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1
Introduction 
In this paper, we provide the simulation results and discussions on 4RX PDSCH demodulation tests and SDR tests.
2
Layer 1 and 2 PDSCH demodulation tests
In the last RAN4 meeting, tests for layer 1 and 2 PDSCH demodulation were agreed [1], as captured in Table 1. 
Table 1 Test setups 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 ULA
	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)


The test for 256QAM demodulation was discussed in the RAN4 Email reflector. Test 3 is expected to be extended to 256QAM, and a proposal of the FRC channel setup was also shared during the discussion. Table 2 lists the setups for Test 3a. As mentioned by our previous paper [2]
Table 2 Test setups for 256QAM PDSCH demodulation tests
	Test #
	TM
	Based on
	Receiver
	Antenna configs
	# of Layers
	Prop. Channel
	MIMO correlation
	# of interference cells
	modulation

	3a
	TM4
	FDD: 8.2.1.4.3 Test 1

TDD: 8.2.2.4.3 Test 1
	MMSE
	4x4
	2
	EPA5
	low
	N/A
	256QAM


Proposal 1: Introduce 256QAM test (Test 3a) by extending the 2-layer TM4 4RX test (Test 3).
The simulation results of all above tests are provided in the Appendix.

One issue left is about the test applicability of 256QAM tests. In our view, a 4RX UE which does not support 256QAM will be verified by Test 3 and does not need to be tested by legacy tests (8.2.1.4.3 Test 1 and 8.2.2.4.3 Test 1) of which the requirements were specified with 2RX. 
For a 4RX UE which supports 256QAM, it will be verified through Test 3a. Then the remaining issue is that whether it still needs to be tested by Test 3 and the legacy 2RX tests. From UE implementation aspect, a UE that can support 256QAM will have no problem to support other modulations (QPSK, 16QAM and 64QAM), because the implementation complexity is already dominated by 256QAM. Therefore, passing Test 3a guarantees passing Test 3 and further implies that this UE also need not to be verified by the corresponding legacy tests.
Proposal 2: The 4RX UE that supports 256QAM only needs to be verified by Test 3a and does not need to be verified by Test 3 and the corresponding 2RX legacy tests.
3
Layer 3 and 4 PDSCH demodulation tests 
In the online session, agreement was achieved in the last meeting for layer 3 and 4 PDSCH demodulation tests, as captured below.
	· Test 1: 3layer, TM3, 4x4 low, EVA70
· Test 2: 4 layer, TM4,4x4 low, EPA5, followed wideband PMI
· To ensure the feasible SNR test point
· Test 3: 4 layer, TM9,4x4 low, EPA5, followed wideband PMI
· To ensure the feasible SNR test point


Based on the agreement, we conduct the simulation with CFI = 1 and 2 to see if reducing the size of control region is required to guarantee feasible SNR test point. Also, for TM3 and TM4 test cases, we tried both MCS#14 and MCS#18 in our simulation, while only MCS#14 is adopted in the TM9 case. The simulation results are provided in Appendix. According to the simulation results, all settings are feasible. So we have no strong view on the CFI and MCS selection.
4
SDR tests 
One different of the 4-layer SDR tests to the legacy 2-layer SDR tests is the additional overhead due to CRS ports 2 and 3. These overheads, together with PBCH, PSS and SSS, may make the effective coderate of highest MCS larger than 0.93. In the following, we first analyze the effective code rate in this SDR test. Table 3 provides the channel bits that used in different cases (without considering SIBs). Table 4 shows the transport block size of different cases, and Table 5 gives the effective coderate of individual cases. 
Table 3 Channel bits in 4-layer SDR tests
	FDD
	BW

(MHz)
	SF index
	Total RE
	Other PHY channels
	RE of other PHY channels
	Available RE for PDSCH
	Channel bits

	
	
	
	
	
	
	
	64QAM
	256QAM

	
	10
	0
	6800
	PBCH, PSS, SSS
	384
	6416
	38496
	51328

	
	
	5
	
	PSS, SSS
	144
	6656
	39936
	53248

	
	
	other
	
	N/A
	0
	6800
	40800
	54400

	
	15
	0
	10200
	PBCH, PSS, SSS
	384
	9816
	58896
	78528

	
	
	5
	
	PSS, SSS
	144
	10056
	60336
	80448

	
	
	other
	
	N/A
	0
	10200
	61200
	81600

	
	20
	0
	13600
	PBCH, PSS, SSS
	384
	13216
	79296
	105728

	
	
	5
	
	PSS, SSS
	144
	13456
	80736
	107648

	
	
	other
	
	N/A
	0
	13600
	81600
	108800

	TDD
	BW
	SF index
	Total RE
	Other PHY channels
	RE of other PHY channels
	Available RE for PDSCH
	Channel bits

	
	
	
	
	
	
	
	64QAM
	256QAM

	
	10
	0
	6800
	PBCH, SSS
	312
	6488
	38928
	51904

	
	
	5
	
	SSS
	72
	6728
	40368
	53824

	
	
	other
	
	N/A
	0
	6800
	40800
	54400

	
	15
	0
	10200
	PBCH, SSS
	312
	9888
	59328
	79104

	
	
	5
	
	SSS
	72
	10128
	60768
	81024

	
	
	other
	
	N/A
	0
	10200
	61200
	81600

	
	20
	0
	13600
	PBCH, SSS
	312
	13288
	79728
	106304

	
	
	5
	
	SSS
	72
	13528
	81168
	108224

	
	
	other
	
	N/A
	0
	13600
	81600
	108800


* 240 REs are occupied by PBCH, 72 REs are occupied by PSS, and 72 REs are occupied by SSS.

