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Impact of Gain Imbalance on MSRD Performance
1 Introduction
This contribution clarifies the impact of antenna gain imbalance on the performance gain of mobile station receive diversity, both in sensitivity limited scenarios and interference limited scenarios.   

2 Motivation for Study
A teleconference on MSRD interference scenarios was held on March 16, 2006.  It was felt that it may not be necessary to consider antenna gain imbalance in interference limited scenarios, however it was agreed at that time to apply both correlation and gain imbalance parameters for all simulations until more is known.

The goal of this study is to examine the impact that antenna gain imbalance has on MSRD performance.
3 Simulation Details
The simulations used to obtain the results in this paper have been structured according to the working assumptions that resulted from the phone conference held on March 16, 2006.  These are summarized as follows:

· Fading profiles are TU50nFH and HT100nFH for sensitivity limited scenarios, and TU50nFH only for interference limited scenarios

· Test scenarios for GMSK carrier are DTS-1, DTS-2 and DTS-5 with all interference GMSK modulated.

· Test scenarios for 8PSK carrier are DTS-1b, DTS-2 and DTS-5 with all interference GMSK modulated, except the cochannel in DTS-1b which is 8 PSK modulated.

· Implementation impairments are accounted for in the simulation results.  Receiver noise figure is 8 dB.
· Data is collected in the PCS1900 band.

· The physical and logical channels are evaluated for two parameter sets:  [ρ=0.7, AGI=0 dB], and [ρ=0.7, AGI=-6 dB]

The logical channels that were simulated are given in Table 1.

	PDTCH/MCS-1
	PDTCH/MCS-9 (30% BLER)

	PDTCH/MCS-4
	AMR TCH/AFS12.2 (1%FER)

	PDTCH/MCS-5
	AMR TCH/AFS 5.9 (1%FER)

	PDTCH/MCS-7
	AMR TCH/AHS 5.9 (1%FER)


Table 1 – Subset of logical channels used for simulations
4 Sensitivity Limited Scenarios

The model for sensitivity measurements involves adding white Gaussian noise to each branch of the received signal (see [1], [2], [3]).  The model is illustrated in Figure 1.
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Figure 1 – Sensitivity Analysis Link Level Model

The same fading profile is applied to both channel paths.  The received signal strength is defined as the signal strength on the primary path (r1), allowing a direct comparison to conventional receiver results.  Since this study is focusing on the effects of the gain imbalance only, the correlation coefficient is fixed at 0.7, as shown in the figure.

4.1 Performance Evaluation at 0 dB and -6 dB AGI

In the tables that follow, the sensitivity is defined as the input signal level at which the BLER is 10%, except where for MCS-9 and where bold type is used, where the BLER is 30%.   In Table 2 through Table 4, the results of the diversity receiver with AGI= 0 dB and AGI=-6 dB (ρ=0.7) are compared with the conventional and DARP Phase I receiver in stationary, TU50nFH, and HT100nFH propagation environments.  
	
	
	Diversity Receiver

	
	Conventional RX
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Sensitivity between AGI = [0, -6] dB

	
	Static
	Static
	Static
	

	
	Input Signal Level
	Input Signal Level
	Input Signal Level
	

	PDTCH/MCS-1
	-110.3
	 -112.53
	 -109.55
	3.0

	PDTCH/MCS-4
	-104.1
	 -106.48
	 -103.48
	3.0

	PDTCH/MCS-5
	-100.2
	-103.2
	-100.2
	3.0

	PDTCH/MCS-7
	-96.4
	-98.9
	-96.0
	3.0

	PDTCH/MCS-9 
	-93.2
	-94.9
	-91.9
	3.0

	AMR TCH/AFS12.2 (1%FER)
	 -109.3
	 -111.7
	 -108.7
	3.0

	AMR TCH/AFS 5.9 (1%FER)
	 -112.5
	 -114.6
	 -111.6
	3.0

	AMR TCH/AHS 5.9 (1%FER)
	 -109.3
	 -111.6
	 -108.5
	3.1


Table 2 – Stationary Environment Sensitivity Comparison

	
	
	
	Diversity Receiver

	
	Conventional RX
	DARP Phase I 
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Sensitivity between AGI = [0, -6] dB

