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1. Introduction
In RAN4 #76bis, RAN4 had further discussion on 3/4 layer PDSCH demodulation test in fading channel and agreed on following. 

· The demodulation tests with 3-MIMO layer and 4-MIMO layers are conducted in 4-RX bands where the UE indicates up to 4-MIMO layer supports through the UE capability report of supportedMIMO-CapabilityDL
· Test cases for PDSCH demodulation test in fading channel 
· TM3 3 layer, 4x4, EVA70 low correlation channel
· TM4 4 layer, 4x4, EPA5 low correlation channel, follow wideband PMI
· TM9 4 layer, 4x4, EPA5 low correlation channel, follow wideband PMI
Also, there was also brief discussion on 4 layer SDR test but no agreement was made. 

In this contribution, we provide simulation results to select MCS for agreed tests for 3/4 layer PDSCH demodulation test and our view on SDR test. 
2. Fading channel test
Simulation was run for agreed 3/4 layer PDSCH demodulation test based on simulation assumption in [1. Following down selection was made to reduce number of test cases to run the simulation. 
· CFI is fixed to 2 since CFI will only affect code rate. Code rate can be adjusted as needed by changing MCS. 

· MCS 10, 14 and 18 are evaluated to assess the operating range of 3/4 layer PDSCH. 
Figure 1 shows simulation results for rank 3/4 PDSCH demodulation test in fading channel. Based on the observations, we would like to propose following MCS selection. 

Proposal 1. For fading channel test, consider following MCS selection.

· TM3 rank 3 test with MCS 18

· TM4 rank 4 test with MCS 14

· TM9 rank 4 test with MCS 14
Table 1. Simulation assumption for fading channel test

	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
	[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
	10, 14, 18
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(a) TM3
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(b) TM4
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(c) TM9

Figure 1. Rank 3/4 PDSCH demodulation performance in fading channel
3. 4 layer SDR test

According to the online/offline discussion in RAN4 #76bis, following consensus can be identified for 4 layer SDR test. 

· 4 layer SDR test can be defined in 4x4 static channel using TM3. 

· 4 layer SDR test can be defined at least for 64QAM. 4 layer SDR test for 256QAM is FFS

Remaining issues for 4 layer SDR tests are
· Tx EVM assumption for 4 layer SDR test

· Whether to define 4 layer SDR test for 256QAM

· FRC selection for 4 layer SDR test

· Applicability rule for CA UE

3.1. Tx EVM

When RAN4 introduces requirements for 256QAM in Rel-12, Tx EVM requirement for BS transmitter was tightened from 8% to 3.5% to guarantee sufficient system capacity gain from deployment of 256QAM. In performance requirement simulations for 256QAM, RAN4 assumed 3% Tx EVM. Since demodulation of 4 layer PDSCH requires higher SNR compared to 2 layer PDSCH, RAN4 should consider similar tightening of BS Tx EVM requirement. In [1], we are proposing to tighten BS Tx EVM requirement to 3.5% for 4 layer BS with 64QAM and to 2.5% for 4 layer BS with 256QAM. Tx EVM assumption for 4 layer SDR test should be based on RAN4 decision on Tx EVM for BS supporting 4 layer transmission. 
Proposal 2. Tx EVM assumption for 4 layer SDR test should be based on RAN4 decision on Tx EVM for BS supporting 4 layer transmission. For initial evaluation, RAN4 can assume 3% Tx EVM for 4 layer with 64QAM and 2% EVM for 4 layer with 256QAM. 
3.2. 4 layer SDR test for 256QAM
3GPP defined separate capability signaling for 4 layer and 256QAM. From antenna/RF/baseband HW capability point of view, we might be able to assume UE can support 4 layer with 256QAM if UE declares 4 layer support and 256QAM support in the capability signaling. However 4 layer MIMO with 256QAM requires significantly higher performance both in RF receiver and baseband hardware to be able to achieve actual system capacity gain. RAN4 can consider following options to deal with performance requirement for 4 layer MIMO with 256QAM. 
· Option 1: Define separate 256QAM capability for 4 layer MIMO with the understanding that existing 256QAM capability is applicable up to 2 layer MIMO. Introduce 4 layer MIMO performance requirement with 256QAM that is applicable to UEs that support 256QAM for 4 layer MIMO. 
· Option 2: Reuse existing 256QAM capability also for 4 layer MIMO and introduce 4 layer MIMO performance requirement with 256QAM. UE that supports 4 layer MIMO and 256QAM should fulfill performance requirement for 4 layer MIMO with 256QAM. 
· Option 3: Reuse existing 256QAM capability for 4 layer MIMO without introducing 4 layer MIMO performance requirement for 256QAM. 

Our preference is option 1 since it allows flexible capability signaling and also guarantee proper performance 4 layer MIMO with 256QAM. 
Proposal 3. Define separate 256QAM capability for 4 layer MIMO with the understanding that existing 256QAM capability is applicable up to 2 layer MIMO. Introduce 4 layer MIMO performance requirement with 256QAM that is applicable to UEs that support 256QAM for 4 layer MIMO.

