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1. Introduction 

This document presents CSI time averaging results based on the test methodology suggested by [1]. The simulation results confirmed that subband relative CQI with PUSCH 3-0 reporting mode could be used to validate the CSI time averaging implementation. We also proposed one of the options suggested in [1] is more robust for different time averaging window implementation. 
2. Test Methodology
A semi-static two-path model is proposed to test CSI frequency and time averaging [1]:
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Where [d] denotes the delay of the second tap, [a] denotes the amplitude of the second tap, and [((k)] denotes the time varying phase of the second tap. The phase [((k)] is randomly selected between 0 and 2( periodically at subframe transition point. The diagram for phase change is shown in Figure 1, where the arrow indicates the phase transition point. In [1], the “stabilize phase” subframe is considered optional and not used in simulations. 
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Figure 1 CQI reference period and phase change time line [1]

The motivation of the test is that if a UE does excessive time averaging for CQI reporting, the frequency selectivity of the channel will be averaged out. As a result, the reported subband delta CQI statistics will indicate much less frequency selectivity compared to the true channel in the CQI reference subframe.

In [1], it was proposed that the wideness of the frequency selective CQI to be used for testing proper time averaging.
3. Simulation Results

Additional simulation assumptions are shown in Table 1
Table 1 Simulation assumptions

	Parameters
	Values

	System bandwidth
	10 MHz

	Subband size
	6 RBs

	Frequency averaging
	6 RBs

	Geometry
	10 dB

	Mapping of delta CQI level -1
	Always to -2

	d
	7 Ts

	a
	1

	((k)
	Randomly changed at the beginning of every two subframes. “Stabilize phase” is omitted as in [1].

	Number of Tx antennas
	1

	Rx antenna correlation
	1

	CQI reporting mode
	PUSCH 3-0

	CQI reporting period
	2 ms

	Interference
	White


The frequency selective delta CQI histograms are shown in Figures and 1 and 2 for a CSI averaging algorithm with 2 ms averaging period. The two setups differ in the location of the time averaging filter with respect to the CQI reference subframe. In the first method, the CSI filter window for CQI reference subframe SF(n) is SF(n-1) and SF(n). In the second method, the CSI filter window for CQI reference subframe SF(n) is SF(n) and SF(n+1).
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Figure 2 Time line for two CSI time averaging methods

Note that method 1 does not capture any phase transition boundary and method 2 always captures the phase transition. As a result the test results of the two methods are significantly different as shown Figures 3 and 4. In Figure 3, the probability mass function (PMF) for delta CQI levels [-2, 0, 1, 2] under test method 1 is shown to be [38.4%, 14.5%, 13.9%, 33.2%]. In Figure 4, the probability mass function (PMF) for delta CQI levels [-2, 0, 1, 2] under test method 1 is shown to be [33.5%, 31.8%, 18.1%, 16.7%]. Note the subband CQI samples from the last short subband are discarded for PMF statistics computation.
Given this observed sensitivity to the time averaging window location, we recommend use the “stabilize phase” subframe for the proposed test. In addition, we proposed to change the phase transition point to the end of the “change phase” subframe. Under this setup, all CSI time averaging methods with 2ms averaging period will have the intended results as shown in Figure 3. 

[image: image4.emf]0% Transition, [38.4%, 14.5%, 13.9%, 33.2%]
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Figure 3 Subband delta CQI with 0% transition point captured in CSI averaging period
[image: image5.emf]100% Transition, [33.5%, 31.8%, 18.1%, 16.7%]

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

-2 0 1 2

Subband 0

Subband 1

Subband 2

Subband 3

Subband 4

Subband 5

Subband 6

Subband 7

Subband 8


Figure 4 Subband delta CQI with 100% transition point captured in CSI averaging period
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4. Conclusion
In this document, we have evaluated the CSI time averaging performance with step channel model and subband relative CQI reporting [1]. It is observed that the test results are quite sensitive to the time averaging window location without “stabilize phase”. It is recommended that the “stabilize phase” being added to the test timeline with phase transition at the end of the “change phase” subframe. 
We also recommend incorporating the results in this contribution into setting the requirement values for subband CQI spread.
Reference
[1] R4-090187 “Verification of the time and frequency domain averaging of the reported CQI”, Nokia
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