3GPP TSG-RAN WG4 #50
R4-090718
February 9th –  13th  2009

Athens, Greece
Agenda item:
6.1.2.5
Source: 
Qualcomm Europe

Title: 
Evaluation of CSI time averaging with PA channel
Document for:
Discussion
1. Introduction 

This document presents simulation results on the proposed CSI time averaging test in [1].  The proposed fading test is based on the relative throughput gain of follow-CQI test over fixed-CQI test over a slow fading channel. In this contribution, we examine the CQI spread under different geometry and verify the relative performance gain with proper CSI time averaging. We also observed some sensitivity in the test results to CQI quantization and CQI bias. It is recommended that the findings in this contribution to be included in the CSI time averaging test methodology.
2. Test Methodology
The test procedure could be found in [1]. In the proposed test methodology, PA5 is used to represent a realistic slow fading channel. The test equipment configures (varying) TBS according to the reported wideband CQI in the follow-CQI test. Both throughput and CQI spread are captured in the test results. Then the test equipment configures a fixed TBS according to the median CQI, and captures the average throughput. The test requirements are:

1. The reported CQI indices below a certain index, (CQI median – Z), should exceed X% of all reports (one-sided)
2. The relative throughput increase from median-CQI to follow-CQI should be at least Y%

Note that HARQ is disabled for the throughput test. 
3. Simulation Results

In this section, we present both CQI spread and follow-CQI throughput test results. The average SNR of the channel being tested are 6 and 12 dB. Additional simulation assumptions include 10 MHz system bandwidth, single antenna transmission, antenna correlation of 0.9, CQI reporting period 2ms, CQI reporting mode PUCCH 1-0.
3.1. CQI Spread
The CQI histograms are shown in Figures and 1 and 2 for 6 dB and 12 dB geometries. As shown in the figure, the median CQIs are 8 and 10 for 6 and 12 dB geometries, respectively.  The probability of CQI being less than or equal to median CQI -2 is 26.3% and 10.3% for 6 dB and 12 dB geometries, respectively.
Based on these results, it is not obvious what threshold to use for CQI spread since the tail CQI distribution is quite sensitive to the geometry and CQI quantization. To mitigate the sensitivity to CQI quantization, it might be more robust to require a two sided CQI spread. For example, we could impose the following requirement:
· The reported CQI indices outside a certain range, [CQI median – Z, CQI median + Z], should exceed X% of all reports (one-sided)

Under the new requirement, the fraction of CQI outside the range of [CQI median -1, CQI median +1] is 38% and 34% for 6 dB and 12 dB geometry, respectively.
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Figure 1 CQI distribution for 6 dB geometry
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Figure 2 CQI distribution for 12 dB geometry
3.2. Follow-CQI Throughput Test
The proposed test methodology suggests that the test equipment configures varying TBS according to the wideband CQI. It was found that the throughput test with 1 HARQ transmission is quite sensitive to the TBS selection algorithm due to the granularity of CQI reporting and potential bias in the reported CQI. The relative throughput for follow-CQI and fixed CQI are shown in Tables 1 and 2 with different bias applied to reported CQI. 
As shown in Table 2, the relative performance gain from median CQI to follow-CQI could vary from -31% to +34% with +1 and -1 bias.  

The occurrence of negative throughput gain with follow- CQI and positive CQI reporting bias is illustrated in Figure 3 below. 

In order to make the test more robust, we suggest to select TBS with three CQI offset values [-1, 0, 1] for all relative performance test, then use the maximum performance gain in the three cases to compare with minimum requirement.

Figure 3  Illustration of negative throughput gain due to positive CQI reporting bias
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Table 1 Follow-CQI throughput test for 6 dB geometry
	Median CQI tests
	Follow CQI tests
	% increase

	Test Cases
	FER
	Throughput
	Test Cases
	FER
	Throughput
	

	MCQI-1=7
	20%
	6998
	FollowCQI-1
	0.32%
	8679
	24%

	MCQI=8
	39%
	6976
	FollowCQI
	11%
	9984
	43%

	MCQI+1=9
	69%
	4699
	FollowCQI+1
	70%
	3761
	-20%


Table 2 Follow-CQI throughput test for 12 dB geometry
	Median CQI tests
	Follow CQI tests
	% increase

	Test Cases
	FER
	Throughput
	Test Cases
	FER
	Throughput
	

	MCQI-1 = 9
	11%
	13420
	FollowCQI-1
	0.08%
	15805
	18%

	MCQI =10
	20%
	13110
	FollowCQI
	8%
	17612
	34%

	MCQI+1=11
	45%
	11502
	FollowCQI+1
	63%
	7907
	-31%


4. Conclusion
In this document, we have presented simulation results for CSI time averaging test. The relative throughput gain of follow-CQI to median CQI is in line with those observed in [1]. It was also observed that the test results could be sensitive to the CQI quantization and bias value. We recommend to modify the test methodology to include two-sided CQI spread requirement and to make TBS selection with [-1, 0, 1] CQI offset values.
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