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1 Introduction
In this contribution we look at the feasibility of unveiling excessive CQI filtering in the fading test for the frequency non-selective scheduling mode (wideband CQI fading test). We also propose and additional requirement on the BLER when following the reported CQI indices, which is useful for eNode B scheduling. The requirements for the wideband CQI fading test in their current form [1]:

For the parameters specified in Table 9.3.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.2.1.1-2 and by the following 

a) a CQI index below (wideband CQI median – [1]) shall be reported at least  % of the time;
b) [the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;]
c) [BLER requirement].
In earlier contributions [2] the merits of having test metrics reflecting the actual user performance under realistic conditions (here we consider the 3GPP fading channels realistic) have been emphasized. We propose to supplement the requirement (b) above with a requirement to verify that the reported indices yield a BLER in the neighbourhood of the anticipated 0.1 whilst making proper link adaptation (MCS selection). This could be useful for eNode B scheduling and may prevent negative system capacity impacts of possible UE over- or under-reporting. 

A text proposal to capture the additional BLER requirement supplied. This also includes a change of the percentile in requirement (a), which we look at first. 
2 One- or two-sided percentile for reported indices?
The current wideband CQI fading test includes a requirement on the reported spread of the reported CQI indices. This requirement is defined in terms of a one-sided percentile. However, results supplied in [3] suggest that a two-sided percentile would be more stable. Seems two sided is better, easier to set requirements and account for sensitivity of input SNR. Table 1 shows the percentiles for three SNR levels (test according to Clause 9.3.2 of [1]. The notations _1side_m-n and _2side_m±n refer to reported indices not in the sets [_1side_m-n,15] and [_2side_m-n,_2side_m+n], respectively. 
Table 1 Percentiles of the reported CQI index
	Parameter
	SNR

	
	0
	6
	12

	_1side_m-1 [%]
	16.4   
	19.1
	21.5

	_1side_m-2 [%]
	5.1
	9.7
	9.7

	_2sides_m±1 [%]
	33.3 
	34.6
	31.0

	_2sides_m±2 [%]
	10.9 
	14.7
	10.9


It appears that the two-sided percentile with n = 1 is more stable, which may facilitate setting the test point.
3 Adding a BLER requirement
In the static (AWGN) tests, it is verified that the reported CQI values are in accordance with the CQI definition given in [4]; the reported index shall be such that

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

These tests comprise a variance (spread) test for the reported CQI distribution. For a given input SNR (two levels are used), it is verified that the median yields a error probability around the required 0.1: if the median CQI index yield s a BLER < 0.1, then the next larger indicated TBS should yield > 0.l, and conversely if BLER > 0.1 results at the median CQI. This will prevent both over- and under-reporting and the BLER at the median will depend on the SNR and the actual receiver implementation dependent SINR-to-TBS mapping. 
The main purpose of the fading test is to check the tracking ability. However, for eNode B scheduling, it may also be useful to verify that the reported indices still yield a BLER in the neighbourhood of the anticipated 0.1 and prevent system capacity impacts of possible over- or under-reporting. In the fading case, the SNR obviously varies and TBS are indicated over the whole dynamic range set by the fading, typically 6-7 CQI indices. Any possible bias may then vary (about 2 dB steps but not necessarily entirely uniform) across the dynamic range, so it is more useful to check the average BLER in the follow-CQI case for all indicated transport formats.

To verify that the reported CQI values are in accordance with the definition to a reasonable degree, it is proposed 

· to add a BLER requirement in addition to the current variance and relative throughput requirement. 

