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1. Introduction
In RAN4 #76bis, RAN4 way forward captured discussions on the high MIMO layers.  The WF has not been approved, but the chairman note captures test agreements as 
· 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 this agreement, RAN4 needs further discussions to determine test conditions. Another discussion point is SDR tests with 4-RX AP UEs. In this contribution, we discuss 4-RX UE high layer testcase introduction and test configurations.
2. Simulation results

2.1.     3 and 4 Layer Demodulation Test

The high MIMO layer demodulation behaviors must be evaluated in both aspects of functions and performances. Also, the high data achieved by the high MIMO layers must be verified through sustained data rate (SDR) tests. 
In the last meeting, RAN4 has agreed to introduce high layer tests as the introduction section. The remained part is MCS selection and test conditions. MCS selection must be done in feasible SNR point. As studied by a few companies [2~4], the 4 MIMO layer usecases are not fully verified to help throughput performance improvement. So far, we found that in fading channels, 3 MIMO layers will be more efficiently used for robust performance improvement. Therefore, RAN4 does not need to intentionally push the SNR region to test 4 MIMO layers to see its benefits. In [2~4], comparing 3 layers, the performance benefits are realized over SNR=25dB in fading channels which the UE hardly encounters. 
We propose to select MCS with 16QAM R=0.478 (MCS14) for the 4-MIMO layer tests. For TM3 test with 3-MIMO layers, we propose 64QAM, code rate 0.455 (MCS19) which seems proper for the test. We propose to start performance study with these MCSs.
Proposal 1 : We propose to start performance study with MCSs as.

· Test 1: 3 layer, TM3, 4x4 low, EVA70, MCS19 
· Test 2: 4 layer, TM4, 4x4 low, EPA5, followed wideband PMI, MCS14 
· Test 3: 4 layer, TM9, 4x4 low, EPA5, followed wideband PMI, MCS14 
Table 1 : TM3 3 layers MCS selection for 3 MIMO layer testcase (FDD)
	Target R=
0.4551
	MCS 18
	MCS 19

	
	TBS
	Code rate
	TBS
	Code rate

	SF 1-4, 6-9
	49272
	0.4281
	55032
	0.4781

	SF 0
	49272
	0.4555
	55032
	0.5086


*N/A for SF5

With the proposals, we took the test conditions from [5]. Based on the cofiguration, we share our performance measurements from Figure 1 to Figure 3 below.

Table 2 TM3, TM4, TM9 3- and 4- MIMO layer test scenarios from [5]

	Transmission mode
	TM3
	TM4
	TM9

	Bandwidth
	10MHz

	Scheduled PRB
	50PRB

	CCH symbol
	2

	Antenna configuration
	4x4 low

	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
	[0 1 2 3 4 6 7 8 9]

	CSI feedback
	-
	PUCCH 1-1
	PUCCH 1-1

	Beamforming model
	-
	Followed wideband PMI
	Followed wideband PMI

	Layer number
	3
	4
	4

	MCS
	MCS19
	MCS14
	MCS14
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Figure 1 TM3 with 3 layers performance
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Figure 2 TM4 with 4 layers performance
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Figure 3 TM9 with 4 layers performance
2.2. SDR tests for 4-RX AP UE
RAN4 has agreed that SDR tests are required for high MIMO layer usecases. The high data rate achieved by the 4-MIMO layer must be tested. First of all, RAN4 needs to confirm test feasibility, it seems to need intensively discussion regarding MCS selection and EVM model for 4-layer SDR tests. Since the EVM model and MCS selection are tightly related, we agree to study test feasibility of the proposal below.
Proposal 2 : Study test feasibility for 4-RX AP UE SDR tests based on TM3 with 