** Assumed that special subframes are not used in TDD.

Table 4 Transport block size of different cases (1 codeword to 2 layers )
	
	10M
	15M
	20M

	modulation
	Non-256QAM
	256QAM
	Non-256QAM
	256QAM
	Non-256QAM
	256QAM

	 Highest MCS index 
	28
	27
	28
	27
	28
	27

	TBS index
	26
	33
	26
	33
	26
	33

	TB size (bits)
	73712
	97896
	110136
	149776
	149776
	195816

	plus 24 CRC bits
	73736
	97920
	110160
	149800
	149800
	195840


Table 5 Effective coderates

	
	SF index
	10M
	15M
	20M

	
	
	Non-256QAM
	256QAM
	Non-256QAM
	256QAM
	Non-256QAM
	256QAM

	FDD
	0
	0.958
	0.954
	0.935
	0.954
	0.945
	0.926

	
	5
	0.923
	0.919
	0.913
	0.931
	0.928
	0.910

	
	Others
	0.904
	0.9
	0.9
	0.918
	0.918
	0.9

	TDD
	0
	0.947
	0.943
	0.928
	0.947
	0.939
	0.921

	
	5
	0.913
	0.91
	0.906
	0.924
	0.923
	0.905

	
	Others
	0.904
	0.9
	0.9
	0.918
	0.918
	0.9


It can be seen that SF#0 will have coderate larger than 0.93 in 8 cases, if the highest MCS is used. So we suggest MCS#27 for non-256QAM and MCS#26 for 256QAM in SF#0 in both FDD and TDD. 
Regarding SF#5, one case (15MHz, 256QAM, FDD) will have coderate larger than 0.93. So it is better to use MCS#26 in this case. For consistency, we suggest that MCS#26 is used in SF#5 for all 256QAM FDD cases.

In summary, our suggestion for the SDR test configuration is that 
1) In subframe #0, use MCS#27 for non-256QAM and MCS#26 for 256QAM.
2) In subframe #5, use MCS#26 for 256QAM in FDD cases.

3) Otherwise, use MCS#28 for non-256QAM and MCS#27 for 256QAM

Proposal 3: Adopt the following MCS setup for SDR test: 
1) In subframe #0, use MCS#27 for non-256QAM and MCS#26 for 256QAM. 
2) In subframe #5 and FDD, use MCS#26 for 256QAM. 
3) Otherwise, use MCS#28 for non-256QAM and MCS#27 for 256QAM. 
Simulation results for 256QAM are provided in the appendix.
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 proposals:
Proposal 1: Introduce 256QAM test (Test 3a) by extending the 2-layer TM4 4RX test (Test 3).

Proposal 2: The 4RX UE that supports 256QAM only needs to be verified by Test 3a and does not need to be verified by Test 3 and the corresponding 2RX legacy tests.
Proposal 3: Adopt the following MCS setup for SDR test:

1) In subframe #0, use MCS#27 for non-256QAM and MCS#26 for 256QAM.

2) In subframe #5 and FDD, use MCS#26 for 256QAM. 
3) Otherwise, use MCS#28 for non-256QAM and MCS#27 for 256QAM
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	Layer 1 and 2 PDSCH demodulation tests
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	Test 2
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	Test 3
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	Test 3a (256QAM)
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	Test 4
[image: image5.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR(dB)

Ratio to max Tput (%)

TM6, IRC, 4x4, EVA5, ULA-low

 

 

FDD

TDD


	Test 5
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	Test 6

[image: image7.emf]0 2 4 6 8 10 12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR(dB)

Ratio to max Tput (%)

TM9, 2-lauer, 2x4, ETU5, ULA-low

 

 

FDD

TDD


	


	Layer 3 and 4 PDSCH demodulation tests

	TM3, FDD
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	TM4, FDD
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	TM9, FDD
[image: image12.emf]5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR(dB)

Throughput(Mbps)

FDD, TM9, 10MHz, Rank-4

 

 

mcs#14, CCH-1

mcs#14, CCH-2

70% max Tput


	TM9, TDD
[image: image13.emf]5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR(dB)

Throughput(Mbps)

TDD, TM9, 10MHz, Rank-4

 

 

mcs#14, CCH-1

mcs#14, CCH-2

70% max Tput




	SDR tests

	FDD, 256QAM
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