sets 1 to 3 for antenna gain imbalance and correlation (see Table 1) while choosing for all users the same multipath profile and frequency bands as for the sensitivity-limited scenario. 

Please note that the assumption of identical correlations is backed by the observation that the actual choice of interferers’ signal correlations has minor influence on the performance compared to the number of interferers, their modulation schemes and signal powers [1]

 REF _Ref112754678 \r \h 
[4]

 REF _Ref112755450 \r \h 
[5]. 
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Figure 2: Link level model for interference-limited scenario

The interferers’ statistics itself is chosen according to test cases DTS-1 and DTS-2 specified in  TS 45.005 for DARP/SAIC, i.e., the interference robustness improvement is investigated for 

· a single synchronous co-channel interferer (DTS-1)

· multiple synchronous co- and adjacent channel interferers (DTS-2). 

	Test Case 
	Interfering Signal
	Interferer relative power level
	Interferer TSC
	Interferer delay range

	DTS-1
	Co-Channel 1
	0dB
	None
	No delay

	DTS-2
	Co-Channel 1

Co-Channel 2

Adjacent 1

AWGN
	0dB

-10dB

3dB

-17dB
	None

None

None

---
	No delay

No delay

No delay

---


Table 2: Test cases used for interference-limited scenario

For both interferer models, the performance is studied for the combination of 

· GMSK modulated wanted signal and GMSK modulated interferer(s) 

· 8PSK modulated wanted signal and 8PSK modulated interferer(s). 

Like for DARP/SAIC, the wanted signal always uses training sequence 0 while the midamble of the interferers is filled with random data bits. 

The power of the co-channel and adjacent channel interferer is measured in the signal r1 (see Figure 2) before any receiver filtering and during the active part of the desired burst.  All power levels are relative to the signal level of the strongest co-channel interferer. The level of the strongest co-channel interferer (Co-channel 1) is –80dBm and the AWGN power is measured over a bandwidth of 270,833kHz (see DARP test cases in TS 45.005).

Simulation results for Feasibility Study

Based on experience with SAIC feasibility study TR 45.903, a more direct approach for building appropriate link simulation and conformance test scenarios [3] can be chosen for the MS Receive Diversity feature as part of the FS for GERAN evolution [2]. Therefore the simulated performance results are presented in this paper directly as deemed feasible for MS requirement specification in TS 45.005. 

As usual, precision of 0.5 dB will be preferred in the spec, but in this paper it is advantageous to avoid this quantization step in order to have better comparability between columns with different model assumptions.

2.1 Sensitivity-limited scenario

The sensitivity performance of MS RX diversity is shown in Table 3 for packet switched channels PDTCH MCS-1 to MCS-9. The signal levels are given in dBm for which an MS RX diversity mobile terminal meets the block error rates specified in Section 6.2 of TS 45.005. For comparison, the corresponding signal levels specified in Table 1a and Table 1c of TS 45.005 for MCS-1 to MCS-4 and MCS-5 to MCS-9, respectively, are also included.

	 
	TS 45.005
Tables 1a,1c
	DAIC - PS 1
(G 0dB, corr. 0%)
	DAIC - PS 2
(G 0dB, corr. 70%)
	DAIC - PS 3
(G -3dB, corr. 70%)

	GMSK
	 
	 
	 
	 

	PDTCH MCS-1 (BLER 10%)
	-100,5
	-107,7
	-106,9
	-105,6

	PDTCH MCS-2 (BLER 10%)
	-98,5
	-106,2
	-105,5
	-104,0

	PDTCH MCS-3 (BLER 10%)
	-94,5
	-102,4
	-101,3
	-99,9

	PDTCH MCS-4 (BLER 10%)
	-88,5
	-97,2
	-96,1
	-94,6

	8PSK
	 
	 
	 
	 

	PDTCH MCS-5 (BLER 10%)
	-93,5
	-98,9
	-98,3
	-96,9

	PDTCH MCS-6 (BLER 10%)
	-91,0
	-96,9
	-96,2
	-94,8

	PDTCH MCS-7 (BLER 10%)
	-81,5
	-91,9
	-90,9
	-89,6

	PDTCH MCS-8 (BLER 10%)
	--
	-87,8
	-86,6
	-85,2

	PDTCH MCS-8 (BLER 30%)
	-80,0
	-90,7
	-89,7
	-88,3

	PDTCH MCS-9 (BLER 10%)
	--
	-84,4
	-83,0
	-81,5

	PDTCH MCS-9 (BLER 30%)
	--
	-87,5
	-86,5
	-85,0


Table 3: Feasible specification values for diversity receiver sensitivity performance, 
TU 50 no FH, 1800/1900 MHz

Interference-limited scenario

Performance results in interference-limited scenarios are provided for packet switched channels in Table 4. The carrier-to-dominant co-channel interference ratio (C/I1) is given in dB for which a block error ratio of 10% and 30% is achieved for MCS-1 to MCS-9 and MCS-8/MCS-9, respectively.

For benchmarking of MS RX diversity and GMSK modulated signals, the corresponding DARP-phase 1 limits (TS 45.005, Table 2o) as well as the co-channel interference performance limits (derived1 from TS 45.005, Table 2aTable 4) are included in  for MCS-1 to MCS-4.  

For assessment of MS RX diversity and 8PSK modulated signals, the 8PSK co-channel interference performance limits specified for MCS-5 to MCS-9 are used (derived1 from TS 45.005, Table 2c).

