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1 Introduction
In this paper we present results for PUCCH 1-0 under fading conditions, but also address consistency of UE reporting. According to TS 36.213, the reported CQI value shall correspond to the highest MCS for a PDSCH transport block (as indicated by the CQI index) that could be received with an error probability not exceeding 0.1 for the reference resource, granted an unrestricted preceding observation period. Accounting for the CQI granularity and actual receiver decoding performance given an input SNR, this requirement is verified under AWGN in a bias test by checking that the BLER is above/below 0.1 if a MCS is scheduled as indicated by the CQI median + 1/CQI median – 1. To some extent this requirement prevents excessive under- or over-reporting, but for some input SNR values it is possible to vary the target BLER of CQI selection algorithm considerably and still satisfy this bias test. 
In fading conditions the instantaneous SNR variations yield different BLER depending on channel type, and the LTE decoding chain has different performance for the different scheduled MCS due to e.g. the corresponding transport block size. When tracking the channel the resulting BLER will then vary with the SNR and channel type. Now, it is possible for the UE to bias the CQI reporting in such as was as to obtain a certain BLER operating point and link performance by e.g. configuring a certain SNR back-off. This may imply a certain over- or under-reporting. While this UE adaptation may be beneficial for its link performance, it may lead to inconsistent UE CQI reporting in a cell and have an impact on the system performance. The eNode B has (as should have) the freedom to choose either to follow the UE reports or choose a more conservative or aggressive scheduling strategy based on e.g. cell load and channel conditions. The latter would rely on the fact that the UEs in the cell do not themselves employ adaptive CQI reporting to a too large extent.
In what follows we consider the dependence on the BLER targets and consider means to ensure more consistent UE reporting. Simulation results in accordance with [1] are also given.
2 BLER performance and throughput gain
According to [1] throughput gains for verifying CQI reporting under fading conditions (using PUCCH 1-0) should be presented for two cases
· the highest BLER operating point that would still satisfy the AWGN (static) requirement

· the lowest BLER operating point that would still satisfy the AWGN (static) requirement

This may be reasonable, but the BLER point can be varied quite significantly and still satisfy the BLER requirement. Table 1 provides an example for the AWGN test (FDD with realistic channel and noise estimation). For the transport blocks sizes relevant for a 10 MHz test channel, the reporting index does not vary significantly with the target BLER of the CQI selection algorithm. For this particular receiver implementation the AWGN bias requirements ±1 are actually satisfied using target BLERs of 0.001 and 0.5 for many SNR levels, although not satisfied for all of them. The static requirements that are performed at two SNR levels are therefore not very robust with regard to potential CQI under- or over-reporting if UE consistency is the aim.
Table 1: AWGN performance
	