	
	TU50nFH
	TU50nFH
	TU50nFH
	TU50nFH
	

	
	Input Signal Level
	Input Signal Level
	Input Signal Level
	Input Signal Level
	

	PDTCH/MCS-1
	-105.9
	-105.5
	-107.9
	-105.5
	2.4

	PDTCH/MCS-4
	-92.5
	-92.3
	-98.7
	-95.9
	2.8

	PDTCH/MCS-5
	-95.5
	 
	-98.5
	-95.9
	2.6

	PDTCH/MCS-7
	-86.4
	 
	-91.7
	-88.8
	2.9

	PDTCH/MCS-9 
	-86.1
	 
	-89.8
	-86.9
	2.9

	AMR TCH/AFS12.2 (1%FER)
	-104.7
	-104.2
	-106.9
	-104.5
	2.4

	AMR TCH/AFS 5.9 (1%FER)
	-109.0
	-108.4
	-110.5
	-108.1
	2.3

	AMR TCH/AHS 5.9 (1%FER)
	-102.8
	-102.3
	-105.7
	-103.2
	2.6


Table 3 – TU50nFH Environment Sensitivity Comparison

	
	
	Diversity Receiver

	
	Conventional RX
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Sensitivity between AGI = [0, -6] dB

	
	HT100nFH
	HT100nFH
	HT100nFH
	

	
	Input Signal Level
	Input Signal Level
	Input Signal Level
	

	PDTCH/MCS-1
	-102.7
	-106.2
	-103.6
	2.6

	PDTCH/MCS-4
	 
	-97.0
	-93.7
	3.3

	PDTCH/MCS-5
	-92.3
	-96.0
	-93.0
	3.0

	PDTCH/MCS-7
	 
	-87.8
	-84.1
	3.8

	PDTCH/MCS-9 
	 
	 
	 
	 

	AMR TCH/AFS12.2 (1%FER)
	-100.3
	-105.1
	-102.4
	2.7

	AMR TCH/AFS 5.9 (1%FER)
	-107.2
	-109.2
	-106.7
	2.5

	AMR TCH/AHS 5.9 (1%FER)
	-96.5
	-103.8
	-101.0
	2.7


Table 4 – HT100nFH Environment Sensitivity Comparison

4.2 Sensitivity Limited Performance Evaluation as a Function of AGI

To ensure consistent and monotonic results, a plot of the input signal levels at reference performance over a range of antenna gain imbalances was captured for the TU50nFH channel.  The results are shown in Figure 2.
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Figure 2 – AGI vs. Input Signal Level for AWGN, TU50nFH
5 Interference Limited Scenarios

The performance of the diversity receiver in interference limited scenarios is evaluated by using the general multiple interferer model specified in [1].  Identical signal correlations for the wanted signal and all interferers are assumed, and all users see the same multi-path profile.  This model is illustrated in Figure 3.
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Figure 3 – Interference Limited Scenario Link Level Model

5.1 Performance Evaluation at 0 dB and -6 dB AGI

In the tables that follow, the sensitivity is defined as the input signal level at which the BLER is 10%, except where for MCS-9 and where bold type is used, where the BLER is 30%.  In Table 5 through Table 7, the results of the diversity receiver with AGI= 0 dB and AGI=-6 dB (ρ=0.7) are compared with the conventional receiver in the TU50nFH propagation environment and test environments DTS-1/1b, DTS-2 and DTS-5.
	DTS 1/1b - TU50nFH
	
	
	Diversity Receiver

	
	Conventional RX
	DARP Phase I 
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Required C/I between AGI = [0, -6] dB

	
	TU50nFH
	TU50nFH
	TU50nFH
	TU50nFH
	

	
	Required C/I
	Required C/I
	Required C/I
	Required C/I
	

	PDTCH/MCS-1
	6.9
	-1.5
	-13.0
	-13.6
	-0.6

	PDTCH/MCS-4
	21.2
	17.9
	-4.0
	-4.0
	0.0

	PDTCH/MCS-5
	17.0
	 
	-4.8
	-4.9
	-0.1

	PDTCH/MCS-7
	27.0
	 
	5.8
	5.8
	0.0

	PDTCH/MCS-9 
	26.9
	 
	8.5
	8.5
	0.0

	AMR TCH/AFS12.2 (1%FER)
	8.4
	0.3
	-12.1
	-12.7
	-0.5

	AMR TCH/AFS 5.9 (1%FER)
	3.7
	-5.5
	-14.4
	-15.2
	-0.8

	AMR TCH/AHS 5.9 (1%FER)
	10.7
	2.7
	-11.3
	-11.8
	-0.5


Table 5 – DTS-1/1b Interference Limited Comparison
	DTS 2 - TU50nFH
	
	
	Diversity Receiver

	
	Conventional RX
	DARP Phase I 
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Required C/I between AGI = [0, -6] dB

