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Channel modelling and parameter selection for MS Receive Diversity
1. Introduction

At TSG GERAN#26, performance results for a MS Receive Diversity receiver were presented in [1], using different correlation coefficients in desired and interferer branches of the channel model. Also the effect of applying a random phase offset in one of the branches was studied. The present contribution provides some further results to these studies as well as suggestions for parameter selection to evaluate the performance of the MS receive diversity feature. 
In addition, a few plots on the channel model characteristics are presented for information. We propose that the results of this contribution are captured in the GERAN evolution feasibility study[2].
2. Channel Model Characteristics
To study the characteristics of the channel model in [2], a set of samples were dumped from each branch of the model and the correlation was calculated by means of a sliding window. The following parameters were applied:

· Mean correlation was set to 
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· C/I was 5dB

· Cochannel Interference was applied

Figure 1 shows the correlation as a function of time when applying a sliding window of 1 second on a TU3nFH channel @ 945 MHz. 
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Figure 1: Antenna correlation values in steps of 100ms using a window width of 1s. C/I of 5 dB. TU3nFH945.
Figure 2 shows the same data, but here the correlation is calculated using a 4 seconds window. This means that more statistics is taken into account when calculating the correlation. 4 seconds corresponds to around 10 times the wavelength at 945MHz. As expected the curve is a bit smoother and the variance is reduced.  
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Figure 2: Antenna correlation values in steps of 100ms using a window width of 4s. C/I of 5 dB. TU3nFH945.
Figure 3 and Figure 4 shows the plots using a TU50nFH channel profile and a window size of 200ms and 1s, respectively. 
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Figure 3: Antenna correlation values in steps of 100ms using a window width of 200ms. C/I of 5 dB. TU50nFH945.
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Figure 4: Antenna correlation values in steps of 100ms using a window width of 1s. C/I of 5 dB. TU50nFH945.
Figure 5 and Figure 6 shows the burst-wise correlation for a TU3 channel with and without frequency hopping. The plots are presented for information only since calculation of the correlation coefficient over a period as short as one burst is probably inadequate. 

[image: image6.wmf]0

100

200

300

400

500

600

700

800

900

1000

0.4

0.5

0.6

0.7

0.8

0.9

1

Burst Number

correlation coefficient - 

Rho

TU3nFH945 MHz - Burstwise Correlation


Figure 5: Burst-wise correlation. 4 times over sampling.  TU3nFH 945 MHz. C/I 5dB

[image: image7.wmf]0

100

200

300

400

500

600

700

800

900

1000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Burst Number

correlation coefficient - 

Rho

TU3iFH945 MHz - Burstwise Correlation


Figure 6: Burst-wise correlation. 4 times over-sampling. TU3iFH 945 MHz. C/I 5dB

3. Desired and Interferer Correlation
At GERAN#26, we presented some plots showing performance as a function of correlation in the interferer signal branch for a fixed correlation in the desired branch of 0.4 and 0.6. In the following results are provided for a correlation range of [0, 0.3 0.5 0.6 0.7 0.8 0.9 1.0] for both desired and interferer. The multi-interferer model specified in [2] was used, and is shown in Figure 7 for reference. 
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Figure 7: Multiple interferer model [2].

Figure 8 shows the performance for the MSRD receiver, as a function of the correlation in the desired and interferer branch. The performance is measured as the C/I level in dB at which a rawBER of 1 % is reached. 

[image: image9.emf]0

0.2

0.4

0.6

0.8

1

0

0.5

1

-4

-2

0

2

4

6

Correlation Desired

DTS1

Correlation Interferer

dB@1%BER


Figure 8: DTS-1. GMSK.
As seen on Figure 8, the performance is relatively constant across the performance surface, except when the correlation is close to one. At this point the performance becomes similar to the performance of a single branch receiver with SAIC
. Applying the same correlation in desired and interferer branch seems to result in average to worst-case performance.  
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Figure 9: DTS-2. GMSK.
Figure 9 shows the corresponding plots for DTS-2, which contains multiple interferers. The MSRD receiver shows a performance surface similar to the DTS-1 scenario. That is, a relatively flat performance surface except for very high correlations. 

4. Random Phase Offset
At GERAN#25 and GERAN#26 it was also discussed if a random phase offset should be applied to each branch of the desired and interfering signals. The arguments used for applying such an offset were that it supposedly could model the complex nature of the correlation, originating from different antenna spacing and/or angle of arrival. We do not agree with these arguments and believe that the different phase offsets are sufficiently modelled by the fact that the different branches in the channel model fade independently. Nevertheless, to study the impact of applying this offset, a series of simulations were run on a TU50 channel without frequency hopping using a random phase offset in the interval; 
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. Table 1 to Table 3 shows the performance for cochannel interference, adjacent channel interference and sensitivity. The performance is once again presented as the C/I or SNR level in dB at which a rawBER of 1% is reached. Also, the effect of applying different correlation is studied. 

Note; A different phase offset is applied to the desired and interferer branches. 

