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1. Introduction

In the RAN4 #82 meeting initial agreements on MuST Case 3 demodulation performance requirements definition were reached and captured in [1]:
	· Investigate the following 3 scenarios for MUST Case 3

· Test B1: TM9, dmrs-tableAlt  = 0, k-max =1, BMUST = 2

· Test B2: TM9, dmrs-tableAlt  = 1, k-max =1, BMUST = 4

· Test B3: TM9, dmrs-tableAlt  = 1, k-max =3, BMUST = 6

· where BMUST is the number of additional bits added in the extended DCI formatsRank of target UE is 1 for all tests

· Companies are encouraged to provide both R-ML and E-LMMSE-IRC simulation results in order to understand the difference

· Companies are also encouraged to provide views on the following parameters

· Tx antenna number

· Rx antenna number

· MCS level

· Interference modulation level

· Precoder assumption  

· The number of interference layers in Test B3.

· OCC (OCC2, OCC4)


In RAN4 #82bis meeting further agreements on MuST Case 3 demodulation performance requirements definition were reached and captured in [2]:
	· R-ML receiver as a baseline for MuST Case 3

· One interference layer for all test cases

· Agreed test cases


[image: image1]
· Applicability rule:
· UE supporting only Rel-10 DMRS and k-max up to 1 is tested by B1

· UE supporting Rel-13 DMRS and k-max up to 1 is tested by B2

· UE supporting Rel-13 DMRS and k-max up to 3 is tested by B3

· Same requirement to be shared by B1, B2 and B3

· Precoder assumption

· Random: same rule as 8.3.1.1 Test#2
· Constrained: Rank-2 precoder, as mentioned in R4-1703247
· Other detail test configurations to be discussed in Email reflector before April 21

· Companies are encouraged to provide alignment results and impairment results in the next meeting


In this paper we provide simulation results and views on the remaining test parameters for MuST case 3 demodulation performance requirements definition.
2. Remaining test details
The majority of the test details were decided in the previous meetings. The main open issues include:
1) Interferer modulation format: FFS if QPSK or 16QAM

2) MU-MIMO precoder model: FFS between random or constrained

Below, we provide the comparison of the MUST Case 3 performance under various interferer modulation and precoding models. The following scenarios are investigated
· MUST Case 3 + OCC2 + QPSK interferer + random precoding model;
· MUST Case 3 + OCC2 + 16QAM interferer + random precoding model;
· MUST Case 3 + OCC2 + QPSK interferer + constrained precoding model;
· MUST Case 3 + OCC2 + 16QAM interferer + constrained precoding model.
The simulation assumptions are based on the draft CRs circulated in the RAN4 e-mail reflector before the RAN4 #83.

	Random precoding model.
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	Constrained precoding model.

	FDD
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	Figure 1. MUST Case 3 simulation results


The simulation results indicate that for MUST Case 3 R-ML receivers provide performance improvement mainly for scenarios with QPSK interference. Meantime, the gains for other scenarios vs E-LMMSE-IRC are relatively limited. Therefore to allow the test to discriminate between the R-ML and MMSE implementations using QPSK interference can be used. 

We also note that for the QPSK interference case the performance gains from R-ML can be observed for both randomized and constrained precoding models. In our view the test case should replicate the practical network conditions and using constrained model is recommended.
Proposal #1:
Use QPSK interference and constrained precoding model for the MUST case 3 test cases
3. Simulation results

The complete set of the alignment and impairments results is provided in the attached Excel spreadsheet:

[image: image6.emf]MUST_Case3_Intel.x lsx


4. Conclusions

In this contribution we provided our views on the UE demodulation performance requirements for MUST Case 3. In summary, we make the following proposals:

Proposal #1:
Use QPSK interference and constrained precoding model for the MUST case 3 test cases
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Summary

				Simulation results without impairments

				Test		interference modulation		precoder assumption		Frame structure		Intel		Company 2		Company 3										STD		SPAN		MED		AVE

				B1/B2/B3		QPSK		random		FDD		13.0														ERROR:#DIV/0!		0.00		13.02		13.02

										TDD		12.6														ERROR:#DIV/0!		0.00		12.63		12.63

								constrained		FDD		12.4														ERROR:#DIV/0!		0.00		12.43		12.43

										TDD		12.2														ERROR:#DIV/0!		0.00		12.19		12.19

						16QAM		random		FDD		15.2														ERROR:#DIV/0!		0.00		15.22		15.22

										TDD		14.8														ERROR:#DIV/0!		0.00		14.78		14.78

								constrained		FDD		13.9														ERROR:#DIV/0!		0.00		13.94		13.94

										TDD		13.8														ERROR:#DIV/0!		0.00		13.76		13.76

				With impairments

				Test		interference modulation		precoder assumption		Frame structure		Intel		Company 2		Company 3										STD		SPAN		MED		AVE		Extra margin		MED+Margin		AVE+Margin

				B1/B2/B3		QPSK		random		FDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

										TDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

								constrained		FDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

										TDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

						16QAM		random		FDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

										TDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

								constrained		FDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!

