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1. Introduction

In RAN4#76 meeting, PDSCH demodulation requirements for DL 4Rx were further discussed. For rank3 and rank4 tests, the relevant way forward [2] was agreed. And for rank1 and rank2 tests, the initial test cases were provided via e-mail discussion. In this contribution, we further provide our considerations and proposals for DL 4Rx PDSCH demodulation requirements.
2. Discussion
2.1 Rank1/2 test
In previous meetings, new medium channels for ULA and X-pol were defined to obtain more reasonable correlation. New medium configuration will be used in DL 4Rx demodulation tests, so ULA new medium or X-pol new medium need to be further decided. From aspect of practical application, due to the size limitation of UE, DL 4Rx antennas will be set to cross-polarization arrangement in most cases. Hence, X-pol configuration can be more suitable for DL 4Rx tests. Further, we simulate the demodulation performance under these two antenna configurations with new medium and simulation results are shown in figure 1. From the simulation results, demodulation performance with X-pol configuration is better than ULA because X-pol new medium has lower antenna correlation. 

Proposal1: Use X-pol configuration for new medium correlation for DL 4Rx demodulation requirements.
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Figure 1 Demodulation performance under new medium correlation for TM2 and TM9
Regarding rank1 and rank2 test cases, the initial conclusion was provided by companies through email discussion. And these test cases are given in the following table:

Table1 Initial test cases for 4Rx PDSCH rank1 and rank2 demodulation

	Test cases
	Antenna configuration and correlation
	Propagation channel
	Interference cells
	Based on

	TM2 
	2x4 New medium
	EVA5
	N/A
	8.2.1.2.1 Test1

	TM3 2 layers
	2x4 Low
	EVA70
	N/A
	8.2.1.3.1 Test1

	TM4 2 layers
	4x4 Low
	EPA5
	N/A
	8.2.1.4.3 Test1

	TM6 1 layers
	2x4 Low
	EVA5
	1 (DIP = -1.73dB)
	8.2.1.4.1B

	TM9 1 layers
	2x4 Low
	EVA5
	1 (DIP = -1.73dB)
	8.3.1.1A

	TM9 2 layers
	2x4 Low
	ETU5
	1 (ZP CSI-RS) 
	8.3.1.2

	256QAM
	TBD
	TBD
	TBD
	TBD


Based on table1, we provide the simulation results for PDSCH demodulation with 2Rx and 4Rx antennas in figure 2. From the results, 4Rx antennas show obvious performance gain compared to 2Rx. 
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 (a) TM2                                         (b) TM3 2 layers
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(c) TM4 2 layers                                     (d) TM6 1 layer
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(c) TM9 1 layer                                     (d) TM9 2 layers

Figure 2 Throughput performance for PDSCH demodulation
2.2 Rank3/4 test

According to the way forward [2], the remaining issues on rank3 and rank4 tests under fading channel can be summarized as below:

· Transmission mode: 

· Option1: TM3, TM4, TM9

· Option2: TM4, TM9

· Layer number: 

· Option1: 3 layers
· Option2: 4 layers
· Antenna configuration and correlation: 

· Option1: 4x4 XP new medium for 3 layers, 4x4 low for 4 layers
· Option2: 4x4 low for both 3 and 4 layers
· MCS order: 

· Option1: MCS14 for TM4, 256QAM for TM9
· Option2: MCS14 for both TM4 and TM9

For transmission mode, in our view, TM4 and TM9 can be selected for high rank demodulation under fading channel because TM3 with high rank can be verified under static channel in SDR test. Thus, we propose to not introduce TM3 test cases for high rank demodulation requirements under fading channel 

Proposal2: Define TM4 and TM9 test cases for high rank demodulation under fading channel.
For layer number, antenna configuration and MCS order, these issues need to be investigated through simulation. Figure 3 and figure 4 show the throughput performance of high rank demodulation for TM4 and TM9.
[image: image9.emf]2 4 6 8 10 12 14 16 18 20 22 24 26 28

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR

Normalized Throughput

TM4, 4x4, Low / XP New medium, EPA5, MCS14

 

