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1
Introduction 
In this paper, we provide the simulation results and discussions on 4RX PDSCH demodulation tests.
2
Layer 1 and 2 PDSCH demodulation tests
It was agreed in the last RAN4 meeting to continue discussing the simulation assumptions based on [1] in RAN4 Email reflector. The status of the Email discussions is summarized in Table 1. 
Table 1 Simulation assumptions for layer 1 and 2 PDSCH demodulation tests (FDD)
	TM
	Based on
	Receiver
	Antenna configs
	# of Layers
	Prop. Channel
	# of interference cells

	TM2
	8.2.1.2.1 Test 1
	MMSE
	2x4
	
	EVA5
	N/A

	TM2
	8.2.1.2.4
	MMSE-IRC
	2x4
	
	EVA70
	1

	TM3
	8.2.1.3.1 Test 1
	MMSE
	2x4
	2
	EVA70
	N/A

	TM4
	8.2.1.4.3 Test 1
	MMSE
	4x4
	2
	EPA5
	N/A

	TM6
	8.2.1.4.1B
	MMSE–IRC
	2x4
	1
	EVA5
	1 

	TM9
	8.3.1.1A
	MMSE–IRC
	2x4/(4x4)
	1
	EVA5
	1 

	TM9
	8.3.1.2
	MMSE
	2x4/(4x4)
	2
	ETU5
	1 (only CRS)

	
	256QAM
	
	
	
	
	


In the end of discussion, there are some issues remaining open without consensus. In the following, we talk about these open issues:
MIMO correlation: It was discussed intensively in the Email reflector that which MIMO channel correlation should be used in the tests. In our opinion, the more important thing is on the test applicability. It should be avoided that the 4RX UE needs to pass both new 4RX test and the corresponding legacy 2RX test. In this sense, it is better to follow the settings as many as possible from the legacy 2RX tests. Therefore, we prefer to use the low correlation in all these tests, except test 1 which uses medium correlation in the legacy test. For test 1, we are fine to use the new medium correlation which is expected to be determined in this meeting, since companies thought the medium correlation defined in current 36.1010 is not feasible for 4RX UEs.

TX antenna number: We also prefer to follow the legacy settings as many as possible. It is better to use the low correlation in all these tests, except Test 5. Test 5 will encounter the issue of fader number, if the number of TX antennas remains 4. We will talk about this later.
IRC test for TM2: We think that the TM2 IRC test is not necessary, if we already have the TM4 IRC test. The main difference between MRC and IRC in UE processing is that the noise spatial correlation matrix (SCM) is also one of the inputs to the IRC demapper. Since the 4RX noise SCM is different from 2RX one, it is justified to have a 4RX IRC test. However, both TM2 and TM4 rely on CRS-based noise estimation for obtaining the SCM. It becomes a redundant to introduce an additional TM2 IRC test for 4RX. Another argument is that the TM2 test is asynchronous but TM4 and TM6 tests are synchronous. However, we think that the synchronization does not bring any particular issue when extending 2RX to 4RX. Thus it can still be verified via legacy 2RX tests. 
Number of faders: The number of fader is another issue raised during Email discussion. With 4RX in the receiver side, it is expected that the number of faders will increase, compared to the corresponding 2RX tests. Since the number of fader may increase the testing cost, it is desired to figure out any possible changes that help to reduce the number of faders. Therefore, in Test 4 we suggest reducing the number of interfering cells to 1. In Test 6, we suggest using 2 TX antennas. In this way, the max number of faders is still 16.
256QAM: We think that 256QAM does not need to be considered in layer 1 and 2 tests. In UE’s demodulation, the 256QAM related operations happen after MMSE demapping of the MIMO channel. After MMSE demapping, UE only sees the layers that carry the modulation symbols, but not the RX antennas. This means that 2RX and 4RX makes no difference for 256QAM related operation. On the other hand, testing 256QAM in layer 1 or 2 does not show benefit of increased throughput due to 4RX. Therefore, it will be more proper to consider 256QAM in SDR tests with 4 layer PDSCH transmissions. 
In Table 2, we summarize our preferred test configurations for both FDD and TDD test cases. The FDD simulation results of above tests are provided in the appendix.

Table 2 Suggested simulation assumptions for layer 1 and 2 PDSCH demodulation tests
	Test #
	TM
	Based on
	Receiver
	Antenna configs
	# of Layers
	Prop. Channel
	MIMO correlation
	# of interference cells

	1
	TM2
	FDD: 8.2.1.2.1 Test 1

TDD: 8.2.2.2.1 Test 1
	MMSE
	2x4
	
	EVA5
	new medium
	N/A

	2
	TM3
	FDD: 8.2.1.3.1 Test 1
TDD: 8.2.2.3.1 Test 1
	MMSE
	2x4
	2
	EVA70
	low
	N/A

	3
	TM4
	FDD: 8.2.1.4.3 Test 1
TDD: 8.2.2.4.3 Test 1
	MMSE
	4x4
	2
	EPA5
	low
	N/A

	4
	TM6
	FDD: 8.2.1.4.1B
TDD: 8.2.2.4.1B
	MMSE–IRC
	2x4
	1
	EVA5
	low
	1

	5
	TM9
	FDD: 8.3.1.1A
TDD: 8.3.2.1B
	MMSE–IRC
	2x4
	1
	EVA5
	low
	1

	6
	TM9
	FDD: 8.3.1.2
TDD: 8.3.2.3
	MMSE
	2x4
	2
	ETU5
	low
	1 (only CRS)


Propose 1: Consider the test configurations for layer 1 and 2 PDSCH demodulation tests in Table 2.