	Reported CQI index per target BLER
	BLER for MCS index

	SNR (dB)
	0,001
	0,01
	0,1
	0,2
	0,5
	n-1
	n
	n+1
	n+2
	n+2

	3,00
	n-1
	n-1
	n-1
	n-1
	n-1
	0
	>0.1
	1
	1
	1

	3,25
	n-1
	n-1
	n
	n
	n
	0
	0.1
	1
	1
	1

	3,50
	n-1
	n
	n
	n
	n
	0
	<0.1
	1
	1
	1

	3,75
	n-1
	n
	n
	n
	n
	0
	<0.1
	1
	1
	1

	4,00
	n-1
	n
	n
	n
	n
	0
	0
	1
	1
	1

	4,25
	n-1
	n
	n
	n
	n
	0
	0
	1
	1
	1

	4,50
	n-1
	n
	n
	n
	n
	0
	0
	1
	1
	1

	4,75
	n
	n
	n
	n
	n
	0
	0
	1
	1
	1

	5,00
	n
	n
	n
	n
	n
	0
	0
	>0.1
	1
	1

	5,25
	n
	n
	n
	n+1
	n+1
	0
	0
	>0.1
	1
	1

	5,50
	n
	n
	n+1
	n+1
	n+1
	0
	0
	<0.1
	1
	1

	5,75
	n
	n+1
	n+1
	n+1
	n+1
	0
	0
	<0.1
	1
	1

	6,00
	n
	n+1
	n+1
	n+1
	n+1
	0
	0
	0
	1
	1

	6,25
	n
	n+1
	n+1
	n+1
	n+1
	0
	0
	0
	1
	1

	6,50
	n
	n+1
	n+1
	n+1
	n+1
	0
	0
	0
	1
	1

	6,75
	n
	n+1
	n+1
	n+1
	n+1
	0
	0
	0
	>0.1
	1

	7,00
	n+1
	n+1
	n+1
	n+1
	n+1
	0
	0
	0
	>0.1
	1

	7,25
	n+1
	n+1
	n+1
	n+1
	n+2
	0
	0
	0
	>0.1
	1


For the EPA5 fading case (assumptions as in Clause 9.3.2 in [2]) the BLER will then vary as a function of the BLER target, Figure 1 shows the results for the BLER targets in Table 1. 0.001 corresponds to under-reporting and 0.5 to significant over-reporting. 
[image: image1.emf]BLER EPA5 (FDD)

0,000

0,050

0,100

0,150

0,200

0,250

2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00

SNR (dB)

BLER

0.001

0.01

0.1

0.2

0.5


Figure 1: BLER for follow-CQI for different targets.
Figure 2 shows the throughput gain for different BLER targets (FDD), a slightly larger SNR range than required in [1] is shown here. Under-reporting leads to poorer link performance; for BLER in 0.1 to 0.2 the static tests are satisfied at the two tentative levels in [2] and these operating points appear to give the most consistent result around  = 1.2. 
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Figure 2: throughput gains for different BLER targets for FDD.
Results for TDD are shown in Figure 3; the throughput gain is marginally lower than the corresponding for FDD at a target BLER of 0.1.  
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Figure 3: throughput gains for different BLER targets for TDD.
Returning to Figure 1, it seems that some degree of reporting consistency could be achieved by looking at the resulting BLER for EPA5 and requiring that it be within certain limits. 
3 Requirements
From Table 1 it is evident that for some SNR levels the bias test can be passed for BLER targets in a large span even if the bias requirement is ±1 w r t the reported CQI median. In view of reporting consistency, one way to improve the AWGN test could be to 

· introduce two new test point at SNR levels ±0.5 dB with regard to the existing lowest (tentative) SNR test point.

In addition, one could require that 
· the follow-CQI BLER should be above a certain fixed minimum limit to prevent under-reporting. An upper limit could then also be added, the value of which would depend on the SNR test point. 

The purpose is to avoid excessive CQI reporting adaptations in the UE and leave this to the eNode B so as to enable optimization of the system performance. The CQI test should ensure UE reporting consistency to the largest extent possible, this also assumes that the SS (System Simulator) of the conformance test does not adopt any particular scheduling strategy other than following the standard CQI table. 
Excessive under-reporting is also evident in the two-sided percentile of the CQI reports: Figure 4 shows the results for FDD, the corresponding TDD results are shown in Figure 5. Some compression of the reports can be observed for high SNR when the indices are closer to the maximum TBS. The two-sided percentiles for a target BLER around 0.1 are above 20% for both FDD and TDD with 6 < SNR < 12 dB (6 and 12 dB are tentative values used in [2]). The highest (or lowest) SNR values should perhaps be selected as test points to avoid the extreme indices in the CQI table.
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Figure 4: two-sided percentile of the CQI reports (FDD).
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Figure 5: two-sided percentile of the CQI reports (TDD).
Ranges of indicative results for a low and high SNR test point based solely on the results herein are given in Table 2 for both FDD and TDD. Judging from these results alone, TDD throughput gain lags behind FDD by a sliver. Realistic channel and noise-estimation has been used in conjunction with a practical CQI selection algorithm.
Table 2: Indicative performance FDD and TDD
	
	Test 1
	Test 2
	

	 [%]
	[20-25]
	[18-25]
	

	 
	≈1.2
	[1.15-1.2]
	


4 Proposal
In order to ensure consistency of the CQI reporting it is suggested to amend the current set of requirements (two-sided percentile and throughput gain) with a

· the follow-CQI BLER that should be within certain fixed minimum limits 

· or possible add SNR test points for the static tests
to avoid excessive under- or over-reporting (adaptation of the reporting by the UE). The increased testing complexity must of course also be considered.
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