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1. Introduction

In the last RAN plenary, the work item for 4Rx AP UE was approved [1]. The objective for performance requirements of CSI for this WI is the following: 

· WI scope includes CSI requirements for 4 Rx antenna including 

· CQI

· PMI

· RI

· CSI requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, R-ML and CWIC receivers will be investigated as candidate reference receivers. 

In this contribution, we provide our views on the performance requirements of CSI for 4Rx AP UE.
2. Discussion
In the last RAN4 meeting, the scope of this WI was discussed, and it was agreed that CSI requirements support up to 4 layers, and there is no prioritization on number of layers [1]. When considering “up to 4 layers”, there would be mainly two benefits related to CSI reporting compared with 2Rx AP:
· Increasing of CQI/RI due to the receiver antenna diversity assuming legacy MIMO layers, i.e. Rank-1 and 2.
· Increasing of MIMO layers due to a higher capability of spatial multiplexing, i.e. PDSCH demodulation of Rank-3 and 4 
In that sense, the test purpose of CSI requirements for 4Rx AP UE might include the followings:

Observation 1: Test purpose of CSI requirements might include

· Verification of correct CSI reporting including diversity gain assuming legacy layers, i.e. 1 and 2 layers
· Verification of correct CSI reporting assuming new layers, i.e. 3 and 4 layers
Proposal 1: Above two purposes should be treated with equal priority.
In addition, it was also agreed to specify UE performance requirements with 4 Rx antennas including the follows:
· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)
Hence, it is natural to specify the CSI requirements for both Cell-specific Reference Symbols and CSI Reference Symbols.
Proposal 2: Specify CSI requirements assuming both Cell-specific Reference Symbols and CSI Reference Symbols.
Table 1 summarizes the current CSI requirements for FDD case only (FDD PCell in TDD FDD CA) [2]. In this table, red, greed, gray and purple indicates the CSI requirement for CRS based, CSI-RS based, (F)eICIC/CoMP and CA related, respectively. From this analysis, since this WI still has a large scope, we consider that further limitation of WI scope is needed to specify the CSI requirements certainly. 

Proposal 3: Further limitation of WI scope is needed for CSI requirements to specify it certainly.
Table 1. Current CSI requirements (FDD case only)
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In [3], we proposed the phase approach for performance requirements of PDSCH. We rephrase our proposal below for the CSI requirements. Please see [3] for the detail.
	In [3]

Proposal 2: Specify demodulation requirements of PDSCH for not only non-CA feature but also CA-related features assuming 4Rx AP to improve peek throughput.

Observation 1: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP are FFS
Proposal 3: Consider the following phase approach for demodulation requirements of PDSCH:

· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:

· Single port transmission
· Transmission diversity
· Open-loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

· Small Cell Enhancement (256QAM)

· Sustained Data Rate
· Advanced receiver (MMSE-IRC, R-ML, CWIC) 

· Phase-2: Focus on CA-related features:

· Carrier aggregation (w/ power imbalance, soft buffer)

· TDD FDD CA

· Dual Connectivity
· Phase-3 (if needed) : Focus on (F)eICIC and CoMP 


In summary, we consider that one of the most important aspects for this WI is to improve the peek throughput. In that sense, CA-related features would be very beneficial and more important compared to interference coordination techniques. Hence we propose that RAN4 should specify the requirements of PDSCH for not only non-CA but also CA-related features. 
According to above proposals for PDSCH, the similar phase approach could be considered for the specification of CSI requirements as follows:
Proposal 4: Specify CSI requirements for not only non-CA feature but also CA-related features assuming 4Rx AP.

Observation 2: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP are FFS.
Proposal 5: Consider the following phase approach to specify CSI requirements certainly:

· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:

· CQI reporting under AWGN and/or fading channel conditions
· Single and/or multiple PMI reporting 
· RI reporting up for to 4 layers
· CSI reporting for MMSE-IRC, R-ML and CWIC receivers
· Phase-2: Focus on CA-related features:

· Carrier aggregation 

· TDD FDD CA

· Dual Connectivity (if needed)
· Phase-3 (if needed) : Focus on (F)eICIC and CoMP  

Note that we can advance to next phase if a fundamental specification of previous phase is completed. In other words, the last of the phase-1 (2) could be performed in parallel with the first of the phase-2 (3).
3. Conclusion

In this contribution, we provide our views on the performance requirements of CSI for 4Rx AP UE. Our proposals and observation are as below. 
Observation 1: Test purpose of CSI requirements might include

· Verification of correct CSI reporting including diversity gain assuming legacy layers, i.e. 1 and 2 layers
· Verification of correct CSI reporting assuming new layers, i.e. 3 and 4 layers
Proposal 1: Above two purposes should be treated with equal priority.
Proposal 2: Specify CSI requirements assuming both Cell-specific Reference Symbols and CSI Reference Symbols.
Proposal 3: Further limitation of WI scope is needed for CSI requirements to specify it certainly.

Proposal 4: Specify CSI requirements for not only non-CA feature but also CA-related features assuming 4Rx AP.

Observation 2: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP are FFS.
Proposal 5: Consider the following phase approach to specify CSI requirements certainly:

· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:

· CQI reporting under AWGN and/or fading channel conditions

· Single and/or multiple PMI reporting 

· RI reporting up for to 4 layers

· CSI reporting for MMSE-IRC, R-ML and CWIC receivers

· Phase-2: Focus on CA-related features:

· Carrier aggregation 

· TDD FDD CA

· Dual Connectivity (if needed)

· Phase-3 (if needed) : Focus on (F)eICIC and CoMP  
Note that we can advance to next phase if a fundamental specification of previous phase is completed. In other words, the last of the phase-1 (2) could be performed in parallel with the first of the phase-2 (3).
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