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1 Introduction
In RAN4#76bis meeting, companies has discussed about the 4-RX CQI test scope and further had discussion through the email reflector. Overall, the UE venders’ preferences seem aligned with focusing on high layer tests, but there may be other needs to study CSI behaviours the lower layer. In this contribution, we would like to discuss our CSI test preferences briefly. 
2 Discussion
There was an unapproved way-forward regarding CQI tests in [1]. In the WF, it listed up all CQI tests and didn’t make any scope for essential tests. In this contribution, we would like to summarize the scope from the previous on-line discussion.
2.1 CQI Test
When 4 Rx AP are present it’s necessary to have new CQI requirements to test that the UE follows the CQI definition for dual codewords in case of RI > 2. CQI is tested by requirements on the variance of the reported CQI and the BLER based on the reported CQI. First, CQI need to be tested in AWGN first with > 2  layers for testing CQ accuracy and function of layer mapping to codewords as minimum testing view.  
For extending to fading channel cases, we propose to consider an IRC test with the fading channel tests since it has both specific UE behaviours and performance improvement with 4-RX. We propose to reuse existed 2-RX test (9.3.5.1) for a CRS-TM and test (9.3.5.2) for a DMRS TM with IRC. 

Proposal 1: CQI need to be tested in AWGN with layers  > 2  for CQI accuracy and calculation functionality. We propose to extend 2-RX testcases of TM4 (testcase 9.2.2.1) and TM9 (testcase 9.2.3.1) with rank-3 and rank-4.
Proposal 2: Under the fading condition, we propose a CQI test with Type-A RX. We propose to define tests by extending the existed 2-RX test (9.3.5.1) for CRS-TM and test (9.3.5.2) for DMRS-TM with IRC. 

About CQI lower layer tests in AWGN channel, RAN4 may want to concretely confirm more accurate CQI measurements from 4-RX APs, but they don’t not many testing points as tests. In fact, in terms of CQI accuracy, CQI lower layer behaviours with MMSE baseline is quite straightforward. If an effective SNR is improved, then CQI accuracy will be improved which is same as 2-RX concepts. It is sceptical on needs of tests to confirm the lower layer accuracy improvements additionally with priority. Although it may be claimed still meaningful, but we would say it has low priority.
In the email discussion, there was a comment from Ericsson as “the 2Rx testcases can be replaced with 4Rx testcases so that will not mean an increased number of testcases in the UE testing.” In fact, we are not sure that all 2-RX testcases can be replaced with 4-RX AP tests. The legacy 2-RX testcases can only be conducted with 2-AP connections (details are addressed in Test Scope -1 in [2] ). In other words, if 2-RX CQI testcases need to be conducted with 4-AP connection, in results, it increases the number of testcases.
Also, there was an email discussion on more CQI tests on Rank 3 or 4 in fading channels (i.e. TM4 based on 9.3.2.1, and TM9 TM9 based on 9.3.2.2). We are open to discuss more CQI tests in high ranks. However, we would like to identify usecases of Rank=4 and how we can use MIMO layers=4 in fading channel condition. We agree that RI=4 functions must be evaluated as specs, which is possible though AWGN channel tests. However, as a few UE venders indicated before in [3]~[5], we want to know benefits of rank 4 usecases if studying in RAN4.

Proposal 3 : Consider more CQI tests with high ranks (i.e. TM4 based on 9.3.2.1, and TM9 TM9 based on 9.3.2.2). Regarding rank=4 CSI tests, we suggest to identify performance benefits of Rank=4 first for further studies.

