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1 Introduction

In the RAN #66 meeting, a new SID named as “Study on LTE DL 4 Rx antenna ports” was approved, in which the objective of SI is described as:

The main objectives are as follows.
· Identify the scope and objectives of UE RF requirements for 4 Rx AP

· Identify the scope and objectives of RRM core requirements for 4 Rx AP

· Identify the scope and objectives of RRM performance requirements for 4 Rx AP

· Identify the scope and objectives of UE performance requirements for 4 Rx AP

· UE demodulation requirements and

· CSI requirements

In this contribution, we will mainly discuss the parts of UE CSI requirements, and provide our views. It should be mentioned that our contribution [4] has already discussed the modelling of propagation condition, and the demodulation requirements would cover most of the new features involved by 4RX, so this contribution would only focus on the CSI related impacts by 4RX.
2 Discussion on CSI tests
In this section, we would like to discuss the scope of 4RX CSI requirements to provide the instruction for the following 4RX WRD.

Firstly of all, regarding the layer 3/4, similar with the 4RX demodulation requirements, considering the high rank would seldom exist in the realistic network, so we suggest that the 4RX CSI requirements still focus on the legacy 1/2 layer. Of course, further study is not excluded for high rank CSI requirements.
Proposal 1: 4RX CSI requirements would prioritize the 1/2 layers scenarios.

2.1 CQI
With the capability of 4RX, the demodulation requirements would be significantly improved , so the new CQI test would be required to guarantee the correct UE behaviour of MIMO receiver, SINR estimation and SINR-to-CQI mapping. 
Currently, there are different types of CQI requirements which are already defined in TS36.101, which are:

· Type 1: CQI definition tests

· Type 2: CQI fading tests  with frequency-selective scheduling mode

· Type 3: CQI fading tests  with frequency non-selective scheduling mode

· Type 4: CQI fading tests with frequency-selective interference 

· Type 5: CQI fading tests for UE-selective subband CQI

· Type 6: CQI tests for Type A receiver (MMSE-IRC receiver)

· Type 7: CQI tests with multiple CQI processes

Regarding test type 1, as 4RX antenna should significantly promotethe estimated CQI values, so type 1 tests are essential to verify the threshold of SNR to CQI for 4RX UE. 
Regarding test type 6, in our opinion, MMSE-IRC should be treated as a basic and important function and should also be applied for 4RX UE, so test type 6 should also be introduced.

Regarding type 2\3\4 tests, they are originally designed for guarantee that the CQI measurement should be done per subband and subframe. From UE implementation point of view, it’s hard to expect the UE would have different procedure on CQI subband/subband estimation for 2RX and 4RX. So, in our opinion, There isn’t any strong motivation to verify the 4RX CQI with type 2\3\4, but further study is open to justify the motivation.

Regarding type 5 tests, it’s mainly related to the CQI reporting procedure, rather than the CQI measurement, and meanwhile 4RX will only affect the performance of CQI measurement, so type 5 tests is not needed.

Regarding Type 7 tests, as discussed in [4], we think multiple-CQI processes for TM10 could be treated as low priority in this topic, and could be FFS.
Regarding the test methodology and metric, it seems the methodology and performance metric could reused for 4RX CQI requirements. Of course, FFS is not excluded.

Based on the above analysis, regarding the CQI requirements for 4RX, we propose that:

Proposal 2: Regarding the CQI requirement for 4RX, it’s proposed that:
· CQI definition tests and CQI fading tests for Type-A receive should be introduced for 4RX UE
· The test methodology and performance metric of 2RX would be reused

· The other kinds of CQI requirements could be FFS
2.2 PMI
Compared with 2RX, with additional receptions links, the results of PMI selection with 4X would be changed.  So, In our opinion, the PMI tests are needed for 4RX CSI requirements for the purpose of guaranteeing the PMI is derived based on 4RX antenna.
Currently, the PMI requirements defined in TS36.101 are summarized as:
· The PMI requirements mainly cover the following cases

· Single-PMI for layer 1 and 2

· Multiple-PMI for layer 1 and 2

· Different codebook sets: R.8 2TX and 4TX codebook, R.10 8TX codebook, R.12 new 4TX codebook

· The performance metric is the throughput ratio of following PMI over randomly PMI.

· Meanwhile, some demodulation tests would simultaneously verify the PMI measurement, such as TM4 demodulation tests. 

Regarding the codebook sets, as the R.10 8TX codebook and R.12 4T codebook are optional features, so we suggest prioritizing the legacy 2TX and 4RX codebook tests. 
Regarding test procedure, we think it’s possible to reuse the legacy PMI setup and test metric for 4RX. For example, the following test cases could be discussed as a starting-point for 4RX PMI requirements (taking FDD for example):
· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
· Others are not excluded.
So, based on the above analysis, we propose that:
Proposal 3: Regarding the PMI requirement for 4RX, the following tests cases could be discussed as a starting-point:

· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
2.3 rank
Rank measurement would be affected by 4RX, for example, it will be easier for a 4RX UE to report rank2 than a rank1 because of the better demodulation performance, and up to rank 4 may be achievable for 4RX UE. So, rank tests would be inevitable to be introduced with the capability of 4RX. 
Current rank tests are performed as throughput ratio of reported rank over fixed rank. With 4RX UE, further investigation are need to verify the feasibility of reusing legacy rank tests, if infeasible, new rank tests method/procedure would be needed. So, we think further study is needed how to define the 4RX rank tests

Proposal 4: Regarding the rank tests, further study is needed on how to verify or define the setup for 4RX rank requirements.
3 Conclusion
In this contribution, we provide an initial discussion on how to investigate the DL 4RX CSI requirements. Based on our analysis, we propose that:

Proposal 1: 4RX CSI requirements would prioritize the 1/2 layers scenarios.

Proposal 2: Regarding the CQI requirement for 4RX, it’s proposed that:

· CQI definition tests and CQI fading tests for Type-A receive should be introduced for 4RX UE

· The test methodology and performance metric of 2RX would be reused

· The other kinds of CQI requirements could be FFS

Proposal 3: Regarding the PMI requirement for 4RX, the following tests cases could be discussed as a starting-point:

· Test 1: new demodulation tests, R.8 4TX codebook, layer 1, single or multiple-PMI
· Test 2: new demodulation tests, R.8 4TX codebook, layer 2, single or multiple –PMI
· Test 3: demodulation tests in section 8.2.1.4.1, R.8 2TX codebook, layer 1, single and multiple-PMI
· Test 4: demodulation tests in section 8.2.1.4.3, R.8 4TX codebook, layer 2, multiple-PMI
Proposal 4: Regarding the rank tests, further study is needed on how to verify or define the setup for 4RX rank requirements.
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