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Introduction

During the the previous meetings there were contributions regarding the possibility of introducing a CQI test for the HST bidirectional deployment, [1], [2]. In this contribution we discuss the CQI requirement. 
Background
The CQI definition is given in 36.213, section 7.2.3. ” Channel Quality Indicator (CQI) definition”
“For a non-BL/CE UE, based on an unrestricted observation interval in time unless specified otherwise in this subclause, and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:
-	A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. !

Where the reference resource is defined by 
“for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-nCQI_ref,
-	where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink or valid special subframe,
-	where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-SubframePatternConfig-r12,. 
-	nCQI_ref  is such that the reference resource is in the same valid downlink or valid special subframe as the corresponding CSI request in an uplink DCI format.
-	 nCQI_ref  is equal to 4 and subframe n-nCQI_ref corresponds to a valid downlink or valid special subframe, where subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.”

Thereby, it is clear that the CQI report at the time of subframe n shall be defined from the received quality of the subframe n-nCQI_ref. Thus, this shall be defined from the received channel quality of a specific subframe. 
This shall be independent of the propagation condition etc.

This is tested with several tests, first the CQI definition testcases under AWGN conditions. In these tests it is checked that the BLER for the reported CQI is close to targeted BLER value, 10%. Then there are CQI reporting under fading conditions, where there are several tests, one is that the throughput shall, when follow CQI is applied, be improved compared to when random CQI is used. This is used at slow fading like 5Hz and then the MCS that is best to send varies over time and due to the slow fading the correlation between the current conditions and the condition some subframes ago is quite high. Thereby the throughput is improved by using the reported CQI when selecting the MCS to send to the UE. In these tests it is also checked that the reported CQI, due to fading, is outside the median CQI +/- 1 dB with some probability. Thereby it is tested that the filtering is not very long.


Discussion 
In this case with the the HST and bidirectional deployment when the channel parameters are varying over time. In the middle between two radioheads consists of two paths, one with very high positive Doppler shift and the other with very high negative Doppler shift, so that the frequency span is 1750Hz. When the UE is close to the radio heads it is a one path line of sight channel with a high Doppler frequency shift. 
The aim in the proposals in e.g. [1] is to test that the throughput when using CQI feedback is higher than a fixed CQI. That will be true since the CQI is not constant when moving between the radioheads. 
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[bookmark: _Ref465663292]Figure 1 Reported CQI when SNR=20 dB 
In Figure 1 the reported CQI is shown when  SNR is 20 dB. Here it is seen that the reported CQI is decreased close to the middle between the radioheads. Thereby there will be a distribution between a large range of reported CQI. With this large distribution of CQIs, the throughput will be improved by following the CQI. 

There has also been a discussion that the advanced receiver delivers a received signal quality so that the CQI estimations becomes quite compressed. Due to that the CQI report from our advanced receiver is studied. 
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[bookmark: _Ref465662270]Figure 2 The probability that the reported CQI is within the median CQI +/-1 for the HST bidirectional deployment. 
 In Figure 2 the probability that the CQI is within the median CQI +/-1. Here it is seen that the reported CQI is within this range 70-80% of the time when the SNR is high. For a medium SNR the CQI distribution is quite flat and therefore the probability to be within median CQI +/-1 is low. For low SNR, the reported CQI is low continuously. 
Finally we have done some simulations on a follow CQI case where the filtering of the last N CQI reports are used for the selection of MCS. 
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[bookmark: _Ref465664969]Figure 3: Throughput of High Speed Train with follow CQI 
In Figure 3 the throughput with follow CQI is shown. In these simulations it is also shown that the performance is for our implementation not improved by filtering the CQI. 
Based on these simulations the question is whether the proposed CQI tests improve the quality of the reported CQI or not. 
From Figure 3 it seems the test does not make much harm in the sense that it drives a longer filter used for the CQI report. That is probably due to the case that whe the CQI is good and these are the subframes that adds to the throughput, the CQI report is very stable. For the cases when the CQI is low, the reported CQI fluctuates more but the throughput based on these subframes is anyway quite small. 
On the other hand we do not see the gain with these CQI tests. 
· With the throughput testcases proposed in [1] the test shall be based on that the throughput shall be good also close to the middle between the radioheads.  The advanced receiver is improving this throughput so our view is that with an advanced receiver the UE will pass these testcases. This is also tested with the throughput tests.
· With a test that the CQI is compressed, it depends on what SNR to test it and in our simulations, where the throughput is quite aligned, the compression is not that high. Different implementations of the advanced receiver may also give different results here, it is not clear that a receiver havig a compressed CQI statistics is better than another receiver. 

Observation 1: The benefits shown in the CQI report in [1] is already shown in the demodulation throughput testcases
Observation 2: The CQI report, depending on the SNR, is compressed at high and low SNR (either a very low CQI are CQI=15), but not at medium SNR. 
Observation 3:, A higher filtering of the CQI does not, at least for our advanced receiver, seem to improve the throughput so in that sense a CQI testcase does not seem to risk the CQI definition used in the UEs. 
Based on these observations we do not see any benefits of the proposed CQI tests. On the other hand it does not seem that a CQI test increase the benefit of using more filtering when calculating the CQI report, so it does not seem to harm the CQI report. 

Conclusions
Observation 1: The benefits shown in the CQI report in [1] is already shown in the demodulation testcases
Observation 2: The CQI report, depending on the SNR, is compressed at high and low SNR (either a very low CQI are CQI=15), but not at medium SNR. 
Observation 3:, A higher filtering of the CQI does not, at least for our advanced receiver, seem to improve the throughput so in that sense a CQI testcase does not seem to risk the CQI definition used in the UEs. 
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