Table 2 : Selected CQI test configurations 
	Parameters
	Test #1, #2 
	Test #3, #4 
	Test #5

	Reference 2RX

test cases >>
	9.2.2.1
AWGN, CRS
	9.2.3.1
AWGN, CSIRS
	9.3.5.1 : 

Fading condition Type-A RX

	Cell number
	Cell-1
	Cell-1
	Cell-1
	Cell-2

	 System BW
	10MHz
	10MHz
	10MHz
	10MHz

	PDSCH TX mode
	TM4
	TM9
	TM1
	TM1

	Antenna configuration
	4x4 
	4x4
	1x4 low
	1x4

	Propagation channel
	static channel
	static channel
	EPA5
	static channel 

	CRS AP
	AP 0~3
	AP 0,1
	AP 0
	AP 0

	CSI-RS AP
	-
	AP 15,16,17,18
	-
	-

	CSI feedback
	PUCCH 1-1
	PUCCH 1-1
	PUCCH 1-0
	-

	Rank
	Test #1 : Rank 3

Test #2 : Rank 4 
	Test #3 : Rank 3

Test #4 : Rank 4
	Rank 1
	-

	PMI
	Fixed PMI
	Fixed PMI
	-
	-


	Parameters
	Test #6

	Reference 2RX

test cases >>
	9.3.5.2 : 

Fading condition Type-A RX

	Cell number
	Cell-1
	Cell-2

	 System BW
	10MHz
	10MHz

	PDSCH TX mode
	TM9
	TM9

	Antenna configuration
	2x4 low
	1x4

	Propagation channel
	EPA5
	static channel 

	CRS AP
	AP 0,1
	0

	CSI-RS AP
	AP 15,16
	-

	CSI feedback
	PUCCH 1-1
	-

	Rank
	Rank 1
	-

	CB subset
	001111
	Fixed


2.2 PMI Test

PMI needs to be properly tested due to the 4-RX MIMO capability extension. Regarding TM4 tests, the chapter 8 demodulation performance tests are defined with close loop PMIs. The demodulation test can already confirm PMI operations and beamforming gain with 4-RX UE, so new PMI tests are not required for CRS-TMs.
For TM9, PMI tests are required, since the demodulation tests are defined with random beamforming. We propose to reuse the existed 2RX multiple PMI test (9.4.2.3) and for 4-RX UE. In fact, as commented in the previous discussions, PMI selection has no dependency on the number of the RX antenna.
Proposal 4 : As commented in the previous discussions, PMI selection has no dependency on the number of the RX antenna. We propose below for 4-RX AP UE PMI tests.

- For CRS-TM PMI tests, reuse chapter 8 TM6, TM4 close loop test cases

· FDD : TM6 1-layer (8.2.1.4.1B), TM4 2-layer (8.2.1.4.3), TM4 4-layers (new)

· TDD : TM6 1-layer (8.2.2.4.1B), TM4 2-layer (8.2.2.4.3), TM4 4-layers (new)
- For TM9, we propose two options 

(i)  Introduce a new test based on the existed multiple PMI test (9.4.2.3) with a single layer codebook restriction. Consider extending the testcase to dual layers.
(ii)  Introduce new TM9 4-layer demodulation performance test with following PMI in chapter 8, and reuse the performance test for PMI test. TM9 8.3.1.1A test is already defined with following PMI.
2.3 RI Test
In principle, RI tests needs to be extended up to high ranks with 4-RX AP UE introduction. We propose to select TM4 test (9.5.1.1) and TM9 test (9.5.2.1) with RI=1 and RI=2. For the high rank case, the same caution as PMI test is required. After RAN4 investigates that a 4-RX baseline RX can obtain robust performance improvements based on reasonable test purpose and assumptions, we can discuss high RI tests.
Proposal 5 : We propose below for 4-RX AP UE RI tests with two options. Select one of the options.
(i) Reuse the existed 2-RX RI test of TM4 test (9.5.1.1) and TM9 test (9.5.2.1) for RI=2 
(ii) Introduce a new rank test with RI=3. 
An overall CSI test scope is illustrated in Table 2 below.