	Correlation
	With Phase offset
	Without Phase offset
	Difference

	0.0
	-17.64
	-17.62
	0.02

	0.5
	-16.81
	-16.74
	0.07

	0.6
	-16.46
	-16.34
	0.12

	0.7
	-16.05
	-15.83
	0.22

	0.8
	-15.43
	-15.07
	0.36

	0.9
	-14.53
	-14.10
	0.43

	1.0
	-12.38
	-11.39
	0.99


Table 1: Performance with and without phase offset. Adjacent Channel 

	Correlation
	With Phase offset
	Without Phase offset
	Difference

	0.0
	-1.58
	-1.60
	0.02

	0.5
	-0.89
	-0.75
	0.14

	0.6
	-0.30
	-0.11
	0.19

	0.7
	-0.65
	0.36
	0.29

	0.8
	0.16
	0.72
	0.56

	0.9
	0.73
	1.67
	0.94

	1.0
	1.85
	4.28
	2.43


Table 2: Performance with and without phase offset. Cochannel (DTS-1)

	Correlation
	With Phase offset
	Without Phase offset
	Difference

	0.0
	6.93
	6.92
	0.01

	0.5
	7.55
	7.54
	0.01

	0.6
	7.81
	7.80
	0.01

	0.7
	8.15
	8.15
	0.00

	0.8
	8.62
	8.63
	0.01

	0.9
	9.36
	9.39
	0.03

	1.0
	11.17
	11.16
	0.01


Table 3: Performance with and without phase offset. Sensitivity

The conclusion of the simulations can be summarized as:

· Co-channel: For correlation values in the range of 0 – 0.8 the max impact of the phase offset is 0.5 dB. For correlations of 0.9 and 1.0 there is a gain of 1 and 2.5 dB when applying a phase offset. 

· Adjacent: For correlation values in the range of 0 – 0.9 the max impact of the phase offset is 0.4 dB. For a correlation of 1.0 there is a gain of 1 dB when applying a phase offset.

· Sensitivity: The phase offset has no impact. 

5. Discussion
This contribution has presented performance results showing the performance impact of having a different correlation in the desired and interferer branches of the channel model for MSRD. Also, the effect of applying a random phase offset to one of the branches has been studied. The following can be concluded from the simulations of this contribution;
· Correlation: In terms of MS performance applying the same correlation in the desired and interfering branches seems to results in average to worst-case performance for the scenarios studied here. 
· Phase offset: Applying a random phase offset has no effect in a sensitivity limited scenario and little effect in interference limited scenarios except when the correlation becomes larger than ~0.9. When the correlation is this high the random phase offset introduces a gain of 1-2.5 dB. 
In general it has been recognised in several contributions and also captured in the feasibility study that the correlation coefficient depends on several factors, such as angle of arrival, presence of a user and antenna design. It also seems that there is general agreement in GERAN that it is sufficient to use a single correlation coefficient to model the correlation on all signal sources. That is, to use the same correlation coefficient for both interfering and desired signal branches. The results shown in this contribution supports this. 
Concerning the phase offset, we believe that inclusion of such is not justified. Also, the impact of the phase offset has been shown to be negligible for correlations below 0.8 in interference limited scenarios and there is no effect at all in sensitivity limited scenarios. The gains achieved when applying the phase offset are believed to originate from the fact that rotation of the interfering signals will aid interference cancellation algorithms at high correlation values. 
5.1 Parameter Selection for further specification of MSRD link level performance

Assuming that the proposal above is acceptable for TSG GERAN, only two parameters remain in the link level models of MS receive diversity; Antenna correlation and antenna gain imbalance - as has been the working assumption until now. 
In order to evaluate the gains of MS receive diversity, these values should be carefully selected so that when used in simulations, the results will reflect realistic link level performance. Now, since both parameters are influenced by a number of MS implementation and user dependent factors it may be most suitable to specify a set of parameters that would reflect the performance bounds. That is, best and worst case values. Obviously, best case values would be uncorrelated signals and no gain imbalance. 
As for selecting the worst case or typical values, several contributions have proposed values and shown the impact in terms of receiver performance for different architectures [6][7][8][9][10]. In general, it seems that the diversity receivers are relatively insensitive to parameter variations. That is, large gains are achieved even for high values of both correlation and antenna gain imbalance. 

Apart from simulation results, [8] provides a small survey of scientific publications that deals with antenna correlation and antenna gain imbalance. These references have also been captured in the MSRD section of the GERAN evolution feasibility study [1]. As additional information, a few references to other publications are provided below.
In [3] the performance of different antenna types (dipole, patch in 3 configurations) on a small handset is studied with and without the presence of a user by means of measurements. The correlation is found to be below 0.4 in free space and rises to around 0.6 when the user is present for the different antenna types. In [4] the diversity gains of handheld phones are assessed by means of measurements. Also here the presence of a user’s head is included, and low correlation is obtained (~0.1). In [5] the potential diversity performance of a handheld phone is studied in a UMTS bandwidth scenario. 150 test persons used the handset in a normal speaking position, and for all 150 persons the correlation was always below 0.7. The antenna gain imbalance had a maximum of around 4 dB when using a dipole and a patch antenna for certain users.  
Based on the above as well as the findings reported in the feasibility study [1], the values in Table 4 are proposed to be used in simulations during the next phase of the performance evaluation of MS receive diversity. 
	Parameter Set
	Magnitude of complex Correlation
	Antenna gain imbalance

	A
	0.0
	0 dB

	B
	0.7
	6 dB


Table 4: Proposed values for simulation of MSRD Performance
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Figure 10: Sensitivity. Solid - without phase offset. Dotted, star - with phase offset.
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Figure 11: Adjacent. Solid - without phase offset. Dotted, star - with phase offset.
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Figure 12: Cochannel. Solid - without phase offset. Dotted, star - with phase offset.
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Figure 13: DTS-2. Solid - without phase offset. Dotted, star - with phase offset.
� A SAIC receiver would cross the 1% rawBER at around 5dB.
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