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1. Introduction
An approach based on the two-tap channel model (see e.g. ‎[2]) has been agreed as a baseline for the verification of the subband CQI reporting ‎[1]. The contribution is a follow-up to the analysis presented in RAN4#49bis ‎[3], bringing further insight on the following aspects:
· Selection of the differential CQI offset level to be verified
· Selection of the minimum requirement
· Sensitivity against the changes in FD averaging

· Sensitivity against the average SNR level (or SNR to CQI mapping)
Secondly, it should be noted that there was an error in the results submitted for the RAN4#49bis meeting ‎[3]. This has been now corrected, and as will be seen in the later sections, the results are now better aligned with the ones provided in ‎[2].
2. Simulation setup
The simulation parameters are shown in Table 1 below. Although the statistics were derived for subband 5, similar behavior can be expected for the other subbands, except for the short subband. It should be also noted that RAN1 has recently agreed that the offset levels less than zero shall be mapped to the same index (see ‎[4]).
Table 1 - Simulation parameters
	Parameter
	Value

	Transmission mode
	1x2 SIMO

	Frequency band
	10 MHz (8 long subbands + 1 short subband)

	Number of subframes
	10000

	Interference averaging
	Wideband

	Mapping of the offset levels < 0
	Mapped to the same index 

	Amplitude of the second tap
	a = 1

	Delay of the second tap
	d = 456 ns

	Phase of the second tap
	Randomly changed at the beginning of every subframe

	Antenna correlation
	Same rx signal for both antennas i.e. full correlation

	Evaluated subband
	Subband 5 (i.e. the middle one) 


3. Simulation results
2.1 Sensitivity against the SNR level

Figure 1 shows the subband differential CQI offset distribution as a function of SNR. No excessive time or frequency domain averaging is applied to the reported CQI. It should be noted that the SNR to CQI mapping is not perfectly optimized against the 10% BLER requirement, essentially causing a shift in the SNR scale w.r.t the ‘perfect’ mapping.
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Figure 1 – Sensitivity against the SNR level
As can be seen from the figure, the probability of the offset zero is 10–20 % and the probability of the offset>1 is 5–35 % across the evaluated SNR range. This spread seems to be in accordance with the Figures 1 and 2 of ‎[2], where the statistics were derived for two distinct SNR points (8 and 12 dB).
In ‎[2], it is proposed that

“For the parameters specified in Table 1, [and using the downlink physical channels specified in Annex C,] a sub-band differential CQI offset level of +2 shall be reported at least  % of the time but less than % for each sub-band of full sub-band size”.
Considering the high fluctuations of offset>1, the above requirement could be problematic given there are deviations in the SNR to CQI mapping between vendors. Based on the results shown in the Figure 1, offset zero might be considered instead due to its relatively low sensitivity against the SNR level.
2.2 Sensitivity against the excessive FD averaging

Figure 2 shows the subband differential CQI offset distribution as a function of the subband averaging length.  
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Figure 2 - Sensitivity against the excessive FD averaging
As can be seen, both offset candidates are relatively sensitive against the applied FD averaging. However, considering that the offset zero might be preferable from the SNR sensitivity point of view, the minimum requirement could be formulated as:
“For the parameters specified in Table 1, [and using the downlink physical channels specified in Annex C,] a sub-band differential CQI offset level of 0 shall be reported at least [5 %] of the time but less than [25%] for each sub-band of full sub-band size.

This requirement would ensure that the UE does not apply an excessive averaging greater than about +2..3 PRB in the frequency domain.
4. Conclusions

We have shown in this contribution some further simulation results considering verification of the subband CQI reporting. Based on the results, it is recommended that the minimum requirement is set based on the subband differential CQI offset zero.  
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