	
	TU50nFH
	TU50nFH
	TU50nFH
	TU50nFH
	

	
	Required C/I
	Required C/I
	Required C/I
	Required C/I
	

	PDTCH/MCS-1
	7.6
	5.8
	-0.4
	0.6
	1.0

	PDTCH/MCS-4
	21.9
	20.4
	9.6
	10.4
	0.8

	PDTCH/MCS-5
	17.8
	 
	9.1
	9.8
	0.8

	PDTCH/MCS-7
	27.6
	 
	16.4
	17.0
	0.6

	PDTCH/MCS-9 
	27.6
	 
	18.5
	19.1
	0.6

	AMR TCH/AFS12.2 (1%FER)
	9.2
	7.2
	0.8
	1.7
	0.9

	AMR TCH/AFS 5.9 (1%FER)
	4.3
	2.5
	-3.0
	-2.0
	1.0

	AMR TCH/AHS 5.9 (1%FER)
	11.2
	9.3
	2.2
	3.1
	0.9


Table 6 – DTS-2 Interference Limited Comparison
	DTS 5 - TU50nFH
	
	
	Diversity Receiver

	
	Conventional RX
	DARP Phase I 
	ρ=0.7, AGI=0
	ρ=0.7, AGI=-6
	Difference in Required C/I between AGI = [0, -6] dB

	
	TU50nFH
	TU50nFH
	TU50nFH
	TU50nFH
	

	
	Required C/I
	Required C/I
	Required C/I
	Required C/I
	

	PDTCH/MCS-1
	8.3
	6.9
	1.1
	1.8
	0.7

	PDTCH/MCS-4
	23.0
	22.1
	11.6
	12.1
	0.4

	PDTCH/MCS-5
	17.5
	 
	10.2
	10.8
	0.6

	PDTCH/MCS-7
	27.6
	 
	17.9
	18.3
	0.4

	PDTCH/MCS-9 
	28.8
	 
	21.0
	21.3
	0.3

	AMR TCH/AFS12.2 (1%FER)
	9.8
	8.5
	2.3
	2.9
	0.6

	AMR TCH/AFS 5.9 (1%FER)
	5.0
	3.4
	-1.7
	-1.0
	0.7

	AMR TCH/AHS 5.9 (1%FER)
	11.8
	10.4
	3.7
	4.2
	0.5


Table 7 – DTS-5 Interference Limited Comparison

5.2 Interference Limited Performance Evaluation as a Function of AGI

To ensure consistent and monotonic results, a plot of C/I ratios at reference performance over a range of antenna gain imbalances was captured for the TU50nFH channel.  The results for each DTS are shown in Figure 4 through Figure 6.
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Figure 4 – AGI vs. C/I for DTS-1, TU50nFH
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Figure 5 – AGI vs. C/I for DTS-2, TU50nFH
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Figure 6 – AGI vs. C/I for DTS-5, TU50nFH
6 Conclusions
In the subsections below the impact of the antenna gain imbalance in sensitivity and interference limited scenarios is examined.  It is proposed to include these results in the feasibility study.
6.1 Sensitivity Limited Scenarios
The impact of the antenna gain imbalance was averaged across the logical channels simulated.  

The impact of the antenna gain imbalance with a stationary profile is very consistent across different logical channels.  In this test case, a 6 dB antenna gain imbalance results in an average 3 dB loss in sensitivity for all logical channels simulated.  

A 6 dB antenna gain degradation with TU50nFH results in an average 2.6 dB loss in sensitivity across the logical channels simulated.   

With HT100nFH, a 6 dB antenna gain degradation results in a average 2.9 dB across the logical channels simulated.  

In each of these cases it is clear that the antenna gain imbalance has a significant impact.  It is recommended to include the antenna gain imbalance in sensitivity limited MSRD evaluations. 

6.2 Interference Limited Scenarios
The impact of the antenna gain imbalance was averaged across the logical channels simulated.

The 6 dB antenna gain imbalance in DTS-1/1b interference limited scenarios decreased the average required C/I by 0.3 dB.

The 6 dB antenna gain imbalance in DTS-2 interference limited scenarios increased the average required C/I by 0.8 dB. 

For DTS-5, the 6 dB antenna gain imbalance increased the average required C/I by 0.5 dB.

The antenna gain imbalance has little impact on the performance, and is consistent across a range of imbalances.  Using a single gain imbalance value (i.e. – 6dB) is likely sufficient for simulation and evaluation purposes.
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