3GPP TSG-RAN WG4 Meeting #77
R4-157824
Anaheim,  16-20 Nov, 2015

Agenda Item:
7.8.5
Source: 

Ericsson

Title: 
Discussion on the proposed CSI tests for 4Rx
Document for:
Discussion
1 Introduction
In this contribution the requirement coverage of CSI reporting is further discussed for the case when the numbers of receive antenna ports are increased to 4. 
In this document we suggest the most important requirements to be included in the 4Rx CSI testing. 
2 Scope of CSI requirements

The general objective of this work item is to specify DL UE performance and CSI requirements for 4 Rx AP.The detailed objectives should include the following.
· Specify CSI requirement for 4 Rx AP including 
· CQI

· PMI

· RI

The requirements for CSI are specified in Chapter 9 of 36.101, Reporting of Channel State Information. 
3 Discussion

3.1  CQI reporting 


In RAN4#77 meeting the WF in [1] was agreed where the table below was agreed to be studied further for downsizing of the number of requirements. There have been a discussion on the email reflector regarding what requirements are needed. This discussion is not finalised.

Table 1: The table to be discussed from the WF in [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
	TM 4
	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
	TM 4
	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


Based on this discussion the different requirements with pros and cons are discussed below. 
3.1.1 CQI requirements under AWGN conditions

In the requirements for the AWGN conditions the reporting accuracy of the CQI reporting is tested. The purpose with these tests is that the reported CQI values are according the definitions in TS 36.213 [x].

Testing of higher rank as Rank 3 and 4 is needed since this is new functionality with 4Rx. Here Ericsson propose TM4 with rank 4 and TM9 with rank 3. 

For lower rank the receiver performance difference between 2Rx and 4Rx in AWGN conditions is small. These tests are less important since it will be difficult to check that 4Rx is used here instead of 2Rx. This discussion can be done at a later stage. 

Table 2: Proposal for first set of FDD CQI AWGN requirements:

	AWGN
	PUCCH 1-1
	TM4
	4x4
	4
	9.2.2.1

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3
	9.2.3.1


3.1.2 CQI requirements under fading conditions

The purpose of the frequency non-selective scheduling modes is to verify that the UE is tracking the channel variations and selecting the largest transport format possible according to the prevailing channel state for frequently non-selective scheduling. Therefore it is tested that the filtering is not too long. 
For the fading requirements in section 9.3.2 in 36.101 [x] where the high correlations are use in the tests the standard deviation of the reported CQI value is similar between 2Rx and 4Rx. Thereby it makes sense to test that the filtering for 4Rx is within specifications in a similar test as for 2Rx. With longer filtering the reported standard deviation would be decreased. These tests are in the table above proposed for higher rank as 
Table 3: Standard deviation of reported CQI in section 9.3.2

	SNR
	2RX
	4RX

	6
	1.66
	1.73

	7
	1.66
	1.69

	12
	1.59
	1.48

	13
	1.55
	1.42


For the lower rank, it is in Table 1 proposed to base the requirements in section 9.3.5 to validate 4Rx. The correlation used for these testcases is the Low model. With the low correlation the channel conditions for 4Rx are not fading very much due to the Rx Diversity. The simulated  standard deviation of 4Rx is low, down to 1.18, compared with 1.67 for 2Rx test. Thereby it is difficult to test whether the filtering is according to spec, the standard deviation will not decrease very much also when the UE use longer filtering.

Therefore, the high rank tests should be feasible to perform based on section 9.3.2. The lower rank tests should be further discussed wheather  it is feasible to use high correlation for the IRC tests. Therefore these tests needs further evaluations. 

Table 4: Proposal for higher rank CQI requirements in frequency non-selective mode. 

	EPA5
	PUCCH 1-0
	TM 4
	4x4 
	3 or 4
	9.3.2.1

	EPA5
	PUCCH 1-1
	TM9
	4x4
	3 or 4
	9.3.2.2: 


3.1.3 Conclusion on CQI reporting
Requirements for both AWGN and fading performance with 3 and 4 Layers are proposed in Table 2 and Table 4 above. 
Proposal 1: For lower layers tests further evaluations are needed to agree on the most proper testcases for CSI testing
Proposal 2: The testing of the frequency selective scheduling mode for 4Rx needs to be further evaluated
3.2 PMI
For the PMI requirements for higher rank it was proposed to use PMI feedback in the 3 and  4 Layers testcases instead of testing PMI directly. This is feasible according to our initial study. 
Proposal 3: The PMI requirements are for further investigations and based on the proposals for the follow PMI tests to check whether some new 4Rx testcases are needed for 4Rx PMI.  

3.3 RI

For the rank indication, the proposal in the W [x] is to evaluate the following requirements. 
	Propagation condition
	Reporting 
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	EPA5
	PUCCH 1-1
	TM4
	2x4
	9.5.1.1

	EPA5
	PUCCH 1-1
	TM9
	4x4 
	9.5.2.1


That study is proposed to be extended to the next RAN4 meeting.
4 Conclusions

Table 2: Proposal for first set of CQI AWGN requirements:

	AWGN
	PUCCH 1-1
	TM4
	4x4
	4
	9.2.2.1

	AWGN
	PUCCH 1-1
	TM9
	4x4
	3
	9.2.3.1


Table 4: Proposal for higher rank CQI requirements in frequency non-selective mode. 

	EPA5
	PUCCH 1-0
	TM 4
	4x4 
	3 or 4
	9.3.2.1

	EPA5
	PUCCH 1-1
	TM9
	4x4
	3 or 4
	9.3.2.2: 


Proposal 1: For lower layers tests further evaluations are needed to agree on the most proper testcases for CSI testing

Proposal 2: The testing of the frequency selective scheduling mode for 4Rx needs to be further evaluated

Proposal 3: The PMI requirements are for further investigations and based on the proposals for the follow PMI tests to check whether some new 4Rx testcases are needed for 4Rx PMI.  
Proposal 4: The requirements discussed has primarily been focused on FDD with maximum number of Tx antennas equal to 4. It is proposed that for TDD also the cases with 8 Tx antennas is covered in the CSI requirements.

5 References
[1] R4-156862 Way Forward on 4Rx CSI performance
