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1. Introduction
In RAN #67, a new RAN4 WI “LTE DL 4 Rx antenna ports” was approved [1] with following objective for CSI requirements. 

The objectives for CSI requirements for 4 Rx AP are 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, RML and CWIC receivers will be investigated as candidate reference receivers. 

In this contribution, we provide our view on overall framework for 4 Rx CSI requirements. 
2. Discussion
PDSCH demodulation with 4 Rx antenna can provide improved diversity gain for rank 1 and rank 2 PDSCH as well as enhanced peak throughput with rank 3 and rank 4 PDSCH in favorable channel condition. In order to harvest full benefit from improved PDSCH demodulation performance, CSI reporting should properly capture 4 Rx antenna demodulation performance. For CSI reporting for rank 1 and rank 2 PDSCH, UE can reuse most of CSI calculation function of existing 2 Rx CSI calculation. The only necessary change is effective CINR calculation to reflect 4 Rx demodulation performance. On the other hand, CSI reporting for rank 3 and rank 4 PDSCH requires new function such as selection of rank 3 and rank 4 PMI, effective CINR calculation for 3 and 4 layer PDSCH and extended rank selection including rank 3 and 4. Therefore, RAN4 should address specification of CSI performance requirement for rank 1/2 PDSCH and rank 3/4 PDSCH separately. 
2.1. Rank 1/2 CSI reporting
For rank 1/2 PDSCH, we expect substantial performance improvement with 4 Rx demodulation relative to 2 Rx due to increased diversity combining gain at UE receiver. For 2 Rx antenna receiver, we already have comprehensive CSI requirements including CQI, PMI and RI reporting for various CSI reporting mode, transmission modes (TM), antenna configuration, propagation channel and interference conditions. Considering that CSI calculation for rank 1/2 PDSCH is similar in most part between 2 Rx antenna and 4 Rx antenna UE, it would desirable to select subset of existing 2 Rx performance requirements to define CSI requirements for 4 Rx UE. 
UE calculates CSI based on following procedure. 

1. Estimate channel and noise/interference covariance based on CRS, CSI-RS or CSI-IM depending on transmission mode. 

2. For each RI and PMI candidate, calculate effective CINR. 

3. Select RI and PMI that can provide highest effective CINR. 

4. Convert effective CINR into CQI that can achieve 10% target BLER. 

Channel and noise/interference covariance estimation for 4 Rx antenna can be verified by any 4 Rx CSI tests. In order to cover channel and noise/interference covariance estimation from different RS, it would be desirable to specify one CSI tests with CRS TM and one CSI tests with TM9 or TM10. 
Effective CINR calculation is main change UE needs to implement to capture 4 Rx demodulation performance gain in CSI calculation. UE needs to include channel and noise/interference covariance estimation for all 4 Rx antenna to derive effective CINR. If UE does not have proper effective CINR calculation, CQI value would not align with improved PDSCH demodulation performance. Therefore, CQI definition test would be best candidate to verify proper implementation of effective CINR calculation of 4 Rx antenna UE. 
Assuming that effective CINR calculation is correctly implemented, following steps of RI/PMI selection and CQI derivation for 4 Rx CSI is not changed with respect to 2 Rx CSI reporting. UE can reuse exactly same procedure and tables if any to select RI and PMI and corresponding CQI. 
For rank 1 and rank 2 CSI reporting for 4 Rx antenna UE, 

Proposal 1. Specify at least one CSI requirement for CRS TM and one CSI requirement for TM9 or TM10. 

Proposal 2. Consider introducing CQI definition tests to verify proper implementation of effective CINR calculation.

Proposal 3. Specify no new PMI and RI requirements.

2.2. Rank 3/4 CSI reporting
2.2.1. Reference receiver

For rank 3/4 PDSCH demodulation, RAN4 first needs to agree on reference receiver for rank 3/4 PDSCH demodulation. For rank 2 PDSCH demodulation, RAN4 introduced enhanced performance requirement with RML/CWIC receiver in Rel-12 SU-MIMO WI. Considering that increase in receiver complexity for RML or CWIC receiver relative to MMSE-IRC receiver is significantly higher for rank 3/4 PDSCH than rank 2 PDSCH, it would be desirable to define performance requirements for higher rank PDSCH based on MMSE-IRC receiver to allow broader adoption of the feature. As was done for rank 2 PDSCH demodulation, enhanced receiver for rank 3/4 PDSCH can be introduced in later release if strong need for such enhanced receiver is identified. 
Proposal 4. Consider MMSE-IRC receiver as reference receiver for rank 3/4 CSI requirements. 

