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1
Introduction

The introduction of performance requirements for UEs equipped with 4Rx AP is expected to provide benefits in both receive diversity as well as increased spectral efficiency through increased spatial multiplexing. During the past meetings where 4Rx AP topic has been discussed, there has been not much progress on the CSI requirements. We see some urgency in discussing this topic which is key in defining competitive 4Rx operation as well as having a successful outcome of this work. In this contribution we present our views with respect to the introduction of CSI performance requirements.
2
CSI testability
 The issues of CSI performance requirements for 4Rx UEs has been addressed by several companies in previous meetings [2]
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[7]. The work item scope is including the investigation of all the CSI feedback components that is CQI, PMI, RI such requirements targeting up to 4 layers operation.
Observation 1: The work item scope is including the investigation of all the CSI feedback components (CQI, PMI, RI) such requirements targeting up to 4 layers operation.

As discussed in previous contributions, the current specification contains performance requirements for AWGN and fading conditions, for different PUCCH channels, CRS and CSI-RS transmission modes. There are two tracks of development: on the first track the existing 2Rx based performance requirements should be revisited in the light of 4Rx AP utilization, while on the second track new requirements are necessary for the operation of up to 4 layers, in other words for rank 3 and rank 4 operation.
Proposal 1: Improved performance requirements for existing 2Rx specification as well as the introduction of new performance requirements for up to 4 layers operation should be considered.

It seems also the case that some prioritization of work should be performed, with a good balance of the two tracks described above so that both are covered. In particular we see critical the definition of new performance requirements for more than 2 layers operation, without these the practical utilization of higher ranks being not possible. There have been several discussions on the practicality of utilizing high ranks, especially rank 4, however at least rank3 has been shown to be a strong candidate for specification [6], operating in achievable SNR regimes which can be achieved in practice. Specification support exists now for both CRS and DMRS based TMs, hence these should be treated with equal priority.
Proposal 2: Prioritize the rank 3 CSI testability investigations under fading channel conditions.
Proposal 3: Consider TM4 and Tm9 with equal priority.
2.1 CQI

Existing CQI tests are covering a broad range of conditions in terms of AWGN and fading channel, different reporting modes, CRS and CSI-RS, different technologies. In the following we present our prioritization with respect to CQI investigations.
The specification covers the CQI reporting definition under AWGN conditions for a wide amount of choices. This was indeed needed as the scope of such tests is to verify that the reported CQIs are in accordance to what is specified in 36.213. As such functionality of the UE is thoroughly tested for 2Rx we do not see a main priority of the 4Rx tests to replicate through the existing ones, however it is sufficient to focus on a particular case and validate the UE operation. 

2.1.1 CQI reporting under AWGN conditions

For testing the basic CQI computation under AWGN conditions, our preference is to focus on a dual codeword case with wideband reporting, similar to the definitions from 9.2.2
	Test number
	Propagation condition
	Reporting type
	Transmission mode
	Proposed antenna configuration
	Current 36.101 specification

	#1
	AWGN
	PUCCH 1-1
	TM 4
	4x4
	9.2.2: Minimum requirement PUCCH 1-1 (Cell-Specific Reference Symbols)


2.1.2 CQI reporting under fading conditions

The typical tests performed under fading conditions testability involve frequency flat and frequency selective modes, operation of UE selected subband CQI and multiple CSI processes testability. The focus of this work should involve receiver type A. Our proposal for capturing priority scenarios are as follows:
	Test number
	Propagation condition
	Reporting type
	Transmission mode
	Proposed antenna configuration and maximum rank
	Current 36.101 spec.
	Observations/motivation

	#2
	EPA5
	PUCCH 1-0
	TM 4
	4x4, max rank 4
	9.3.2.1
	Beyond rank 2 operation should be tested under wideband reporting conditions

	#3
	EPA5
	PUCCH 1-1
	TM 9
	4x4, max rank 4
	9.3.2.2
	

	#4
	EVA5
	PUCCH 3-1
	TM 4
	2x4, max rank 2
	9.3.1.2
	Receive diversity operation should be tested under frequency selective reporting conditions

	#5 TBD
	EVA5
	PUCCH 3-2
	TM 9
	2x4, max rank 2
	9.3.7
	

	#6
	
	
	
	
	9.3.3
	Frequency selective interference

	#7
	TBD
	PUCCH 1-1
	TM4/9
	4x4, max rank 4
	Type C receiver
	it is important to test the CSI feedback under inter-layer interference IC conditions


2.2 PMI

Current PMI testing is based on the precoding gain when the UE reports PMI compared to the case when the transmitter is using random PMI. The cases of 4Tx and 8Tx deserve further attention in wideband conditions.
	Test number
	Propagation condition
	Reporting type
	Transmission mode
	Proposed antenna configuration
	Current 36.101 spec.
	Observations/motivation

	#1
	EVA5
	PUCCH 3-1
	TM 4
	4x4
	9.4.1.1
	Beyond rank 2 operation, testing under wideband PMI assumption.

	#2
	EVA5
	PUCCH 1-1
	TM 9
	4x4/8x4
	9.4.1.4
	Beyond rank 2 operation, testing under wideband PMI assumption.


2.3 RI

The testing of rank indication when more then2 layers are used is a key component of this work item and should be addressed with priority. The following setup is recommended.
	Test number
	Propagation condition
	Reporting type
	Transmission mode
	Proposed antenna configuration
	Current 36.101 spec.
	Observations/motivation

	#1
	EPA5
	PUCCH 1-1
	TM 4
	4x4
	9.5.1
	Beyond rank 2 operation

	#2
	EPA5
	PUCCH 1-1
	TM 9
	4x4/8x4
	9.5.2
	Beyond rank 2 operation


5
Conclusions

In this contribution, we have presented our views with respect to the introduction of CSI performance requirements.  This paper includes our proposal regarding which tests should be included. Additionally our observations are summarized as follows.
From the discussion we observe:

Observation 1: The work item scope is including the investigation of all the CSI feedback components (CQI, PMI, RI) such requirements targeting up to 4 layers operation.
Regarding CSI testability we propose:

Proposal 1: Improved performance requirements for existing 2Rx specification as well as the introduction of new performance requirements for up to 4 layers operation should be considered.
Proposal 2: Prioritize the rank 3 CSI testability investigations under fading channel conditions.

Proposal 3: Consider TM4 and Tm9 with equal priority.
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