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1. Introduction

In [1], it was suggested that the current VRC based on throughput and PER measure alone might not be sufficient to distinguish an UE with accurate CQI reports from UE with inaccurate CQI reports.  As the consistent behaviour for CQI reporting is essential for an efficient network operation, this paper looks into alternative/enhancement to CQI test methodology that can be used to ensure consistent behaviour of CQI reports among various UE vendors.   

In particular, the paper looks into:

· Tests under static channel

· Tests with fixed DL transport channel

, and suggests that both approaches have some potential to improve CQI test ability.    

2. Analysis 

As used in [1], the analysis is base on the assumption that inaccurate CQI comes in forms of measurement offset error and variance. Following cases are investigated as a basis of the analysis.  

I. Reference UE.  The resulted CQI report is in compliance with RAN1 specification [2] and guidance indicated in [3].   Detailed performance of reference used is given in [4].  Note that CQI measurement is performed using received CPICH, and include some measurement variance and negligible amount of measurement offset.

II. UE with measurement offset error.  CQI report is offset by  +/-[delta]dB artificially from the reference case described above.

III. UE with larger measurement variance.  Larger variance is artificially added to CQI report.

IV. UE with the combination of measurement error and variance.

2.1. Static channel tests

2.1.0. Throughput/PER

It can be expected that with static channel, performance of CQI can be made more visible as the CQI reporting delay is effectively removed.  Figure 5 and Figure 6, provided in Annex B, shows the effect of measurement offset and variance to throughput and PER performance under static channel (AWGN).  Behaviour is quite similar to the one presented for the fading channel case in [1], except that for static channel, additional uncertainty is added with “wave-like“ characteristics causing it difficult to specify the valid PER range.  Moreover, the core of the problem is still not solved as combinational effect of measurement offset and variance will be difficult to be detected. 

Although useful for the purpose of alignment of simulation platform among various companies, it is our opinion that degree of test accuracy cannot be gained by this approach. 

2.1.1. Direct measurement of CQI statistics 

In our view, the core of the real problem is that the CQI tests are conducted in indirect way through the use of resulted throughout and PER.  These two measures are relatively easy to observe by a Node-B emulator, however, they do not fully reflect the adequateness of CQI accuracy in direct manner.   With collection of the sequence of reported CQI under static channel, it is possible to directly measure the statistics of reported CQI (median and variance). 

As an example, procedure as described as following can be applied: 

· Under given static channel, Node-B emulator collects reported CQI for period X.  Static channel can either be AWGN or with some multi-path components.

· Node-B emulator determines median CQI from collected CQI. Note that median CQI is dependant of UE performance under the environment where muti-path components (static) are present. 

· Cumulative distribution | reported_CQI – median_CQI | is calculated, where the operator | | means absolute value.

· Specification can be made such that the probability of exceeding +/- y-CQI from median CQI shall not exceed more than z%.  This would eliminate UE with excessive measurement variance. Figure 1 illustrates the plot for the suggested cumulative distribution for CQI error.  For an example, setting y equal to 2 and z equal to 10% would be able to reject variance larger than “Variance-C”.  
· In addition, if the static channel is configured with AWGN, valid range for median CQI can also be specified.  This may or may not be necessary.
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Figure 1 Deviation density function

As the accuracy for median CQI under multi-path cannot be specified, above procedure should only be applied as a supplemental test to the current VRC.  However, it is believed that the ability of distinguishing UE with inaccurate CQI report will be increased significantly using this approach since the UE with large CQI can be rejected by this (thus VRC to focus on measurement offset aspects).  In addition, since the measurement variance, or CQI accuracy is independent of HS-DSCH Ec/Ior (only dependant on CPICH power; default power offset is fixed) tests need to be operated on few Ior/Ioc cases rather than for all CQI levels.  For this reason, it is recommended to the group to consider the feasibility of described test procedure.    

2.2. Fixed transport format with CQI statistics

Recently, a proposal to use static transport channel on the downlink and use BLER for each reported CQI level as the measure of CQI accuracy was made [6].  As we see potential benefits to this proposal, initial analysis is provided below.

It is our understanding that the proposed test would have following characteristics:

· Under ideal CQI selection (no offset, no variance), resulted BLER curve would match AWGN curve for the particular UE. 

· With measurement offset, resulted BLER curve would be shift according to the amount of offset applied.  Measurement offset can be seen in a form of BLER curve offset. (Left fig. of  Figure 2)

· With measurement variance, resulted BLER curve flattens. Measurement variance can be seen in a form of BLER slope. (Right fig. of Figure 2)

· Channel condition is not an issue.  However, channel with a large SNR distribution would be able to collect BLER statistics for multiple CQIs under one test condition. 
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Figure 2 Fixed DL TF BLER characteristics

The question, again, is whether the proposed test would gain anything over current VRC to distinguish an UE with accurate CQI from an UE with unacceptable CQI. 

Figure 3 shows the performance comparison using the proposed test when both measurement offset and variance exists within measurement uncertainty. Even with this scenario, given the multiple evaluation point (3 or 4 points to observe slope of BLER curve) would be specified with each having independent max. BLER and min. BLER, the proposed test may able to distinguish accurate CQI form inaccurate one.  

It is suggested that the more detailed evaluation be continued for the proposed test scheme.  
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Figure 3 Effect of combination of measurement offset and variance (PA3, TF=3319 QPSK and TF5887 16QAM)

Conclusions

Possible alternatives to current VRC test are investigated in this paper.  It is invited and recommended to this group to further evaluate:

· Static channel test with directly measuring the statistics of CQI reports

· Fixed TF test proposed by Qualcomm
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Annex A　Characteristics for artificially added measurement variance

The characteristic for artificially added measurement variance is provided below.
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Figure 4 Variance model used for analysis

Table 1
	
	Std. Deviation (dB)

	
	G=10dB
	G=0dB

	Variance-A
	1.11
	1.11

	Variance-B
	1.31
	1.32

	Variance-C
	1.50
	1.51

	Variance-D
	1.66
	1.66

	Variance-E
	1.94
	1.94


Annex B　VRC under AWGN

Throughput and PER performance using VRC under AWGN channel are provided below. Figure 3 shows the effect of measurement offset, and Figure 6 shows the effect of measurement variance.  In both cases, the effect is evident. However, due to the “wave-like” characteristic, setting of valid range (Max, Min) becomes even more difficult than the fading cases.  In addition, combination effect (both offset and variance) cannot be resolved as influence of measurement variance on PER can be compensated by measurement offset.
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Figure 5 Effect of measurement offset under AWGN channel (G=10dB)
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Figure 6 Effect of measurement variance under AWGN channel (G=10dB)
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