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1. Introduction
As core part of WI for “Further Downlink MIMO Enhancement for LTE-Advanced” gets close to completion, RAN4 is supposed to start discussion on core and performance requirement in RAN4 specification. First discussion took place on this issue in RAN4 #68bis based on input from two companies [2][3]. In this contribution, we analyze RAN1 specification for Rel-12 DL MIMO enhancement and provide framework for performance requirement development in RAN4. 
2. Rel-12 DL MIMO enhancement
In WI description [1], following areas of potential improvement were identified for further DL MIMO enhancement in Rel-12. 

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-collocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· Enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.
Among these objectives, RAN1 agreed to introduce following enhancements. 
· New 4 Tx codebook for cross polarized antenna with finer spatial granularity
· New aperiodic CSI reporting mode PUSCH 3-2 with subband PMI and subband CQI reporting
2.1. New 4 Tx codebook
New 4 Tx codebook has dual codebook structure similar to Rel-10 8 Tx codebook. This codebook structure is suitable for cross polarized antenna deployment and can provide finer spatial granularity than Rel-8 codebook. From RAN1 specification, it can be noted that
· New 4 Tx codebook is applicable to TM8, TM9 or TM10 UE.
· New 4 Tx codebook is defined only for rank 1 and 2. For rank 3 and 4, legacy Rel-8 codebook is reused. 

· New 4 Tx codebook is enabled by RRC signalling alternativeCodeBookEnabledFor4TX-r12.
· When WB PMI feedback is configured, UE is supposed to report WB PMI for both first and second PMI.
· When SB PMI feedback is configured, UE supposed to report WB PMI for first PMI and SB PMI for second PMI. 

· For PUCCH 1-1, submode 1 and submode 2 are defined similar to Rel-10 8 Tx codebook. In submode 1, RI and sub-sampled first PMI are reported together. In submode 2, sub-sampled first and second PMI are reported together. 
· For TM10 UE, 4 Tx codebook can be selected between Rel-8 and Rel-12 codebook per CSI process.
2.2.  PUSCH 3-2
New aperiodic CSI reporting mode PUSCH 3-2 is introduced to allow simultaneous SB PMI and SB CQI report. PUSCH 3-2 is applicable to CSI reporting based on CRS ports 0~3 as well as CSI-RS ports 15~18. In PUSCH 3-2, UE is supposed to follow procedure below when Rel-8 codebook is configured. 
· For each rank, select best PMI for each SB
· For each rank, calculate WB CQI assuming use of selected SB PMI 

· Select rank providing highest WB throughput
· Calculate SB CQI assuming use of selected rank and SB PMI
· Report selected rank, WB CQI, SB CQI and SB PMI 

If UE is configured with dual codebook, i.e., Rel-10 8 Tx codebook or Rel-12 4 Tx codebook, UE is supposed to follow procedure below.

· For each rank and W1, select best W2 for each SB
· For each rank and W1, calculate WB CQI assuming use of selected SB W2 

· Select rank and W1 providing highest WB throughput
· Calculate SB CQI assuming use of selected rank, WB W1 and SB W2
· Report selected rank, WB W1, WB CQI, SB W2 and SB CQI
Based on PUSCH 3-2 feedback, eNB will be able to perform subband scheduling using best SB PMI and SB CQI information. 
3. Test case design

3.1. Performance requirement for 4 Tx codebook
For Rel-10 8 Tx codebook, UE’s PMI reporting accuracy is tested through PMI test. Single PMI test is defined with PUSCH 3-1 mode and multiple PMI test is defined with PUSCH 1-2 mode. For TM9 PMI test with 8x2 antenna configuration, propagation channel is configured as EVA5 channel with high correlation cross polarized antenna. Beam steering is applied to verify UE’s capability to track time-varying beam direction. Thus, PMI test could be good candidate for PMI accuracy test. 
PMI test is defined in terms of throughput gain when PDSCH is precoded according to PMI feedback compared to the case when random PMI is applied to PDSCH. One drawback with PMI test is that throughput gain requirement is relatively loose since this metric shows large variation among companies’ simulation results. Alternative way to verify PMI accuracy is FRC test with PMI feedback such as TM4 demodulation test. In FRC test with PMI feedback, PMI accuracy is indirectly verified by checking PDSCH throughput when PDSCH is precoded according to UE’s PMI report. TM4 demodulation tests are defined for both PUSCH 1-2 and PUSCH 3-1 and thus allow verification of WB and SB PMI accuracy. In general, performance requirement for FRC demodulation test tends to be tighter than PMI test since simulation results from different companies align well for FRC demodulation test. 
Proposal 1. Investigate FRC demodulation test with PMI feedback as well as PMI test to verify PMI feedback accuracy for new 4 Tx codebook.
If PMI and/or FRC demodulation test is agreed to be introduced for new 4 Tx codebook, we prefer using PUSCH 1-2 or PUSCH 3-2 over PUCCH 1-1. Since PUSCH 1-2 or PUSCH 3-2 enables UE to report SB PMI with full granularity, we will be able to verify whether UE can fully search new 4 Tx codebook to find optimal precoding. If PUCCH 1-1 is employed with either submode 1 or submode 2, UE needs to search only subset of new 4 Tx codebook. Also, defining test for  PUCCH mode when we have PUSCH mode test could be redundant since PUCCH mode could be considered as subset of PUSCH mode.
Proposal 2. Prioritize PUSCH 1-2 mode or PUSCH 3-2 mode over PUCCH 1-1 mode in test for new 4 Tx codebook. 
3.2. Performance requirement for PUSCH 3-2