· 64QAM with 4 layers

· 256QAM with 2 layers

· 256QAM with 4 layers

In discussing test conditions, too high code rate must be avoided due to test feasibility issues. Although there is not clear criterion to say ‘feasible or unfeasible’, we observe the legacy SDR tests are defined with code rate less than 0.91 for 64QAM SDR tests from TS36.101 Table A.3.9.1-1: Fixed Reference Channel for sustained data-rate test (FDD 64QAM). And also the legacy 256QAM SDR tests are defined with code rate less than 0.88 from Table A.3.9.1-3: Fixed Reference Channel for sustained data-rate test (FDD 256QAM). Therefore, we propose to keep the same criterion for MCS selection of 4-MIMO layer tests.
Observation 1 : We observe legacy SDR test configurations from TS36.101
· We observe the legacy 64QAM SDR tests are defined with code rate less than 0.91 in TS36.101 Table A.3.9.1-1 SDR test reference channels.
· We observe the legacy 256QAM SDR tests are defined with code rate less than 0.88 in TS36.101 Table A.3.9.1-3 SDR test reference channels.
Based on the observation, we investigate possible MCS and coderate with 4-MIMO layers as Table 3.
Table 3 : MCS selection for 4-MIMO layer SDR tests

	 
	10MHz
	15MHz
	20MHz

	 
	SF0
	SF5
	OtherSF
	SF0
	SF5
	Other SF
	SF0
	SF5
	Other SF

	Total # of RBs
	50
	50
	50
	75
	75
	75
	100
	100
	100

	Total # of REs
	8400
	8400
	8400
	12600
	12600
	12600
	16800
	16800
	16800

	Number of  REs
except RS&CCH
	6800
	6800
	6800
	10200
	10200
	10200
	13600
	13600
	13600

	PSSS, PBCH REs
	384
	144
	0
	384
	144
	0
	384
	144
	0

	Number of  
PDSCH REs 
per a layer
	6416
	6656
	6800
	9816
	10056
	10200
	13216
	13456
	13600

	Total PDSCH REs of 2-layers 
(=1-codeword)
	12832
	13312
	13600
	19632
	20112
	20400
	26432
	26912
	27200

	64QAM # bit loads
	76992
	79872
	81600
	117792
	120672
	122400
	158592
	161472
	163200

	256QAM #bit loads
	102656
	106496
	108800
	157056
	160896
	163200
	211456
	215296
	217600


Assumption: CFI = 1, 4-CRS APs,  full REs except PBCH, PSSS allocation are assigned to PDSCH.

Table 4 : Code rate calculation based on Table 3

	 
	 
	10MHz
	15MHz
	20MHz

	 
	 
	SF0
	SF5
	Other SF
	SF0
	SF5
	Other SF
	SF0
	SF5
	Other SF

	64QAM
	MCS27 TB
	63776
	63776
	63776
	93800
	93800
	93800
	128496
	128496
	128496

	
	Code rate
	0.83
	0.80
	0.78
	0.80
	0.78
	0.77
	0.81
	0.80
	0.79

	
	MCS28 TB
	75376
	75376
	75376
	110136
	110136
	110136
	149776
	149776
	149776

	
	Code rate
	0.98
	0.94
	0.92
	0.94
	0.91
	0.90
	0.94
	0.93
	0.92

	256QAM
	MCS26  TB
	84760
	84760
	84760
	128496
	128496
	128496
	169544
	169544
	169544

	
	Code rate
	0.83
	0.80
	0.78
	0.82
	0.80
	0.79
	0.80
	0.79
	0.78

	
	MCS27 TB
	97896
	97896
	97896
	149776
	149776
	149776
	195816
	195816
	195816

	
	Code rate
	0.95
	0.92
	0.90
	0.95
	0.93
	0.92
	0.93
	0.91
	0.90


Proposal 3 : Based on Observation-1, we propose MCS selection for 4-RX AP UE SDR tests as
· Select MCSs for 64QAM SDR tests with code rate less than 0.91.

· Select MCSs for 256QAM SDR tests with code rate less than 0.88.

· Therefore, EXCLUDE MCSs in red in Table 3.
In the other hand, the robust code rate is not all of feasible SDR test conditions. Since 256QAM+4-layer requires demanding high SNR ranges up to 30dB, in fact, such high SNR range is regarded almost as no noise channel conditions in practice. Therefore the performance should be captured within feasible SNR range. We think the test must be conducted round 25dB ranges. Plus, EVM level must also be given reasonably together with the SNR range.

