[bookmark: _Hlk111027908][bookmark: _Hlk498612625]3GPP TSG-RAN WG4 Meeting # 104bis-e	R4-2216177 Electronic Meeting, October 10 – October 19, 2022

Source: 	Qualcomm Incorporated
Title: 	RedCap UE Demodulation Requirements CQI
Agenda item:	4.6.5.2.1
Document for:	Discussion
1. Introductions
In RAN4#104-e [4], the CQI Requirements for RedCap UEs [1] were introduced in the specifications [2]. 
In this paper and the companion draft CR R4-2216429 we address the misalignment in Static Channel configuration between 1 RX UE and 2,4 RX UEs.
1. RedCap CQI Demodulation Requirements
CQI Reporting Requirements for 1 RX
In the RAN4 103-e [3] the following agreement was reached regarding the SNR test points for CQI reporting test in static conditions for 1RX:
Agreement: Test points for CQI reporting test in static condition for 1Rx
· SNR test points X dB lower than 2Rx test case
· For Lower SNR test point
· X = 3dB
· For Higher SNR test points
· X = 3dB

The reason for which the SNR test point for 1 RX is set 3 dB lower with respect to the same test for 2 RX are not evident, since the conditions for demodulation for the RedCap UE under test are not expected to be different between 1 RX test with Rank=1 and 2 RX test with Rank=2.
Observation 1: CQI reporting performances in static condition for the same SNR are expected to be similar for 1 RX/Rank=1 and 2 RX/Rank=2.
This misalignment between the choice of 1 RX and 2 RX test points was not discussed at length in the past meeting, but it seems clear from our analysis that the motivation behind the SNR gain seen in the 1 RX test (according to which the decision to reduce the test point SNR compared with 2 RX was taken) lies in the choice of Precoding Matrix and Channel Matrix combination.
According to the agreements in [3], in fact:
Agreement: Test setup for CQI reporting test in static condition
· Define the codebookSubsetRestriction for 2T1R to avoid the equivalent channel matrix is 0. 
· Set codebookSubsetRestriction to 000001 if H = [1 1] is used

It is clear to see that the choice of codebook index 0 according to the codebookSubsetRestriction, shown in the table below extracted from 38.214, coupled with a static channel matrix  results in constructive interference, summing up (with the same phase) output signals from 2 different TX ports of the TE before reaching the UE single RX Port; [image: Table

Description automatically generated]
This combination of precoding and channel creates an effective 3dB SNR gain, which in order to keep alignment with the same CQI test for 2RX had to be compensated, according to the discussion in RAN4#103-e, by reducing the test point SNR in order for the test to be aligned with the 2 RX performances.
[bookmark: _Hlk111027143][bookmark: _Hlk111027153]Observation 2: The agreed static channel matrix H = [1 1]; proposed for CQI simulation alignment when using the codebookSubsetRestriction = 000001 results in 3dB SNR gain, summing (with the same phase) 2 TX ports at the TE outpit;
Observation 3: The current agreements in [3] regarding the test points for CQI reporting test in static condition for RedCap UEs with 1Rx is not motivated by an expectation in performance but by the combination of choices for Channel Matrix and Codebook Index in the test setup;
It is our view that it would make for a clearer requirement, and an overall more straightforward implementation of the spec, to ensure that the SNR test point choice is not affected by the non-transparent consequence of channel matrix and precoding index choice.
Furthermore, while the codebookSubsetRestriction = 000001 is a typical parameter used for a large portion of the tests already in the spec, the choice of static channel matrix H = [1 1] seems not to be in line with the current assumptions contained in 38.101-4.
In fact, we would expect that the static propagation channel for UEs with 1RX and 2 Port TX should be mapped to either one of the rows of the same static propagation channel for UEs with 2 RX and 2 Port TX, (included in the excerpt below from 38.101-4, v 17.5.0) so one of the two possibilities below:



It is straightforward to see that either choice  or  would not result in a sum with the same phase of signals coming from different TX Ports (when using codebookSubsetRestriction = 000001), and as such it is our opinion that either one of the two should be chosen to replace the current choice for H.
Observation 4: A careful choice for the Static propagation condition channel matrix for 1 RX UE , extracted from Channel matrix already included in 38.101-4, Annex B.1 results in no additional SNR gain with the typical CodebookSubsetRestriction value agreed;
Proposal 3: For UE Receiver with 1 RX, define the static channel matrix in the frequency domain as 
If the previous proposal is agreed, then there is no need to reduce the test point SNR for 1 RX CQI tests and we can agree on setting the same SNR test point for 1 RX and 2 RX CQI reporting for static channel.
Proposal 4: If  is used, test points for CQI reporting test in static condition for RedCap UEs with 1 RX are introduced X=0 dB lower than 2 RX (same test point for 1 RX and 2 RX);
1. [bookmark: _Hlk85466326]Conclusions
Observation 1: CQI reporting performances in static condition for the same SNR are expected to be similar for 1 RX/Rank=1 and 2 RX/Rank=2.
Observation 2: The agreed static channel matrix H = [1 1]; proposed for CQI simulation alignment when using the codebookSubsetRestriction = 000001 results in 3dB SNR gain, summing (with the same phase) 2 TX ports at the TE outpit;
Observation 3: The current agreements in [3] regarding the test points for CQI reporting test in static condition for RedCap UEs with 1Rx is not motivated by an expectation in performance but by the combination of choices for Channel Matrix and Codebook Index in the test setup;
Observation 4: A careful choice for the Static propagation condition channel matrix for 1 RX UE , extracted from Channel matrix already included in 38.101-4, Annex B.1 results in no additional SNR gain with the typical CodebookSubsetRestriction value agreed;
Proposal 3: For UE Receiver with 1 RX, define the static channel matrix in the frequency domain as 
Proposal 4: If  is used, test points for CQI reporting test in static condition for RedCap UEs with 1 RX are introduced X=0 dB lower than 2 RX (same test point for 1 RX and 2 RX);
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Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSl reporting using antenna ports 3000 to 3001
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B.1  Static propagation condition

B.1.1 UE Receiver with 2Rx

For 1 port transmission the channel matrix is defined in the frequency domain by
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For 2 port transmission the channel matrix is defined in the frequency domain by
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For 4 port transmission the channel matrix is defined in the frequency domain by
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For 8 port transmission the channel matrix is defined in the frequency domain by
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