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Discussion 
1
Introduction 
A work item “LTE DL 4 Rx antenna ports” had been agreed in RAN#67. In the performance part, the objectives of this work item include 1) introduce PDSCH demodulation test, 2) introduce CSI test, and 3) study the feasibility on introducing control channel test. In this paper, we provide our views about the test details.
2
PDSCH Demodulation test 
The most attractive benefit of using 4 RX antennas is the throughput gain brought by 3 and 4 layer transmissions. As a result, it is desired to have 3 and 4 layer PDSCH demodulation test. PDSCH with 3 and 4 layers are only possible in TM 3, 4, 9 and 10. We can roughly categorize them into CRS-based TMs and DMRS-based TMs. 

1. For CRS-based TMs, TM4 will be more preferred. High-rank transmissions are more likely to be used in indoor scenarios. UE mobility is usually low in indoor scenarios which imply that TM4 which has PMI reports is more likely to be used than TM3. 
2. For DMRS-based TMs, it is fine to select only TM9. The main idea of TM10 is to use CoMP for interference handling. However, for high-rank transmissions which usually happens at high SNR cases, the interference is usually not a critical issue.
Proposal 1: Introduce layer 3 and 4 PDSCH demodulation tests at least in TM4 and TM9
For 1 and 2 layer transmissions, TS36.101 already has tests for 2RX UEs. RAN4 can simply reuse the same setups of existing tests. Further study is required if 4RX UE can directly reuse the 2RX requirement or we need to introduce new 4RX requirements. 
Proposal 2: Reuse the setup of existing 2RX tests for 4RX UE. Study further to check if new requirements are needed.
4RX creates additional degree of freedom on interference suppression. So it is generally expected that IRC receiver would benefit from the additional 2 RX. However, IRC receiver needs to first estimate the interference covariance matrix. A 4-RX UE has a 4-by-4 covariance matrix, which now has more entries. The estimation accuracy could be a concern. IRC gain may not be observed if the covariance is not accurately estimated. As a results, some further study is required before introduce tests for IRC receivers.
Proposal 3: FFS on the gain provided by 4RX IRC receivers before introducing corresponding tests.
In WI [1], MMSE-MRC/IRC, RML and CWIC are all considered as candidate receivers. In fact, RML receiver includes many different types of demapper algorithms. And those different algorithms could have very diverse performance, as shown in Figure 1 for MCS-4, 13 and 23. Even though the demapper type is the same, the performance could still be very diverse by selecting different parameters, e.g., the radius in the sphere decoder. Moreover, we think that UE should be allowed have the freedom to adjust the parameters in the demapper for either better throughput or for power saving. As a result, we suggest considering at least MMSE-MRC/IRC as the reference receiver when defining test, and further study on the feasibility of introducing additional requirements for RML receivers.
Proposal 4: Consider at least MMSE- MRC/IRC as the reference receiver and further study on the feasibility of introducing additional requirements for RML receivers.
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Figure 1. Throughput performance of different RML 4-layer demappers in a) MCS-4, b) MCS-13 and c) MCS-23

3
CSI test 
For rank-3, the 1st codeword is mapped to a single layer, but the 2nd is mapped to two layers. For rank-4, both codewords are mapped to 2 layers. For CQI, UE’s internal calculation for rank 3 and 4 cases is not exactly the same as those in rank 1 and 2. As a result, CQI definition tests are required for both rank-3 and rank-4.
Proposal 5: Introduce static CQI definition tests for both rank-3 and rank-4.
RI test would be required for 4RX UE that support up to 4 layers. Figure 2 shows the throughputs for fixed RI = 2, 3, and 4. As observed from the figure, we think that the throughput gain of adaptive RI and fixed RI can be re-used as the metric. For an example, we can use the throughput ratio of adaptive RI over RI=2 at a low correlation channels with SNR 25dB to verify UE’s reporting behavior on rank 3 and/or 4.
Proposal 6: Extending the legacy RI test to rank 3 and rank 4.
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Figure 2. Fixed RI simulation results (TM4, 10MHz, EPA5-low, TX EVM 3.5%, follow UE wideband CQI, real channel/noise estimation)
The existing PMI tests aim to check the UE’s PMI selection gain, which is defined by the throughput ratio between {following UE’s PMI suggestion} and {using random PMI}. We think that using 2RX or 4RX do not make significant difference on this ratio. As a result, 4RX UE can simply reuse the existing setup and requirements, and no new tests will be needed.
Proposal 7: No new PMI test for 4RX UE is introduced. 

4
Control Channel test 
The main issue on introducing the control channel test for 4RX UE is on the power consumption. From user’s viewpoint, all control channels are overhead. Spending additional power on only control channels will degrade user experience. In our opinion, only two scenarios that user will be comfortable to turn on all 4 RX antennas:
1)
Heavy PDSCH traffic. In this case, using more receive antennas can increase the DL throughput (for all layers from 1 to 4). Higher throughput implies that UE can finish its downlink reception as soon as possible and then goes to power saving modes as early as possible.
2)
Very low SNR conditions. UE needs to turn on 4RX in order to maintain the link to eNB, e.g., to listen to paging and/or to keep insync in RLM.
Therefore, we think that it is fine to have the control channel tests and RLM tests, if they are tested either at sufficiently low SNR and/or with PDSCH traffic. Except above two scenarios, UE should have the freedom to choose the number of RX antennas to be used.
Proposal 8: It is fine to have the control channel tests and RLM tests, if they are tested either at sufficiently low SNR or with PDSCH traffic. 

5
Summary 
In this contribution, we provide our simulation results and proposals on the 256QAM CSI tests: 
Proposal 1: Introduce layer 3 and 4 PDSCH demodulation tests at least in TM4 and TM9.

Proposal 2: Reuse the setup of existing 2RX tests for 4RX UE. Study further to check if new requirements are needed.

Proposal 3: FFS on the gain provided by 4RX IRC receivers before introducing corresponding tests.

Proposal 4: Consider at least MMSE- MRC/IRC as the reference receiver and further study on the feasibility of introducing additional requirements for RML receivers.
Proposal 5: Introduce static CQI definition tests for both rank-3 and rank-4. 
Proposal 6: Extending the legacy RI test to rank 3 and rank 4.

Proposal 7: No new PMI test for 4RX UE is introduced. 

Proposal 8: It is fine to have the control channel tests and RLM tests, if they are tested either at sufficiently low SNR or with PDSCH traffic. 
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