The BLER should be of the order of 0.1 for the 5 Hz channel, but not require any value below 0.1 due to e.g. reporting delays (from CQI estimation to configuring the requisite TBS).  
It turns out that both the relative throughput and the BLER is sensitive to averaging also for the 5 Hz case, which we will look at next.    
4 Sensitivity to time-domain filtering

The relative throughput requirement can be expressed as
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and the proposed BLER requirement applies to the numerator. To study the sensitivity of the requirements to time-domain filtering in an ‘agnostic’ way, we look at the impact of filtering the actual CQI reports using MA and AR(1) filters. It is assumed that CQI reports are available at the shortest periodicity available. The averaging length of the MA filter is up to one frame (10 ms) with a uniform weight and the AR(1) filter is a standard
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Table 1 shows the effect of MA filtering for a test configuration according to Table 9.3.2.1.1-1 in [1], i.e. an EPA5 channel (coherence time about 200 ms roughly) for three different SNR levels. The BLER results are the average for all received transport blocks during the test. We observe that the relative throughput   and obviously also the BLER are sensitive to filtering also for shorter averaging lengths.  
Table 2 shows the effect of AR-filtering, hence for slightly longer averaging length but weighted.   
Table 2: effect of filtering using MA
	SNR = 0 dB

	
	Averaging length

	
	1 ms
	5 ms
	10 ms
	20 ms

	
	1.44
	1.39
	1.31
	1.19

	BLER
	0.16
	0.19
	0.24
	0.26

	_2sides_m±1 [%]
	0.33
	0.33
	0.34
	0.33

	SNR = 6 dB

	
	1.41
	1.34
	1.27
	1.15

	BLER
	0.14
	0.17
	0.21
	0.27

	_2sides_m±1 [%]
	0.35
	0.35
	0.35
	0.34

	SNR = 12 dB

	
	1.47
	1.41
	1.35
	1.23

	BLER
	0.09
	0.12
	0.20
	0,22

	_2sides_m±1 [%]
	0,31
	0,31
	0,32
	0,31


Table 3: effect of filtering using AR
	SNR = 0 dB

	
	Averaging length ()

	
	1
	0.1
	0.05
	0.033

	
	1.44
	1.31
	1.19
	1.11

	BLER
	0.16
	0.26
	0.31
	0.33

	_2sides_m±1 [%]
	0.33
	0.31
	0.25
	0.20

	SNR = 12 dB

	
	1.47
	1.29
	1.19
	1.15

	BLER
	0.09
	0.19
	0.25
	0.27

	_2sides_m±1 [%]
	0.31
	0.30
	0.26
	0.22


For 5 Hz Doppler, the impact on the two-sided percentile is marginal as expected, there is a slight effect for the AR(1) filter with its infinite impulse response.
Another possibility is to check the filtering by using e.g. a 70 Hz channel, which would display differences in the CQI distribution with filtering length. However, in this case the UE is not tracking the channel (BLER typically about 0.4) and it is also possible to adapt the filter to the Doppler frequency. 
Next we give further results on sensitivity to SNR input in relation to the reporting periodicity
5 More details on the test configuration
The reporting periodicity may also have an impact (periodic reporting on PUCCH 1-0). The suggested reporting periodicity for TDD is 1 ms so that a CQI report is supplied in every available uplink sub-frame. For FDD the shortest periodicity of wideband CQI is 2 ms.
Figure 1 shows the throughput ratio  as a function of SNR for different reporting periodicities: 1 ms, 2 ms and 5 ms for FDD. The results suggest a ratio above 1.2 for all cases (no filtering) and that the reporting periodicity should be as short as possible.
[image: image3.emf]
Figure 1: relative throughput as a function of SNR for different reporting periodicities.
6 Text Proposal for FDD and TDD
A text proposal introducing the BLER requirement and changing the single-percentile to two-sided for FDD and TDD:
For the parameters specified in Table 9.3.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.3.2.1.1-2 and by the following 

a) a CQI index not in the set {median CQI -1, median CQI +1}  shall be reported at least  % of the time;
b) the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;

c) when transmitting the transport format indicated by each reported wideband CQI index, the BLER for the indicated transport format shall be less than 
A CR is supplied in [5].

7 Conclusions

The relative throughput and the BLER of transport blocks indicated by the reported CQI are sensitive to time-domain filtering for the low-Doppler EPA5 channel. The relative throughput requirement of Clause 9.3.2 of [1] should remain.
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