In order to check test feasibility, we conduct preliminary SDR tests with candidate MCS and EVM levels (3% and 6%) in Figure 4 ~ Figure 6.
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TM3, CFI=1, 64QAM, 4-layers, EVM3%
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TM3, CFI=1, 64QAM, 4-layers, EVM6%


Figure 4: TM3, 64QAM, 4-layers SDR performance
In Figure 4 of 64QAM with 4-layer test, MCS28 with EVM 6% barely achieve the top data rate at SNR 24dB.
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TM3, CFI=1, 256QAM, 2-layers, EVM3%
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TM3, CFI=1, 256QAM, 2-layers, EVM6%


Figure 5: TM3, 256QAM, 2-layers SDR performance

In Figure 5 of 256QAM with 2-layer test, MCS27 with EVM 6% fails to achieve the top data rate at SNR 25dB. For this case, MCS must be compromised, or EVM must be set at 3%.
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TM3, CFI=1, 256QAM, 4-layers, EVM3%
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TM3, CFI=1, 256QAM, 4-layers, EVM6%


Figure 5: TM3, 256QAM, 4-layers SDR performance
In Figure 6 of 256QAM with 4-layer test, MCS27 with EVM 6% fails to achieve the highest data rate at SNR 25dB, and MCS27 with EVM 3% is not enough to see robust performance at 24dB.  For this case, MCS must be compromised, and EVM must be set at 3%. In conclusion, we propose SDR test configuration as below
Proposal 4  : We propose to study SDR tests with
· For 64QAM   4-layer SDR tests, introduce a SDR test with MCS27 and EVM3%

· For 256QAM 2-layer SDR tests, introduce a SDR test with MCS26 and EVM3%

· For 256QAM 4-layer SDR tests, study a SDR test feasibility with MCS26 (or MCS25) and EVM3%

3. Test applicability for SDR test

In RAN4#76bis, there was proposal on SDR test applicability rules in [5]. We also found that 4-RX SDR test applicability rules require careful reviews on the top of 2-RX legacy SDR test rules.  In Rel-13, there will be various UE strategies to achieve the maximum data rate, which will appear as combinations of { 64QAM / 256QAM + 2-layers/4-layers + CA }. In fact, RAN4 may not be able to define all of the combination data rate for SDR tests. RAN4 needs a test strategy.
When rank 4 SDR test is introduced for 64QAM and 256QAM, RAN4 also need to specify test applicability rules. For the legacy SDR test, CA configuration and bandwidth combination is selected among CA configurations with largest number of CCs. Among CA configurations with largest number of CCs, select one that supports bandwidth combination with largest aggregated bandwidth. 
The legacy SDR test rule assumes that UE supports 2-MIMO layers in all band in any CA configuration. However, with 4-layer introduction, the test configurations become more complex. RAN4 needs to consider new SDR tests with aspects of 

       Case I : Maximum data rate with CA + 2-layers 

Case II : Maximum data rate with CA + 4-layers 
Case III : Maximum data rate with CA combinations of 2-layers and 4-layers  

For the various combinations, we first propose that RAN4 first considers separate SDR tests of 2-MIMO layer tests and 4-MIMO layer tests individually (Case I, II). 
In order to support the Case I, II, we have similar views from the proposal in [5]. We further clarify the proposal as
Proposal 5 : Define the 4-RX AP UE SDR rules for 2-MIMO layers and 4-MIMO layers respectively as 

· Apply rank 2 SDR test to a CA configuration and bandwidth combination with the largest aggregated bandwidth and the largest aggregated number of CCs supporting 2 layer.
· Apply rank 4 SDR test to a CA configuration and bandwidth combination with the largest aggregated bandwidth and the largest aggregated number of CCs supporting 4 layer.
For example, let’s assume UE supports following CA configurations as (i) 5-CA, 100MHz BW, 2-layers for 1Gbps and (ii) 2-CA, 40MHz BW, 4-layers for 800Mbps as highlighted as below. (of course, the UE may also support combination of  CCs with 2- and 4-layers.)
	