2.2.2. CQI requirement
Effective CINR calculation for rank 3 and rank 4 PDSCH is a new functionality UE needs to implement to perform rank 3 and rank 4 CSI reporting.  UE needs to calculate effective CINR for 3 or 4 MIMO layer based on estimated channel and noise/interference covariance matrix. Effective CINR is converted to CQI and reported to the eNB in CSI reporting. Thus, proper implementation of effective CINR calculation can be verified by CQI requirement. 
Existing CQI requirements consist of CQI definition test in static channel and CQI test in fading channel. Note that all existing CQI test in fading channel is defined for rank 1 PDSCH and specific test purpose like preventing excessive CQI averaging in time or frequency domain. Since 4 Rx UE also needs to fulfill existing CQI requirement in fading channel for 2 Rx antenna, we don’t need to repeat CQI requirement in fading channel for 4 Rx UE. 
Under current specification, capability signaling for 4 layer suppport is allowed only for TM9 and TM10. Therefore, we would like to propose rank 3 and rank 4 CQI definition test with TM9. 

Proposal 5. For CQI requirement for rank 3 and rank 4 PDSCH, consider rank 3 amd rank 4 CQI definition test with with TM9. 

2.2.3. PMI requirement

For TM9 and TM10, UE needs to include PMI in CSI feedback to indicate precoding to be used in eNB for PDSCH transmission. For best PMI selection, UE calculates effective CINR for all PMI candidates and select one that can provide highest effective CINR. Addition of rank 3 and rank 4 PMI to the PMI candidate set would incur increased memory and computation in CSI reporting block. Thus, it is desirable to specify rank 3 and rank 4 PMI requirements. 
For rank 3 and rank 4 PMI calculation, UE needs to consider following codebooks. 
· Rel-8 codebook for 4 Tx antenna

· Rel-10 codebook for 8 Tx antenna

· Rel-12 codebook for 4 Tx antenna

In order to minimize duplication of similar test cases, we would like to propose following as candidate test set up. 
· FDD/TDD TM9 rank 3 PMI test with Rel-8 codebook for 4 Tx antenna

· FDD TM9 rank 4 PMI test with Rel-12 codebook for 4 Tx antenna

· TDD TM9 rank 4 PMI test with Rel-10 codebook for 8 Tx antenna

Note that for higher rank, PMI optimization based on UE feedback might not be able to provide enough performance gain. Therefore, whether to introduce rank 3 and rank 4 PMI requirements should be determined based on feasibility study on testability. 
Proposal 6. Perform feasibility study for rank 3 and rank 4 PMI requirements. 

2.2.4. RI requirement

In UE CSI calculation procedure, RI is jointly determined with PMI among all RI and PMI candidates based on effective CINR calculation. Existing RI tests are defined to verify that UE selects RI that is optimal for specific propagation channel condition. As rank 3 and rank 4 transmission comes into picture, UE needs to select rank 3 or rank 4 for RI in favorable channel condition to achieve higher peak throughput. 
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Figure 1. TM9 PDSCH throughput with different rank

We ran quick simulation to check CINR regime of rank 3 and rank 4 transmission for TM9. Figure 1 shows envelope of FRC throughput for rank 2, 3 and 4 PDSCH for TM9 in EPA5 channel. We can observe that, in low correlation channel, rank 3 transmission outperforms rank 2 transmission only when CINR is above 20dB. Rank 4 transmission can provide higher throughput than rank 3 transmission when CINR is higher than 27dB. From testability point of view, RI test for rank 4 does not look feasible. 

Observation 1. Rank 4 transmission requires extremely high CINR even in low correlation channel. 

Proposal 7. Perform feasibility study for rank 3 and rank 4 RI requirements. 

3. Conclusions

In this contribution, we provided our view on overall framework for 4 Rx CSI requirements. Our observations and proposals are
Observation 1. Rank 4 transmission requires extremely high CINR even in low correlation channel. 

For rank 1 and rank 2 CSI reporting for 4 Rx antenna UE, 

Proposal 1. Specify at least one CSI requirement for CRS TM and one CSI requirement for TM9 or TM10. 

Proposal 2. Consider introducing CQI definition tests to verify proper implementation of effective CINR calculation.

Proposal 3. Specify no new PMI and RI requirements.

For rank 3 and rank 4 CSI reporting for 4 Rx antenna UE, 

Proposal 4. Consider MMSE-IRC receiver as reference receiver for rank 3/4 CSI requirements. 

Proposal 5. For CQI requirement for rank 3 and rank 4 PDSCH, consider rank 3 amd rank 4 CQI definition test with with TM9. 

Proposal 6. Perform feasibility study for rank 3 and rank 4 PMI requirements. 

Proposal 7. Perform feasibility study for rank 3 and rank 4 RI requirements. 
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