 

Rank3 Low

Rank3 Medium

Rank4 Low


Figure 3 Demodulation performance for TM4 with rank3 and rank4
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Figure 4 Demodulation performance for TM4 with rank3 and rank4

Based on our simulation results, from aspect of test coverage, the following test cases are proposed: 

· 4 CRS ports based demodulation and PMI reporting

· TM4, 3 layers, 4x4 XP new medium, MCS14
· 4 DMRS ports based demodulation and 4 CSI-RS based PMI reporting 

· TM9, 4 layers, 4x4 low, MCS14

· 3 DMRS ports based demodulation, 4 CSI-RS based PMI reporting and 256QAM modulation

· TM9, 3 layers, 4x4 low, 256QAM MCS20, CFI =1

Proposal3: Define the following test cases for high rank demodulation:

· TM4, 3 layers, 4x4 XP new medium, MCS14

· TM9, 4 layers, 4x4 low, MCS14

· TM9, 3 layers, 4x4 low, 256QAM MCS20, CFI =1

2.3 SDR test

In last meeting, SDR test requirements with 4 layers were agreed for DL 4Rx demodulation requirements. And some initial test parameters are drafted in the way forward [2]. 
In aspect of transmission mode, TM3 and TM4 can be used for DL 4Rx SDR test. But under static channel, demodulation performance of TM3 and TM4 is equivalent. In specifications, the existing SDR tests are all based on TM3. In addition, TM4 demodulation with high rank is verified in fading channel test. So it is not necessary to introduce TM4 test cases.    
Proposal4: TM3 should be used for 4Rx SDR tests.
In aspect of MCS order, SDR test requirements will cover 64QAM and 256QAM modulation modes since these two modulation orders can generate different sustained data rates. But the specific MCS order is not decided. It is known that 4Tx antennas and 4Rx antennas can improve the performance of UE demodulation. However, compared with 2 layers transmission, the data power per layer of 4 layers transmission has been halved. Moreover, the payload of CRS of port 2 and port 3 directly increases the code rate of PDSCH data. Thus, these two points of difference will make 4 layers PDSCH demodulation more difficult. Therefore, the selection of MCS order needs to be further studied. 
Figure 5 and table 2 respectively show the throughput performance and the SNR at tentative verification points. From these simulation results, it can be observed that, for 64QAM MCS28 and 256QAM MCS22~25, the SNR at tentative verification points is too high or the TB success rate cannot reach requirements. So we propose to use MCS27 for 64QAM and MCS21 for 256QAM for 4 layers SDR test for TM3.

Proposal5: Use MCS27 for 64QAM and MCS21 for 256QAM for 4 layers SDR test.
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Figure 5 Normalized throughput for SDR test with 4 layers
Table 2 SNR at tentative verification points
	Bandwidth

(MHz)
	TB success rate
	SNR (dB)

	
	
	64QAM
	256QAM

	
	
	MCS28
	MCS27
	MCS23
	MCS22
	MCS21

	10
	85%
	-
	23.4
	29.2
	27.3
	25.3

	20
	85%
	29.4
	23.1
	27.4
	25.9
	25

	10
	70%
	-
	22.8
	28.4
	26.7
	24.8

	20
	70%
	28.6
	22.2
	26.8
	25.2
	24


3. Conclusion
In this contribution, we provide the simulation results and analysis for 4Rx PDSCH demodulation requirements. And according to these analyses, we provide our proposals as following:
Proposal1: Use X-pol configuration for new medium correlation for DL 4Rx demodulation requirements.
Proposal2: Define TM4 and TM9 test cases for high rank demodulation under fading channel.

Proposal3: Define the following test cases for high rank demodulation:

· TM4, 3 layers, 4x4 XP new medium, MCS14

· TM9, 4 layers, 4x4 low, MCS14

· TM9, 3 layers, 4x4 low, 256QAM MCS20, CFI =1

Proposal4: TM3 should be used for 4Rx SDR tests.
Proposal5: Use MCS27 for 64QAM and MCS21 for 256QAM for 4 layers SDR test.
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