	2-CA
	3-CA
	4-CA
	5-CA

	2-layers /  64QAM
	300Mbps
	450Mbps
	600Mbps
	750Mbps

	2-layers / 256QAM
	400Mbps
	600Mbps
	800Mpbs
	1Gbps

	4-layers /  64QAM
	600Mbps
	900Mbps
	1.2Gbps
	1.5Gbps

	4-layers / 256QAM
	800Mbps
	1.2Gbps
	1.6Gbps
	2Gbps


Then, two SDR tests are applied as 2-layer maximum data rate and 4-layer maximum data rate individually. Also in another example of the 4-layers tests, these two cases must be distinguished.
(i) 20MHz+20MHz =  40 MHz with 4-layers

(ii) 20MHz+10MHz+10MHz = 40 MHz with 4- layers

Although an UE supports the case-(i) with the same maximum aggregated bandwidth, the UE is NOT assumed to support case-(ii) automatically. The reason is that we don’t apply 3-CA tests to a 2-CA capable UE in the legacy SDR test rule. The same rule should be applied to 4-layer test in this example. The max aggregated number of CC must be specifically considered to select applicable SDR tests for 4-layers.

Proposal 6 : The max aggregated number of CC must be declared together with the max aggregated bandwidth in selecting applicable SDR tests for 4-layers.

Then, Case III may need to be considered further. It is possible that the maximum data rate supported by a 4-RX UE may be found from the 2- and 4-layer combined CA usecases. For example, let’s assume that an UE vender wants to support {2CC+4layer+256QAM} + {1CC+2layer+256QAM} = 3CA, 1Gbps. Then RAN4 may have to support the case with max 1Gbps support. However, it is questionable if RAN4 tests must be defined for all possible combinations. We think that RAN4 can work on specific combinations up to a company’s request. We are open to discuss the wanted CA combinations.
4. Conclusions

In this contribution, we provided simulation results for 3/4 layer PDSCH demodulation test. Our proposals are 
Proposal 1 [Performance test] : We propose to start performance study with MCSs as.

· Test 1: 3 layer, TM3, 4x4 low, EVA70, MCS19 

· Test 2: 4 layer, TM4, 4x4 low, EPA5, followed wideband PMI, MCS14 
· Test 3: 4 layer, TM9, 4x4 low, EPA5, followed wideband PMI, MCS14 
Proposal 2 [SDR test] : Study test feasibility for 4-RX AP UE SDR tests based on TM3 with 

· 64QAM with 4 layers

· 256QAM with 2 layers

· 256QAM with 4 layers

Observation 1 [SDR test] : We observe legacy SDR test configurations from TS36.101
· We observe the legacy 64QAM SDR tests are defined with code rate less than 0.91 in TS36.101 Table A.3.9.1-1 SDR test reference channels.

· We observe the legacy 256QAM SDR tests are defined with code rate less than 0.88 in TS36.101 Table A.3.9.1-3 SDR test reference channels.

Proposal 3 [SDR test] : Based on Observation-1, we propose MCS selection for 4-RX AP UE SDR tests as

· Select MCSs for 64QAM SDR tests with code rate less than 0.91.

· Select MCSs for 256QAM SDR tests with code rate less than 0.88.

· Therefore, exclude MCSs in red in Table 3.

Proposal 4  [SDR test] : We propose to study SDR tests with
· For 64QAM   4-layer SDR tests, introduce a SDR test with MCS27 and EVM3%

· For 256QAM 2-layer SDR tests, introduce a SDR test with MCS26 and EVM3%

· For 256QAM 4-layer SDR tests, study a SDR test feasibility with MCS26 (or MCS25) and EVM3%

Proposal 5 [SDR test] : Define the 4-RX AP UE SDR rules for 2-MIMO layers and 4-MIMO layers respectively as 

· Apply rank 2 SDR test to a CA configuration and bandwidth combination with the largest aggregated bandwidth and the largest aggregated number of CCs supporting 2 layer.
· Apply rank 4 SDR test to a CA configuration and bandwidth combination with the largest aggregated bandwidth and the largest aggregated number of CCs supporting 4 layer.

Proposal 6 [SDR test] : The max aggregated number of CC must be declared together with the max aggregated bandwidth in selecting applicable SDR tests for 4-layers.
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