3.3. FRC selection
For SDR test, we need to determine MCS to be used in each subframe. Table 2 and 3 summarize candidate MCS and corresponding code rates for 64QAM and 256QAM for 20MHz system bandwidth. It was assumed that 96 PRBs are allocated in SF 5 and 100 PRBs are allocated in all other SFs. Note that, for MCS 28 for 64QAM or MCS 27 for 256QAM, code rate is so close to or larger than 0.93. Note that code rate is higher than rank 2 case for the same TBS since there are additional CRS overhead to support 4 layer transmission. 
Figure 2 shows simulation results for SDR test for different MCSs. In the simulation 3% Tx EVM was assumed for 64QAM and 2% Tx EVM was assumed for 256QAM. It can be observed that
· For 64QAM, MCS 28 is not feasible for test since code rate is too close to 0.93 and required CINR is too high. MCS 27 seems to be reasonable MCS selection. 
· For 256QAM, MCS 27 cannot achieve peak throughput even at 30dB.  On the other hand, for MCS 26, peak throughput can be achieved at SNR 25dB. 
Based on the observation, we would like to propose following. 
Proposal 4. Select MCS 27 for 64QAM rank 4 SDR test. For 256QAM rank 4 SDR test, consider MCS 26.  

Table 2. Code rate for 64QAM SDR test

	
	MCS 28
	MCS 27
	MCS 26

	
	TBS
	Code rate
	TBS
	Code rate
	TBS
	Code rate

	SF 1-4, 6-9
	150752
	0.927
	127552
	0.785
	123328
	0.759

	SF 0
	150752
	0.954
	127552
	0.807
	123328
	0.781

	SF 5
	142224
	0.922
	123328
	0.799
	59256
	0.768


Table 3. Code rate for 256QAM SDR test

	
	MCS 27
	MCS 26
	MCS 25

	
	TBS
	Code rate
	TBS
	Code rate
	TBS
	Code rate

	SF 1-4, 6-9
	195792
	0.903
	169520
	0.782
	162352
	0.749

	SF 0
	195792
	0.93
	169520
	0.805
	162352
	0.771

	SF 5
	187600
	0.912
	162352
	0.789
	157408
	0.765
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Figure 2. 4 layer SDR test

3.4. Test applicability for SDR test

When rank 4 SDR test is introduced for 64QAM and 256QAM, RAN4 also need to specify test applicability rule. For existing SDR test, CA configuration and bandwidth combination for SDR test is selected with following rules. 
· 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. 

This rule works under the assumption that UE supports rank 2 PDSCH demodulation in all band in any CA configuration. However, we cannot expect same situation for 4 layer MIMO transmission. Most likely, UE will introduce 4 layer MIMO in an incremental way to avoid sudden increase in baseband processing and antenna complexity. Also, 4 layer support will be supported only in subset of bands due to constraint on 4 Rx antenna implementation. For a particular CA configuration, 4 layer will be supported for subset of CCs, which will be indicated by UE capability signaling. For test applicability rule for such UE implementation, we can consider following options. 
· Option 1: Apply SDR test to a CA configuration, bandwidth combination and ranks that supports highest MAC throughput among all CA configurations. 
· Option 2: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.
For example, let’s assume UE supports following CA configurations. 
· 20+20+10 with rank 2/2/2 on CA config A (no 4 layer CC)
· 20+15+10 with rank 2/2/4 on CA config B (4 layer CCs: 10)
· 10+10+10 with rank 2/4/4 on CA config C (4 layer CCs: 10+10)
If we follow option 1, CA config B will be selected for SDR test since this configuration can provide highest MAC throughput. If we follow option 2, CA config A will be selected for rank 2 SDR test and CA config C will be selected for rank 4 SDR test. 
Option 1 has the advantage that we can apply SDR test with the highest MAC throughput and thus exert highest stress on MAC and upper layer. However, option 1 will affect existing SDR test applicability rule and it is not anymore guaranteed that SDR test is applied to CA configuration with maximum number of CCs and largest aggregated bandwidth. On the other hand, option 2 will leave existing SDR test applicability rule unaffected. On top of that, a new rule is introduced to find a CA configuration and bandwidth combination with largest aggregated bandwidth among 4 layer CCs. 
 Proposal 5. Consider following SDR test applicability rule for rank 4 UE. 

· Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. 

· Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.

4. Conclusions

In this contribution, we provided simulation results for 3/4 layer PDSCH demodulation test. Our proposals are 
Proposal 1. For fading channel test, consider following TM/rank/MCS combinations as candidate test cases.

· TM3 rank 3 test with MCS 18

· TM4 rank 4 test with MCS 14

· TM9 rank 3 test with MCS 18

Proposal 2. For SDR test, select TM3 with rank 4 PDSCH as transmission mode. 

Proposal 3. Specify SDR test for both 64QAM and 256QAM. 

Proposal 4. Select MCS 27 for 64QAM rank 4 SDR test. For 256QAM rank 4 SDR test, consider MCS 26 in case Tx EVM requirement can be tightened to 3%. Otherwise, consider MCS 25.  

Proposal 5. Consider following SDR test applicability rule for rank 4 UE. 

· Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. 

· Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.
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