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1. Introduction
An outline of the requirements for the frequency non-selective CQI reporting under fading conditions was agreed in RAN#50 ‎[1]. In particular, the reporting accuracy of the CQI shall fulfil the following minimum requirements:

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 ≥ γ]

c)
[BLER requirement]
It was left open whether the option b or c (or both) should be adopted in the final requirements. In this contribution, we provide further simulation results regarding this matter.
2. Simulation setup
	Parameters
	Value

	Channel bandwidth
	10 MHz

	Fading profile
	EPA5

	Antenna setup
	1x2

	Antenna correlation
	High

	CQI reporting mode
	PUCCH 1-0

	CQI reporting delay
	6 ms

	CQI reporting periodicity
	2 ms

	Channel estimation
	Realistic

	Noise estimation
	Realistic

	HARQ
	No retransmissions


3. Analysis of the option-b
3.1 Sensitivity against the CQI operating point
As no HARQ retransmissions are assumed in the proposed test setup, it can be anticipated that the chosen CQI operating point (BLER of the 1st HARQ transmission) has some impact on the achieved throughput gain. This is demonstrated in the Figure 1 below, which shows the throughput gain along at varying CQI operating point. The signal-to-noise ratio is 12 dB.
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Figure 1 – Sensitivity against the CQI operating point
As can be seen, the throughput gain varies approximately between 0 % and 50 % when the BLER of the first HARQ transmission decreases from 40 % to 10 %.
A BLER level of approximately 20% is assumed in the subsequent results. This might need to be re-considered before setting the final requirements while accounting the AWGN requirements.
3.2 Sensitivity against the SNR level

The throughput gain can be expected to show some sensitivity against the SNR level due to the fact that the BLER of the median CQI decreases along with the increasing SNR and then increases abruptly when the median changes. This behavior is illustrated in Figure 2, which shows the throughput gain as a function of SNR.
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Figure 2 – Sensitivity against the SNR level
It can be seen that the throughput gain ranges approximately between 20 % and 50 % depending on the SNR level. Hence a slight difference in the SNR seen after the receiver could result a considerably tighter or looser requirement.
3.3 Sensitivity against the TD averaging
It is preferable that the adopted requirement shows high sensitivity against an excessive TD-averaging and bad CQI tracking. The former property is illustrated in Figure 3, which shows the throughput gain at varying TD averaging lengths. The SNR levels are selected to reflect the best and worst case throughput gain.
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Figure 3 – Sensitivity against an excessive TD averaging
Assuming a minimum requirement of TP-gain = 20 %, the method-B would be able to distinguish an excessive TD averaging of 5ms – 30ms depending on the SNR level.

4. Analysis of the option-c
The main benefit of the option C (simple BLER requirement) would be its insensitivity against SNR, as it can be expected that the BLER of the first HARQ transmission is relatively stable across the SNR range. Figure 4 shows the BLER of the first HARQ transmission as a function of the TD averaging length for the same SNR levels as for option-B.
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Figure 4 - Sensitivity against an excessive TD averaging
The main drawback of the BLER-based requirement would be its dependency on the BLER operating point for the first HARQ transmission. While the selection of the operating point is somewhat limited by the AWGN test, it is expected that there is still some headroom to adjust with. It could be hence possible to compensate the excessive TD averaging by tuning the CQI selection algorithm to produce overly conservative CQI reports. Furthermore the setting of the requirement level would need to account the AWGN requirement. 
In HSDPA, the requirement for the fading propagation condition is based on the BLER performance using transport format indicated by the reported CQI median.  The actual requirement (maximum BLER) is 60% corresponding to the median CQI instants and 15% for instances with median CQI+3. Considering the results shown above, it is not very clear if the BLER requirement could satisfactorily detect the time domain averaging as the impact of excessive averaging can be seen to be less at higher BLER levels compared to HSDPA.
5. Conclusions

In this contribution we have evaluated the possible requirements for the frequency non-selective CQI reporting. First the throughput gain as a function of the error rate for the first HARQ transmission was evaluated. It was shown that the throughput gain is quite dependent on the BLER operating point. Furthermore, the required error level for the first HARQ transmission in AWGN conditions is expected to somewhat limit the simultaneously achievable operation point in fading conditions. 
The results for the relative throughput based metric indicated rather high sensitivity against the SNR level, implying that the differences in actual (post receiver) SNR mapping to CQI could alter the stringency of the requirement. This effect would hence need to be accounted in the requirement setting for the relative throughput. The level of the relative throughput requirement in turn would lead to certain sensitivity in terms of time domain averaging impact. 
The BLER requirement was shown to be less sensitive against the observed SNR level. However, as the requirement needs as well to allow the UE to meet AWGN requirement simultaneously, the sensitivity to time domain averaging could be even lower. 
Based on the results given in this contribution, no clear conclusion can be drawn. However as the CQI requirements would need to be receiver agnostic and it seems that throughput based requirement would allow more flexible mapping of the CQI, the throughput requirement might be preferred. But as noted, it needs to be taken care that it would be feasible to meet both AWGN and fading requirements simultaneously, thus further study would need to confirm the feasibility.
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