Note 1: The limits given in Tables 2a, 2c of TS 45.005, which correspond to a single synchronous interferer test case (DTS-1), are applied to C/I and increased by 0,61 dB when used as reference for C/I1 in DTS-2.

	 
	DTS-1

C/I1 = C/I
	DTS-2 

C/I1

	
	TS 45.005 
Tables 2a, 2c
	TS 45.005  
Table2o (DARP)
	DAIC - PS 1
(G 0dB, corr. 0%)
	DAIC - PS 2
(G 0dB, corr. 70%)
	DAIC - PS 3
(G -3dB, corr. 70%)
	TS 45.005 
Tables 2a,2c 1
	TS 45.005 
Table 2o (DARP)
	DAIC - PS 1
(G 0dB, corr. 0%)
	DAIC - PS 2
(G 0dB, corr. 70%)
	DAIC - PS 3
(G -3dB, corr. 70%)

	GMSK(C)/GMSK(I)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PDTCH MCS-1 (BLER 10%)
	10,0
	3,5
	-5,5
	-5,0
	-4,9
	10,6
	9,0
	0,8
	1,5
	1,9

	PDTCH MCS-2 (BLER 10%)
	12,0
	6,5
	-5,1
	-4,6
	-4,5
	12,6
	11,0
	2,3
	3,1
	3,5

	PDTCH MCS-3 (BLER 10%)
	17,0
	11,5
	-1,7
	-1,0
	-0,9
	17,6
	15,0
	6,8
	7,4
	7,9

	PDTCH MCS-4 (BLER 10%)
	23,0
	19,5
	3,9
	4,4
	4,6
	23,6
	22,0
	12,5
	13,1
	13,5

	8PSK(C)/8PSK(I)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PDTCH MCS-5 (BLER 10%)
	15,0
	 
	-2,4
	-1,9
	-1,5
	15,6
	 
	9,8
	10,1
	10,4

	PDTCH MCS-6 (BLER 10%)
	18,0
	 
	1,6
	2,2
	2,4
	18,6
	 
	13,3
	13,6
	13,9

	PDTCH MCS-7 (BLER 10%)
	27,5
	 
	10,8
	11,1
	11,3
	28,1
	 
	19,5
	20,0
	20,2

	PDTCH MCS-8 (BLER 10%)
	--
	 
	21,3
	22,1
	22,1
	--
	 
	25,5
	26,5
	26,5

	PDTCH MCS-8 (BLER 30%)
	29,5
	 
	12,8
	12,9
	13,1
	30,1
	 
	20,0
	20,6
	20,8

	PDTCH MCS-9 (BLER 10%)
	--
	 
	26,6
	28,0
	28,0
	--
	 
	29,4
	30,7
	30,7

	PDTCH MCS-9 (BLER 30%)
	--
	 
	19,2
	19,9
	19,9
	--
	 
	23,6
	24,5
	24,7


Table 4: Feasible specification values for diversity receiver interference performance, 
TU 50 no FH, 1800/1900 MHz

Discussion

Inspecting the sensitivity results given in Table 3 shows:

· MS RX diversity yields a sensitivity increase of about 5.5dB to 10dB compared to the specified GERAN limits under the assumption of zero antenna gain imbalance and correlation.

· The gain is reduced by about 1dB for 70% correlation and no antenna gain imbalance. 

· Additional 1dB to 1.5dB are lost if an antenna gain imbalance of 3dB is present beside a correlation of 70%.

Sensitivity gain of more than 3dB is achieved by MS RX diversity compared to the established standard even for the worst-case antenna parameter set. This result is achieved for practically feasible antenna parameters and clearly supports the expectation of relevant network coverage improvement. When antenna correlation and gain differences are occasionally stronger, the gain will be reduced more significantly, but specification of MS diversity sensitivity requirements could nevertheless focus on the best case antenna parameters and need not check this degradation in MS conformance testing.

The results for interference-limited scenarios listed in Table 4 show:

· MS RX diversity offers performance gains of up to more than 10dB in the presence of a single as well as multiple synchronous interferers.

· Significant performance gains are attainable for GMSK modulated signals (MCS-1 to MCS-4) as well as 8PSK modulated signals (MCS-5 to MCS-9).

· The performance gains are almost unchanged over a wide range of correlations and antenna gain imbalances for interference limited scenarios (see also [1]). 

Moderate antenna correlation (PS 2) and gain differences (PS 3) seem to be quite irrelevant for specifying MS diversity interference requirements. Therefore also the assumption of different correlation factors for the desired and multiple interfering signal sources in the multiple interferer model of the Feasibility Study ([2], Figure 4) does not look necessary and can be omitted, as proposed in [4] and [5].

In summary, this paper shows very high link gains by MS Receive Diversity in various realistic cases. On this basis it should be considered to conclude directly that these link gains will map in relevant system level gains and start directly standardization of MS requirements, without awaiting completion of system level simulations [3]. 

3 Conclusions

The presented MS RX diversity link level simulations show that this technique can provide significant performance gains in sensitivity and interference limited scenarios. There is no doubt that these gains translate into major increases of spectral efficiency, improved coverage and increased average data rates. MS RX diversity fully agrees with the objectives of GERAN evolution. 

In order to proceed, we propose:

· To use the DARP test cases as baseline for testing of MS RX diversity in interference limited scenarios and to appropriately extend them by adding a second signal path and 8-PSK channels.

· To use parameter sets with non-zero antenna gain imbalance and correlations for MS RX diversity evaluation by means of simulations within the framework of the feasibility study.

· To restrict to zero antenna gain imbalance and correlation in further specifications and conformance tests for MS Receive Diversity.
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