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1. Introduction

This paper investigates the validity of the current Variable Reference Channel (VRC) defined in [1].   The intention of the paper is to determine whether the current VRC tests have sufficient ability to distinguish UE with unacceptable CQI reports.

2. Analysis of Variable Reference Channel

It is our understandings that the objective of defining VRC is to ensure the accuracy of reported CQI from an UE.  It is essential that reported CQI from different UE vendors to behave in consistent manner as described in RAN1 core specification to allow efficient network operation.  The scope of HSDPA tests shall include this aspect. This section summarizes the results of analysis conducted to investigate the validity of current VRC test set—whether the current test set is capable of distinguishing good UE from a bad UE. 

In the analysis, it is assumed that inaccurate CQI comes in forms of measurement offset error and variance.  For this reason, VRC performance of following 4 cases is compared.

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 from the RAN1 definition.

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

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

2.1. Error due to Measurement Offset

It is expected that measurement offset would effect PER performance.  Lower CQI reported than RAN1 definition would cause PER to be lower, and higher CQI would cause PER to be higher.  

Figure 1 shows the resulted effect of measurement offset on the definition of RAN1 definition, where PER is measured based on statistical median of all reported CQI under a given static condition[2]. It is evident that deviation of +/-0.5dB would results in violation of 10% BLER requirement by significant amount, as BLER performance under static channel is extremely steep.  
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Figure 1　Influence of measurement offset under RAN1 CQI definition (AWGN)
In fading channels, resulted performance difference is somewhat diluted, however, it should be still possible to detect the amount of measurement offset from the resulted PER.  Figure 2 shows the throughput and PER under PB-3 channel.  From the PER characteristics, it is sufficient to define Max PER and Min PER around the reference (20% for this case) to eliminate UE with excessive measurement offset. For an example, setting max PER = 33% and min. PER =10% would be able to reject +/-0.5dB measurement. 

It must also noted that, as described in [5], that the higher throughput measure does not necessary mean the UE is reporting CQI in accordance with RAN1 specification as reporting lower CQI value than specified would lead to higher throughput for this particular test set.
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Figure 2 Effect of measurement offset under PB-3

2.2. Error due to Measurement Variance

In order to investigate the influence of measurement variance, additional variance is added artificially to the reference model.  Resulted measurement variance used as a purpose of analysis is provided in Annex A. It is expected that large variance would cause degradation on both throughput and PER.  Intention here is to examine the sensitivity of each measure under VRCH. 

Figure 3 shows the throughput and PER performance under PB-3 channel with various measurement variance.  As, expected, degradation can be observed for both throughput and PER as amount of measurement variance increases.  For the purpose of eliminating UE with excessive amount of measurement variance, defining minimum throughout and maximum PER would be sufficient.  For an example, maximum PER to be 30% would reject UE with variance more than the case used for “variance-C”.
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Figure 3 Effect of measurement variance under PB-3

2.3. Error due to the combination of Measurement Offset and Variance

So far, it was suggested that VRCH test might be sensitive enough for rejecting UE with excessive measurement disparity if only each components of disparity (offset or variance) is present.  However, in reality, both offset and variance exists.  

Figure 4 shows the throughput and PER performance under PB-3 when both measurement offset and variance are present.  As degradation in PER performance can be offset by measurement offset (lower reported CQI than RAN1 spec.), it is not possible to use the PER measure to distinguish UE with good CQI from an UE with bad CQI.  Throughput degradation is evident, however, it would require RAN4 to specify minimum throughput with tight implementation margin (~0.5dB from floating point) as throughput characteristics is not as sensitive against measurement disparity.  This may or may not be feasible, and it is invited other companies to take a look at this aspect. 

Although not shown in this paper, tests under different channel condition (PA-3, VA-30, geometry variation) would results in the same conclusion. 
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Figure 4 Effect of combinational error factor under PB-3

3. Conclusion

In this paper, the sensitivity of VRC throughput and PER against measurement error was investigated.  With the presence of measurement offset and measurement variance, VRC PER results do not necessary reflects the CQI accuracy.  At the same time, VRC throughput may not be sensitive enough against CQI error.   

Based on this, it is suggested that current VRC tests with throughput and PER measure alone may not be sufficient for distinguishing an UE with accurate CQI from an UE with inaccurate CQI report.  The paper [6] discusses possible test methodology that can be used to enhance the testability of the CQI accuracy. 
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Annex A　Characteristics for artificially added measurement variance

The characteristic for artificially added measurement variance is provided below.
[image: image8.emf]Distribution of estimated SIR

with artificially added variance(G=10dB)

0%

2%

4%

6%

8%

10%

12%

6 8 10 12 14 16 18

Estimated HS-DSCH SIR [dB]

p.d.f.

reference

Variance-A

Variance-B

Variance-C

Variance-D

Variance-E

[image: image9.emf]0%

2%

4%

6%

8%

10%

12%

-5 0 5 10

Estimated HS-DSCH SIR [dB]

c.d.f.

reference

Variance-A

Variance-B

Variance-C

Variance-D

Variance-E

Distribution of estimated SIR

with artificially added variance(G=0dB)


Figure 5 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


Example of valid PER range 
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