Table 2 : CSI test scope for 4-RX AP tests
[image: image1.emf]1-0 1-1 2-0 2-1 1-2 2-0 2-2 3-0 3-1 3-2

CRS

(9.2.1.1)

CRS

(9.2.2.1)

eICIC

(9.2.1.3)

CSIRS

(9.2.3.1)

feICIC

(9.2.1.5)

CoMP

(9.2.4.1)

CRS

(9.2.2.1)

CSIRS

(9.3.1.2.1)

feICIC

(9.3.1.1.3)

Fading condition : 

frequency non-selective 

scheduling

CRS

(9.3.2.1)

CSIRS

(9.3.2.2)

Fading condition : 

frequency selective 

interference

CRS

(9.3.3.1)

Fading condition : 

UE-selected subband CQI

CRS

(9.3.4.1)

(9.3.4.2)

Fading condition : 

Type A RX(IRC)

CRS

(9.3.5.1)

CSIRS

(9.3.5.2)

Fading condition : 

Multiple CSI process

CoMP

(9.3.6.1)

CSIRS

(9.3.6.1)

Fading condition 

CRS, 

CSIRS

(9.3.7)

Single PMI

CSIRS

(*ecodebook)

(9.4.1.4)

CRS

(9.4.1.2)

CRS

9.4.1.1

CSIRS

(9.4.1.3)

Multiple PMI

CRS

(9.4.2.1)

CRS

(9.4.2.2)

CSIRS

(9.4.2.3.1)

CSIRS

(*ecodebook)

(9.4.2.3.3)

eICIC

(9.5.3.1)

CRS

(9.5.1.1)

feICIC

(9.5.4.1)

CSIRS

(9.5.2.1)

CoMP

(9.5.5)

PMI

RI

Test  Condition

Feedback mode

PUCCH PUSCH

CQI

AWGN condition

Fading condition : 

frequency selective 

scheduling


* Testcases listed in the table are for FDD. TDD testcases are considered within the identical testing scope.
Tests in Yellow : Introduce testcases for 4-RX

Tests in green : Consider testcase introduction with further discussion
3 Conclusion

In this contribution, we propose our 4-RX UE CSI test preferences.
Proposal 1 [CQI] : CQI need to be tested in AWGN with layers  > 2  for CQI accuracy and calculation functionality. We propose to extend 2-RX testcases of TM4 (testcase 9.2.2.1) and TM9 (testcase 9.2.3.1) with rank-3 and rank-4.

Proposal 2 [CQI] : Under the fading condition, we propose a CQI test with Type-A RX. We propose to define tests by extending the existed 2-RX test (9.3.5.1) for CRS-TM and test (9.3.5.2) for DMRS-TM with IRC. 

Proposal 3 [CQI] : Consider more CQI tests with high ranks (i.e. TM4 based on 9.3.2.1, and TM9 TM9 based on 9.3.2.2). Regarding rank=4 CSI tests, we suggest to identify performance benefits of Rank=4 first for further studies.
Proposal 4 [PMI] : As commented in the previous RAN4 discussions, PMI selection has no dependency on the number of the RX antenna. We propose below for 4-RX AP UE PMI tests.

- For CRS-TM PMI tests, reuse chapter 8 TM6, TM4 close loop test cases

· FDD : TM6 1-layer (8.2.1.4.1B), TM4 2-layer (8.2.1.4.3), TM4 4-layers (new)

· TDD : TM6 1-layer (8.2.2.4.1B), TM4 2-layer (8.2.2.4.3), TM4 4-layers (new)
- For TM9, we propose two options 

(i)  Introduce a new test based on the existed multiple PMI test (9.4.2.3) with a single layer codebook restriction. Consider extending the testcase to dual layers.
(ii)  Introduce new TM9 4-layer demodulation performance test with following PMI in chapter 8, and reuse the performance test for PMI test. TM9 8.3.1.1A test is already defined with following PMI.
Proposal 5 [RI] : We propose below for 4-RX AP UE RI tests with two options. Select one of the options.

(i) Reuse the existed 2-RX RI test of TM4 test (9.5.1.1) and TM9 test (9.5.2.1) for RI=2 
(ii) Introduce a new rank test with RI=3. 
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