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On the impact of antenna gain imbalance and correlation on MS RX diversity performance 

1 Introduction

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

The focus of this document is on the impact of antenna gain imbalance and correlation on MS RX diversity link level performance in interference-limited scenarios. This impact is studied for 

· Data and voice traffic,

· GSM850/900 and DCS1800/PCS1900,

· TU3 with no and ideal frequency hopping. 

In order to allow a direct comparison of the presented results with complementary results presented in [1]

 REF _Ref117473070 \r \h 
[2], the performance is evaluated for the DARP test scenarios DTS-1 and DTS-2 and SAIC GERAN configuration 2 specified in [3].

2 Simulation assumptions

MS RX diversity performance in interference-limited scenarios is evaluated by using the general multiple interferer model shown in Figure 1. Assuming identical signal correlations for the wanted signal and all interferers, 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. 

Standard parameters like RF impairments, floating point margin and tolerances are also accounted for in the simulations. 
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Figure 1: Link level model for interference-limited scenario

	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

The specific assumptions made with respect to interferer statistics and multipath propagation model in the different interference-limited scenario are presented in detail subsequently. 

2.1 DARP Test Scenarios

Choosing the interferers statistics itself according to test cases DTS-1 and DTS-2 specified in Table 2 TS 45.005 for DARP/SAIC (see ), the results are simulated for 

· TU 3 no FH multipath propagation model, 

· GSM900 frequency band.

	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: Interferer levels used for DTS-1 and DTS-2 

For both interferer models, the performance is evaluated 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 1) 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).

2.2 SAIC GERAN Configuration 2 

For network configuration 2, also referred to as GERAN 40% load model, the interferers’ statistics is chosen as given in Table 3. DAIC performance is evaluated for a synchronized network with

· TU 3 ideal FH multipath propagation model, 

· PCS1900 frequency band.
	Link Parameter
	Configuration 2 40% Load

	Desired signal, C

TSC

Fading
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	6 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	10 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	9 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	14 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar1
TSC

No Fading
	15 dB

NA


Table 3: Interferer levels for network configuration 2

As before, the performance is simulated for the combination of 

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

· 8PSK modulated wanted signal and 8PSK modulated interferer(s). 
3 Simulation results for Feasibility Study

3.1 DARP test scenarios

Performance results for DTS-1 and DTS-2 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 (BLER) of 10% and 30% is achieved for MCS-1 to MCS-9 and MCS-8/MCS-9, respectively.

For benchmarking of MS RX diversity, the co-channel interference performance limits (derived1 from TS 45.005, Table 2a and 2cTable 4) are included in  for MCS-1 to MCS-9.  

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.
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Table 4: Diversity receiver performance for DTS-1 and DTS-2

3.2 SAIC GERAN Configuration 2

MS RX diversity performance results for configuration 2 and the antenna output signal parameter sets in Table 1 are given below.

The uncoded bit error ratios for GMSK modulated normal bursts and 8PSK modulated normal bursts vs. carrier-to-interference ratio (C/I) are shown in Figure 2.  

The block error ratios vs. C/I for GMSK and 8PSK modulated packet switched data channel switched data channels MCS-1 to MCS-9 are depicted in Figure 3.

The frame error ratios vs. C/I for GMSK modulated voice traffic channels AFS5.9, 7.95 and 12.2 are shown in Figure 4.
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Figure 2: Uncoded BER of MS RX diversity for GMSK (left figure) and 8PSK (right figure), configuration 2 and different antenna gain imbalances and correlations 
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Figure 3: BLER of MS RX diversity for MCS-1 to MCS-4 (left figure) and MCS-5 to MCS-9 (right figure), configuration 2 and different antenna gain imbalances and correlations  
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Figure 4: FER of MS RX diversity for voice traffic channels AFS5.9, AFS7.95 and AFS12.2, configuration 2 and different antenna gain imbalances and correlations

4 Conclusions

The presented link level simulations show that the performance variation of MS RX diversity is around 1dB for interference-limited scenarios and antenna output signal parameters assumed to be achievable in a handheld form-factor. 

This holds true for

· Transmission in GSM high and low bands 

· Transmission with ideal frequency hopping and without frequency hopping

Taking into account that this performance variation of MS RX diversity in interference-limited scenarios is by far smaller than the provided performance gains compared to single antenna receivers, this underlines again that the influence of the antenna gain imbalance and correlation is negligible in MS RX diversity performance characterization for these scenarios.  
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� LINK Excel.Sheet.8 "C:\\Documents and Settings\\dep12922\\Local Settings\\Temp\\geran_fs\\Internal_Results_DTS1_2_v1.xls" "DTS-1|2 TU3nFH  plus margin!R2C1:R16C9" \a \p �Error! Not a valid link.�
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� After the Rx filter assuming an 18dB ACP.
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Table 2a,2c

DAIC - PS 1

(G 0dB, corr. 0%)

DAIC - PS 2

(G 0dB, corr. 70%)

DAIC - PS 3

(G -3dB, corr. 70%)

TS 45.005 v6.10.0  

Table 2a, 2c

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

13

-1,6

-0,4

-0,4

13,6

3,8

4,6

5,0

PDTCH MCS-2

15,0

-1,5

-0,3

-0,3

15,6

4,8

5,6

5,9

PDTCH MCS-3

16,5

1,4

2,7

2,7

17,1

7,5

8,3

8,7

PDTCH MCS-4

19,0

2,8

4,2

4,3

19,6

11,1

11,8

12,1

8PSK(C)/8PSK(I)
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19,5

0,4

1,2

1,5

20,1

12,7

13,1

13,5
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4,7

5,1

5,6

22,1

16,2

16,6

16,8

PDTCH MCS-7

26,5
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13,5

13,6

27,1

21,3

21,8

22,0

PDTCH MCS-8 (10%BLER)
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20,4

20,9

21,0

31,1

25,0

26,0

26,1
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9,9
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--
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25,5

16,5
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17,1

26,1

22,6

23,4
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