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1 Introduction

In the last RAN4#76bis meeting, CSI requirement for 4RxAP was discussed and WF on 4Rx CSI was provided but wasn’t agreed due to lack of time[1]. In this contribution, we provide our views on CSI performance test for 4RxAP.
2 Discussion
2.1 CQI
For CQI requirements, there was some agreement during last meeting as follows;
· Agreement: Prioritize layer-3/4 for 4Rx CQI definition test over layer-1/2 CQI test for 4Rx
Following table is captured from WF[1] and discussed during e-mail reflector.
Table 1. CQI requirement candidate from WF[1]

	Propagation condition
	Reporting 
	TM
	Proposed antenna configuration
	# of Layers
	Based on current requirement

	AWGN
	PUCCH 1-0
	TM1
	1x4
	1
	9.2.1.1

	AWGN
	PUCCH 1-1
	TM4
	4x4
	2 , 3 & 4
	9.2.2.1

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3 & 4
	9.2.3.1

	EPA5
	PUCCH 1-0
	TM4
	4x4 
	max rank 4
	9.3.2.1

	EPA5
	PUCCH 1-1
	TM9
	4x4
	 
	9.3.2.2: 

	EPA5
	PUCCH 1-0
	TM1
	1 x 4
	1
	9.3.5.1

	EPA5
	PUCCH 1-1
	TM9
	2x4 /4x4
	1
	9.3.5.2

	EVA5
	PUCCH 3-1
	TM4
	2x4 
	max rank 2
	9.3.1.2

	EVA5
	PUSCH 3-2
	TM4
	4x4 
	 
	9.3.7 Test 1

	EVA5
	PUSCH 3-2
	TM9
	4x4 
	 
	9.3.7 Test 2

	EVA5
	 TBD
	TM9
	4x4 
	 
	Enhanced Receiver Type C


Actually, current existing CQI requirements can be categorized as follows;
· 9.2 CQI reporting definition under AWGN conditions: To measure CQI reporting accuracy in static AWGN condition.

· 9.3 CQI reporting under fading conditions: To check tracking CQI performance of frequency or time under fading condition.

For CQI reporting definition test, we think that UE using 4 Rx AP might have different combined SINR to CQI mapping table and therefore report different CQI reporting values from legacy UE under given channel condition. Therefore we principally agree on having new CQI reporting requirements regard to change of UE’s CQI mapping table.

For rank 1 & 2 CQI test, we can reuse existing CQI requirements for 2 Rx under some test applicability conditions. For target SNR points, we might be needed more study including simulation campaign. For 3 & 4 CQI test, we can have new CQI requirements which are expanded from existing CQI requirements for 2 Rx. 
For CQI reporting under fading conditions, we think that tests in this clause are to verify some other impact except CQI definition including frequency/time tracking performance, different feedback mode of PUSCH3-2, and IRC implementation, etc. In aspect of UE algorithm for CQI selection, there is no essential changed in core algorithm regard to frequency/time tracking, different feedback mode, and IRC implementation which can be verified through 2Rx AP requirements with appropriate test applicability rule. Thus, we prefer not to introduce CQI test under fading channel.

Proposal 1. Introduce new CQI reporting test up to rank 4 under AWGN channel for 4 Rx AP requirements.

Proposal 2. Do not introduce CQI reporting test under fading channel for 4Rx AP requirement.

2.2 PMI

For PMI requirements, the purpose of PMI requirement is to verify precoding gain of UE and current existing PMI requirements are specified only for rank 1 except 1 case of 9.4.2.3 for Multiple PMI requirement of PUSCH 1-2 reporting mode. Also, during last meeting, one vender presented simulation results about PMI gain on higher rank [2]. In Figure 1, we present our preliminary simulation results which are almost similar simulation with [1] to see PMI gain under different rank.
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Figure 1.  Preliminary simulation results to verify PMI gain under different rank

From simulation results, we can also see that following PMI gain decreased decreases as rank increased, especially rank 4. Therefore PMI test with higher rank seems infeasible since its gain is too limited.

Also, in aspect of UE algorithm for PMI selection, there is no essential change in core algorithm except used codebook. In addition to above statement, we think that PMI gain of 4 Rx is already implicitly tested TM4 demodulation test which is currently discussed. Therefore, we prefer not to introduce explicit PMI test since we think that such new requirement is redundant.

Proposal 3. Do not introduce explicit PMI test at least up to 4 Tx.

2.3 RI

The purpose of RI requirement is to verify rank adaptation performance of UE and current existing RI requirement are specified up to rank 2. Actually, potential support of higher rank more than 2 is important feature of 4 Rx AP WI on both demodulation and CSI performance. Thus, we think that new RI requirement should be introduced to cover up to rank 4.
Existing each RI requirements are combined with 3 test with different SNR and antenna correlation as presented in Table 1 which is captured from existing RI requirement.

Table 2. Existing RI requirements for 2Rx AP

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI

	SNR
	dB
	0 (Low SNR)
	20 (High SNR)
	20 (High SNR)

	Test metric
	
	γ2 ≥1
	γ1 ≥1.05
	γ1 ≥0.9


Since new RI requirement for 4 Rx AP should cover up to rank 4, we might need new test metric in addition to γ1, γ2 in terms of relative T-put ratio. The new test metric might be defined as we already did as follows;
· γ3 : The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 3.

· γ4 : The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 4.
In Figure 2, we present our preliminary simulation result to verify rank adaptation performance up to rank 4.
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Figure 2. Preliminary simulation results for Rank Adaptation performance
(TM4 6 PRB best subband scheduled using PUSCH 3-2 mode on EPA5 4x4 Low correlation)
From simulation results, we can see followings;
Observation 1. T-put gain of fixed rank is increased as its rank is increased..
Observation 2. T-put gain of rank adaptation has almost best performance within test cases including lowest SNR region tested. 
Observation 3. For rank adaptation gain versus fixed rank, γ1 have largest value between γ1 to γ4.
Since these observations come from our preliminary simulation results only, we think that we need more simulation work before deciding new test metric for 4Rx RI test requirements. But anyway, if we introduce all test metric to cover up to rank4, new RI requirement might be too complex since single RI test is consisted with a number of test which is combination from γ1 to  γ4. Also, we might have difficulty in test condition which have best performance in specific γ value between from γ1 to  γ4. Therefore we need to consider efficient way on test metric selection. One simple solution might be replacing γ2 to  γn in existing requirement with modified SNR range as presented in Table 3.
Table 3. One of example solution for RI test requirement for UE support n MIMO layer

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=n and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI

	SNR
	dB
	Low SNR
	High SNR
	High SNR

	Test metric
	
	γn ≥1
	γ1 ≥1.05
	γ1 ≥0.9


At this time, we have no strong preference about test metric, since we think that we need more time to study. But anyway, we think that we prefer to introduce new RI requirements up to rank 4, since potential support of higher rank more than 2 is important feature of 4 Rx AP WI on both demodulation and CSI performance.
Proposal 4. Introduce new RI requirements for Rank 4.
3 Conclusion
In this contribution, we provide our views about CSI test requirements of 4 Rx AP. Our proposals are presented as follows;
For CQI test
Proposal 1. Introduce new CQI reporting test up to rank 4 under AWGN channel for 4 Rx AP requirements.
Proposal 2. Do not introduce CQI reporting test under fading channel for 4Rx AP requirement.

For PMI test
Proposal 3. Do not introduce explicit PMI test at least up to 4 Tx
For RI test, 
Proposal 4. Introduce new RI requirements for Rank 4.
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