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1. Introduction

In RAN4#75 meeting, the test coverage and test scenarios for DL 4Rx PDSCH demodulation requirements were extensively discussed. And rank1/rank2 test, high rank test and SDR test were all involved during discussion, but no agreement was reached. However, it is proposed to extend the existing 2Rx test cases to 4Rx. In this contribution, we provide our considerations and proposals for 4Rx PDSCH demodulation requirements.
2. Discussion
Test coverage
In current RAN4 specifications, there are extensive PDSCH demodulation test cases covering different features and scenarios. It is impossible to verify all the test cases and transmission modes for DL 4Rx demodulation. So for transmission modes and test scenarios, a down-selection is necessary to simplify test requirements. According to the discussion minutes of last meeting, TM1/TM2/TM3/TM4/TM6/TM9 was initially considered. But such this coverage about transmission mode is still large. In our opinions, TM2 transmit diversity, TM3 2-layer CDD, TM4 2-layer closed loop, TM9 1-layer multiplexing and multi-layer multiplexing (rank3/4) are sufficient for 4Rx demodulation requirements. 
Proposal1: Define TM2/TM3/TM4/TM9 test cases for 4Rx PDSCH demodulation.
Regarding antenna configuration and bandwidth, PDSCH demodulation requirements should mainly focus on 2Tx antenna and 10MHz. And 4Tx antenna is applied for rank3/rank4 tests. 
Proposal2: Focus on 2Tx antenna for non-high rank tests and 4Tx antenna for rank3/rank4 tests.

Additionally, in 4Rx PDSCH demodulation requirements, 256QAM modulation should be covered. 4Rx demodulation with 256QAM can be verified using the existing TM9 256QAM test case.
Proposal3: Cover 256QAM modulation and extend the existing TM9 256QAM test case to 4Rx requirement.
Reference receiver

We propose to define MMSE-IRC as the reference receiver for DL 4Rx PDSCH demodulation requirements. And the reasons can be summarized as below: 
· As baseline receiver, MMSE-IRC is extensive applied for RAN4 demodulation tests;

· Advanced receiver works accompanied with high complexity;
· For most of test scenarios without interference, the performance gain of advanced receiver is slight, especially 1-layer case;
· DL 4Rx and advanced receiver are different features. The joint performance requirement of 4Rx and advanced receiver is not necessary.
· DL 4Rx and advanced receiver are both optional features. Hence, for 4Rx UE without advanced receiver, it may be difficult to pass the tests.
Proposal4: Use MMSE-IRC as reference receiver.
Simulation results
Further, figure 1~4 show the simulation results for rank1 and rank2 PDSCH with 2x2 and 2x4 antenna configurations based on the existing 2Rx test cases. 

· TM2 

Simulation parameters are based on test 1 in section 8.2.1.2.1.
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Figure 1 Throughput performance for TM2 demodulation
· TM3 rank2
Simulation parameters are based on test 1 in section 8.2.1.3.1.
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Figure 2 Throughput performance for TM3 demodulation
· TM4 rank2
Simulation parameters are based on test 1 in section 8.2.1.4.2.
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Figure 3 Throughput performance for TM4 demodulation

· TM9 rank1
Simulation parameters are based on test 3 in section 8.3.1.1.
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Figure 4 Throughput performance for TM9 demodulation
· TM9 high rank
Simulation parameters are based on test 1 in section 8.3.1.2.
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Figure 5 Throughput performance of TM9 with rank3 and rank4

From figure 1~figure 4, 4Rx shows significant performance gain compared to 2Rx for rank1 and rank2 demodulation. Figure 5 indicates that high rank demodulation for TM9 is feasible under fading channel.
Thus, we provide the following proposal:

Proposal5: Define the following test cases for DL 4Rx demodulation requirements:

· TM2: based on test 1 in section 8.2.1.2.1: 10MHz, X-pol 2x4 new medium, EVA5, 16QAM1/2
· TM3: based on test 1 in section 8.2.1.3.1: 10MHz, 2-layer, 2x4 low, EVA70, 16QAM1/2
· TM4: based on test 1 in section 8.2.1.4.2: 10MHz, 2-layer, 2x4 low, EPA5, 64QAM1/2

· TM9: based on test 3 in section 8.3.1.1: 10MHz, 1-layer, 2x4 low, EVA5, 256QAM 0.77

· TM9: based on test 1 in section 8.3.1.2: 10MHz, 3-layer, X-pol 4x4 new medium, ETU5, 16QAM1/2

· TM9: based on test 1 in section 8.3.1.2: 10MHz, 4-layer, 4x4 low, ETU5, 16QAM1/2
SDR test

Regarding sustained data rate, according to TS36.101, it is described that:  

‘The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated.’ 

‘The size of the TB per TTI corresponds to the largest possible DL-SCH transport block for each UE category using the maximum number of layers for spatial multiplexing.’ 

Due to introduction of 4Rx antennas, the maximum transmission layers of downlink PDSCH increase from 2 layers to 4 layers. Therefore, we propose to introduce 4-layer SDR test with TM9 and 4x4 antenna configurations for DL 4Rx.

Proposal6: Introduce 4-layer SDR test with TM9 and 4x4 antenna configurations for DL 4Rx.
3. Conclusion
In this contribution, we provide the simulation results and analysis for 4Rx PDSCH demodulation requirements. And the related proposals can be summarized as following:
Proposal1: Define TM2/TM3/TM4/TM9 test cases for 4Rx PDSCH demodulation.
Proposal2: Focus on 2Tx antenna for non-high rank tests and 4Tx antenna for rank3/rank4 tests.
Proposal3: Cover 256QAM modulation and extend the existing TM9 256QAM test case to 4Rx requirement.
Proposal4: Use MMSE-IRC as reference receiver.

Proposal5: Define the following test cases for DL 4Rx demodulation requirements:

· TM2: based on test 1 in section 8.2.1.2.1: 10MHz, X-pol 2x4 new medium, EVA5, 16QAM1/2

· TM3: based on test 1 in section 8.2.1.3.1: 10MHz, 2-layer, 2x4 low, EVA70, 16QAM1/2

· TM4: based on test 1 in section 8.2.1.4.2: 10MHz, 2-layer, 2x4 low, EPA5, 64QAM1/2

· TM9: based on test 3 in section 8.3.1.1: 10MHz, 1-layer, 2x4 low, EVA5, 256QAM 0.77

· TM9: based on test 1 in section 8.3.1.2: 10MHz, 3-layer, X-pol 4x4 new medium, ETU5, 16QAM1/2

· TM9: based on test 1 in section 8.3.1.2: 10MHz, 4-layer, 4x4 low, ETU5, 16QAM1/2
Proposal6: Introduce 4-layer SDR test with TM9 and 4x4 antenna configurations for DL 4Rx.
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