3
Layer 3 and 4 PDSCH demodulation tests 
One WF [2] was agreed in the last meeting for layer 3 and 4 PDSCH demodulation tests. The simulation assumptions are captured in Table 3.
Table 3 Simulation assumptions for layer 3 and 4 PDSCH demodulation

	Transmission mode
	TM3
	TM4
	TM9

	Bandwidth
	10MHz

	Scheduled PRB
	50PRB

	CCH symbol
	1 or 2

	Antenna configuration
	Option 1: 4x4 low

Option 2: 4x4, New medium cross-polarized for 3 layer

	Propagation channel
	EVA70
	EPA5
	EPA5

	CRS configuration
	Port 0,1,2,3
	Port 0,1,2,3
	Port 0,1

	DMRS configuration
	-
	-
	Port 7,8,9,10

	CSI-RS configuration
	-
	-
	Port 15,16,17,18

	scheduled subframe
	[1 2 3 4 6 7 8 9]

	CSI feedback
	-
	PUCCH 1-1
	PUCCH 1-1

	Beamforming model
	-
	Followed WB PMI
	Followed WB PMI

	Layer number
	Option 1: Layer 3; Option 2: Layer 4

	MCS
	Option 1: [MCS14]; Option 2: 256QAM for TM9; Option3: others


Based on the agreement, we conducted the simulation. The results are provided in Appendix. We have the following comments: 
a) Use 1 OFDM symbol for PDCCH region in order to reduce the coderate and lower the SNR requirement. Also, since the target SNR is generally high, DCI with aggregation level 4 can be used to avoid the outage of available CCEs, when RAN5 designs the detail test procedure.
b) For the MIMO correlation, we slightly prefer to use ULA-low. It is also fine to use new medium Xpol for 3 layers because the required SNR is still not too high.
c) It is fine to use MCS14. On the other hand, 256QAM can be considered in SDR tests.

d) Propose to consider the following 3 tests
1) TM3, 3 layers

2) TM4, 4 layers: This test can also be used to cover the rank-4 PMI test

3) TM9, 3 layers: This test can also be used to cover the rank-3 PMI test. Besides, TM9 has additional 24 RE overhead for DMRS, leading to an increase of the coderate. So it will be more feasible to consider just rank-3.

Proposal 2: Use 1 OFDM symbol for PDCCH region.

Proposal 3: Consider the following 3 tests



1) TM3, 3 layers



2) TM4, 4 layers


3) TM9, 3 layers

4
SDR tests 
The WF [2] also capture the agreement on SDR test with the simulation assumption captured in Table 4.
Table 4 Simulation assumptions for SDR tests 
	Transmission mode
	TM3/TM4

	Bandwidth
	10MHz/20MHz

	Scheduled PRB
	50PRB/100PRB

	CCH symbol
	1

	Antenna configuration
	4x4

	Propagation channel
	AWGN*

	CRS configuration
	Port 0,1,2,3

	scheduled subframe
	[1 2 3 4 6 7 8 9]

	Layer number
	4 layers

	Modulation order
	64QAM/256QAM

	Coding rate
	TBD


Based on Table 3, we conducted simulations and the results are provided in the appendix. Note that the static channel used in the simulation is from [3], which was agreed in the last meeting. One observation based on this static channel is that it creates 4 parallel channels for 4 transmitted layers with an MMSE demapper if PMI#12-15 is used. According to the simulation results, 85% throughput is achievable at SNR < 21 dB for 64QAM and SNR < 27 dB for 256QAM. In TM4, we used PMI#15, and the results are almost the same as those in TM3. So we suggest keeping using TM3 in SDR test.
Observations 1: 85% throughput is achievable at SNR < 21 dB for 64QAM and SNR < 27 dB for 256QAM 4-layer SDR test. 
Proposal 4: Consider 256QAM with 4 layers in SDR test.

Proposal 5: Remain using TM3 in SDR test.

3
Summary 
In this contribution, we provide the discussion and simulation results for layer 1 to 4 PDSCH demodulation tests and SDR tests. We have the following observations and proposals:
Observations 1: 85% throughput is achievable at SNR < 21 dB for 64QAM and SNR < 27 dB for 256QAM 4-layer SDR test. 

Propose 1: Consider the test configurations in Table 2.

Proposal 2: Use 1 OFDM symbol for PDCCH region.
Proposal 3: Consider the following 3 tests



1) TM3, 3 layers



2) TM4, 4 layers


3) TM9, 3 layers

Proposal 4: Consider 256QAM with 4 layer in SDR test.

Proposal 5: Remain using TM3 in SDR test.

4
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	Layer 1 and 2 PDSCH demodulation tests

	Test 1
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	Test 2
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	Test 3
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	Test 4 (2 cells)
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	Test 4 (3 cells)
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	Test 5
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	Test 6
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	Layer 3 and 4 PDSCH demodulation tests

	TM3, rank-3, MCS#14
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	TM3, rank-4, MCS#14
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	TM4, rank-3, MCS#14
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	TM4, rank-4, MCS#14
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	TM9, rank-3, MCS#14
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	TM9, rank-4, MCS#14
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	SDR tests

	TM3, 64QAM
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	TM3, 256QAM
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	TM4, 64QAM
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	TM4, 256QAM
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