As already analyzed in section 2.2, PUSCH 3-2 mode is applicable for both Rel-8 codebook with single PMI and 8 Tx or Rel-12 4 Tx codebook with dual PMI. Also, expected UE behavior for two different codebook types is slightly different. For function as well as performance verification purpose, it is desirable to verify UE implementation of PUSCH 3-2 mode for both single PMI and dual PMI codebook case. 
Proposal 3. Define PUSCH 3-2 mode test for both single PMI and dual PMI codebook. 
PUSCH 3-2 can be considered as combination of PUSCH 3-1 mode and PUSCH 1-2 mode. In PUSCH 3-1 mode, UE can report SB CQI but with WB PMI. On the other hand, in PUSCH 1-2 mode, UE can report SB CQI but with WB PMI. With increased feedback overhead, PUSCH 3-2 allows UE to report SB CQI and SB PMI simultaneously, which will help eNB perform better subband scheduling with optimized PMI and CQI. Thus, test for PUSCH 3-2 should be able to highlight benefit of simultaneous reporting of SB PMI and SB CQI. 
Proposal 4. Define test for PUSCH 3-2 mode to highlight the benefit of simultaneous reporting of SB PMI and SB CQI.
When UE reports SB PMI and SB CQI, eNB will schedule PDSCH on SB with best CQI with reported MCS and PMI on that SB. If test metric is defined in terms of throughput gain when PDSCH is scheduled according to UE feedback compared to the case when random PMI and/or WB CQI is applied to PDSCH, UE with suboptimal implementation might be able to pass the test. For example, if UE calculates only WB PMI instead of PMI for each SB and report that as SB PMI, UE still might be able to pass the test. One way to preclude such suboptimal implementation is to define test metric in terms of throughput gain of PUSCH 3-2 mode over PUSCH 3-1 mode and/or throughput gain of PUSCH 3-2 mode over PUSCH 1-2 mode. 
Proposal 5. Investigate throughput gain of PUSCH 3-2 mode over PUSCH 3-1 mode and/or throughput gain of PUSCH 3-2 mode over PUSCH 1-2 mode as a new test metric for PUSCH 3-2 mode test. 
Test for PUSCH 3-2 mode should be defined in channels with frequency selective spatial correlation as well as frequency selective fading. If channel has frequency selective fading but frequency non-selective spatial correlation, PUSCH 3-1 mode can provide same performance as PUSCH 3-2 with less feedback overhead. If channel has frequency selective spatial correlation but frequency non-selective fading, PUSCH 1-2 mode can provide same performance as PUSCH 3-2 with less feedback overhead. For frequency selective fading, we can reuse 2 tap channel defined in B.2.4. For frequency selective spatial correlation, we can consider introducing delay between Tx antenna pairs. Delay will cause phase ramp along frequency dimension, which will provide frequency selective beam direction. 
Proposal 6. Define test for PUSCH 3-2 mode in channels with frequency selective spatial correlation as well as frequency selective fading.
4. Conclusions

In this contribution, we analyzed RAN1 specification for Rel-12 DL MIMO enhancement and provided initial discussion for test case design for newly introduced features. Our proposals are
Proposal 1. Investigate FRC demodulation test with PMI feedback as well as PMI test to verify PMI feedback accuracy with new 4 Tx codebook.

Proposal 2. Prioritize PUSCH 1-2 mode or PUSCH 3-2 mode over PUCCH 1-1 mode in test for new 4 Tx codebook. 

Proposal 3. Define PUSCH 3-2 mode test for both single PMI and dual PMI codebook. 

Proposal 4. Define test for PUSCH 3-2 mode to highlight the benefit of simultaneous reporting of SB PMI and SB CQI.

Proposal 5. Investigate throughput gain of PUSCH 3-2 mode over PUSCH 3-1 mode and/or throughput gain of PUSCH 3-2 mode over PUSCH 1-2 mode as a new test metric for PUSCH 3-2 mode test. 

Proposal 6. Define test for PUSCH 3-2 mode in channels with frequency selective spatial correlation as well as frequency selective fading.

We recommend taking our analyses and proposals into account in discussion for test case design for Rel-12 DL MIMO enhancement. 
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