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1. Introduction
According to the working assumption from RAN4#49 ‎[1], the frequency domain tracking capability of the subband CQI reporting was planned to be verified by using a semi-static two-tap model ‎[2]. Characteristics of this requirement were left open and to be further evaluated. For the verification of the time-domain tracking capability of the reported CQI, no working assumption for the verification method has been yet agreed. So far three alternatives have been brought up for the discussion ‎[1]:
1. Check that the distribution of the reported CQI is wide enough while utilizing a low-Doppler flat channel such as EPA5 ‎[3].
2. Utilize similar time-varying SNR approach as defined for HSDPA to ensure that the does not apply excessive CQI averaging.
3. Utilize the semi-static two-tap approach to verify the TD averaging in addition to the FD averaging.

In this contribution, we evaluate the requirement setting for the subband CQI reporting (FD averaging) based on the semi-static two-tap model and also assess the feasibility of the same approach to verify the time-domain tracking capability of the reported CQI.
2. Verification method
The purpose of the considered requirement would be to verify that the UE does not apply excessive averaging neither in the time domain nor in the frequency domain. The chosen performance criteria should be hence as sensitive against the excessive averaging as possible, without being too sensitive against other factors, such as the signal to noise ratio.
The minimum requirement could be something like
· The reported sub-band differential CQI index [I] shall occur at least/most [X]% of the time
Hence the requirement would set limits (either minimum or maximum) to the probability of UE reporting certain CQI index(es) in given conditions. The considered propagation condition is the semi-static two-tap model ‎[2].

The two-tap channel model is defined as
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where the parameters to be selected include

· amplitude of the second tap [a]
· phase of the second tap as a function of time [((k)]
· delay of the second tap [d]
First, it is assumed that a equals to one. This choice implies [largest] notches in the frequency response, hence implying maximum dynamics in the SNR domain and consequently maximum sensitivity against excessive averaging.
The frequency response of the two tap channel is illustrated in Figure 1, assuming a=1, d=7Ts, and fii=0. The solid line represents the ideal response, while yellow bars indicate SNR averaged over one PRB, both being normalized to zero dB.
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Figure 1 – two-tap frequency response
When considering the time-domain tracking capability, it is assumed that the phase of the second tap is changed once per three subframes to account the time needed for the actual phase change plus the time needed for the stabilization. The time-domain behavior of the phase of the second tap can be seen in Figure 2 below, assuming aperiodic reporting mode 3-0. The need for the stabilization frame is however FFS, i.e. it might be possible to carry out both phase change and stabilization within one subframe.
 
[image: image3]
Figure 2 – time domain behaviour of the phase of the second tap
The phase value is randomly selected between 0 and 2xPI, the same value being applied to both rx signals (implying fully correlated channels). This is motivated by that fact that the diversity combining would reduce the CQI dynamics in the case of uncorrelated rx signals, consequently reducing the sensitivity against the changes in averaging.
The parameters d, I, and X are studied by the means of link simulations in subsequent chapters.
3. Simulation setup
The common simulation assumptions are given in the table below:
	Parameter
	Value

	Transmission mode
	1x2 SIMO

	Frequency band
	10 MHz (6 subbands)

	Number of subframes
	10000

	Interference averaging
	Wideband

	Last (short) subband
	Not included in the simulations

	Mapping of the offset level -1
	Always mapped to offset level -2

	Amplitude of the second tap
	a=1

	Phase of the second tap
	Randomly changed at the beginning of every two subframes
Same phase for both rx signals 

	Delay of the second tap
	Multiple of the sample interval i.e. n*65.17 ns

	X-axis
	Subband CQI offset

	Y-axis
	CQI-distribution in percentage


4. Choice of parameters (I,d,X) for frequency domain tracking verification
In this section we evaluate the different parameters in order to optimize the requirement scenario sensitivity to the FD averaging. Mainly the second tap delay (d) is being adjusted and the impact to obtained differential CQI statistics is being observed. Figures below show the subband differential CQI distribution as a function of frequency-domain averaging length (6-24 PRBs with a step of 2 PRB). The second tap delay is shown on the top of the figure, the notch separation being given in parentheses. The static level is 10 dB.
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Figure 3a
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Figure 3b
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Figure 3c
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Figure 3d
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Figure 3e
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Figure 3f
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Figure 3g
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Figure 3h
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Figure 3i


As can be seen, most subband CQI reports are within ±1 of the wideband CQI. This is somewhat in contrary to what is reported in ‎[2], where most of the subband CQIs are located at index ±2. Reason for this would need to be further clarified 
In the light of the above results, it might be preferable to put the requirement on index I=0 instead of I=2, as the zero bin shows the highest sensitivity against excessive FD-averaging. The optimum tap distance seems to be 7..9 Ts, hence implying 4-5 notches within the 10 MHz bandwidth. This is well in line to what is proposed in ‎[2]. Possible requirement could be hence to require that relative CQI index 0 shall not be reported more often than [40%] of the time. 
It was also found out (the analysis omitted) that the higher notch separation implies higher sensitivity against the SNR level, and consequently larger tolerances to the requirement. Hence, the exact choice of the delay d is a compromise between two conflicting aspects. In the following, a notch separation of d=7 will be assumed, as this selection seems to offer reasonable insensitivity against SNR level (see the analysis in Chapter 5) while still being sufficiently sensitive against the FD/TD averaging.
4. Sensitivity against time-domain averaging

In this section we look further to the possibility of using the two-tap model to verify the time domain averaging. The figure below shows the subband differential CQI distribution as a function of time-domain averaging length (1-10 subframes with a step of 1 subframe). The tap distance is 7*Ts and the static level is 10 dB.
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Figure 4 – Sensitivity against TD averaging
As can be seen, the test would be able to identify all excessive averaging greater or equal to 4 subframes, assuming X=[40%] in a similar manner as was concluded in the frequency domain analysis.

5. Sensitivity against the static level

Due to the relatively coarse quantization of the CQI levels (~2dB), it can be anticipated that the subband CQI shows some sensitivity against the applied static level. This is demonstrated in figures below, which show the CQI distributions (with varying FD averaging) for three static levels, assuming d=7. 
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Figure 5a
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Figure 5b
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Figure 5c


Depicted below is a similar analysis, but this time for the varying TD averaging.
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Figure 5d
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Figure 5e
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Figure 5f


As can be seen, the static level has quite a significant impact on the subband CQI distributions, a fact that needs to be taken into account when setting the requirement parameters. Selecting e.g. X=40% would yield 10..15 %-unit robustness against the static level, while being able to distinguish an excessive averaging of +2..4 PRB in the frequency domain and +3..4 subframes in the time domain. 

6. Conclusions

In this contribution we have evaluated the two tap channel model ‎[2] for the purpose of verifying UE CQI report frequency domain and time domain traceability. The method seems to be feasible for its primary purpose i.e. verifying that the UE does not apply excessive averaging in the frequency domain. With suitable parameterization, the method is capable of distinguishing an excessive averaging of +2..4 PRBs while maintaining robustness against static level. The two-tap method could be also extended to cover the verification of the time-domain averaging, with an ability to distinguish an excessive averaging of +3..4 subframes by making the frequency domain response time varying. Feasibility of this approach would require some feedback from test equipment manufacturers, but would seem possible based on initial assessment. It is left FFS how the performance of this method compares to the method proposed in ‎[3], where the requirement is put on the wideness of the reported CQI distribution while utilizing a low-Doppler frequency-flat channel.
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