										TDD																ERROR:#DIV/0!		0.00		ERROR:#NUM!		ERROR:#DIV/0!		0.5		ERROR:#NUM!		ERROR:#DIV/0!





Test B, QPSK, random PMI

				Test B1/B2/B3: TM9, 10MHz, MCS#16, EPA5, 4x2 Low																								Interference modulation: QPSK, precoder assumption: random



				SNR [dB]		AVE		STD		SPAN																										SNR [dB]		AVE		STD		SPAN

				70%		13.02		ERROR:#DIV/0!		0.0																										70%		12.63		ERROR:#DIV/0!		0.0





















































				FDD		MaxTput				13.4688		Mbps																						TDD		MaxTput				6.1392		Mbps

				SINR(dB)		Intel		Company 2		company 3		company 4		company 5		company 6																		SINR (dB)		Intel		Company 2		company 3		company 4		company 5		company 6

				0		0.00																												0		0.01

				2		0.04																												2		0.45

				4		1.82																												4		1.21

				6		3.95																												6		2.07

				8		5.28																												8		2.73

				10		6.51																												10		3.59

				12		7.55																												12		3.93

				14		11.69																												14		5.22

				16		13.41																												16		6.09

				18		13.47																												18		6.14

				20		13.47																												20		6.14

				22		13.47																												22		6.14

				24		13.47																												24		6.14



				SNR at 70% TP		13.0																												SNR at 70% TP		12.6																										

































																		 









































































Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0	4.3468800000000002E-2	1.82029	3.9481700000000002	5.2821300000000004	6.5097399999999999	7.5549299999999997	11.6852	13.405200000000001	13.4688	13.4688	13.4688	13.4688	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]







Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	1.28016E-2	0.44965899999999998	1.2131099999999999	2.0723199999999999	2.7269600000000001	3.59219	3.9289000000000001	5.2153099999999997	6.0922499999999999	6.1391999999999998	6.1391999999999998	6.1391999999999998	6.1391999999999998	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]









Test B, QPSK, constraned PMI

				Test B1/B2/B3: TM9, 10MHz, MCS#16, EPA5, 4x2 Low																								Interference modulation: QPSK, precoder assumption: constrained



				SNR [dB]		AVE		STD		SPAN																										SNR [dB]		AVE		STD		SPAN

				70%		12.43		ERROR:#DIV/0!		0.0																										70%		12.19		ERROR:#DIV/0!		0.0





















































				FDD		MaxTput				13.4688		Mbps																						TDD		MaxTput				6.1392		Mbps

				SINR(dB)		Intel		Company 2		company 3		company 4		company 5		company 6																		SINR (dB)		Intel		Company 2		company 3		company 4		company 5		company 6

				0		0.00																												0		0.11

				2		0.44																												2		0.55

				4		2.62																												4		1.51

				6		4.26																												6		2.23

				8		5.72																												8		2.99

				10		6.59																												10		3.71

				12		8.72																												12		4.18

				14		12.57																												14		5.59

				16		13.47																												16		6.13

				18		13.47																												18		6.14

				20		13.47																												20		6.14

				22		13.47																												22		6.14

				24		13.47																												24		6.14



				SNR at 70% TP		12.4																												SNR at 70% TP		12.2																										

































																		 









































































Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0	0.44430700000000001	2.6174599999999999	4.2554499999999997	5.7240599999999997	6.5903799999999997	8.7173599999999993	12.5671	13.4688	13.4688	13.4688	13.4688	13.4688	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]







Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0.10972800000000001	0.55153399999999997	1.5073399999999999	2.2327900000000001	2.9932400000000001	3.7054800000000001	4.18	5.5926499999999999	6.1280599999999996	6.1391999999999998	6.1391999999999998	6.1391999999999998	6.1391999999999998	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]









Test B, 16QAM, random PMI

				Test B1/B2/B3: TM9, 10MHz, MCS#16, EPA5, 4x2 Low																								Interference modulation: 16QAM precoder assumption: random



				SNR [dB]		AVE		STD		SPAN																										SNR [dB]		AVE		STD		SPAN

				70%		15.22		ERROR:#DIV/0!		0.0																										70%		14.78		ERROR:#DIV/0!		0.0





















































				FDD		MaxTput				13.4688		Mbps																						TDD		MaxTput				6.1392		Mbps

				SINR(dB)		Intel		Company 2		company 3		company 4		company 5		company 6																		SINR (dB)		Intel		Company 2		company 3		company 4		company 5		company 6

				0		0.00																												0		0.01

				2		0.03																												2		0.40

				4		1.24																												4		0.96

				6		3.50																												6		1.85

				8		4.49																												8		2.36

				10		5.85																												10		2.99

				12		6.57																												12		3.69

				14		7.43																												14		3.92

				16		10.99																												16		4.95

				18		13.28																												18		6.00

				20		13.47																												20		6.14

				22		13.47																												22		6.14

				24		13.47																												24		6.14



				SNR at 70% TP		15.2																												SNR at 70% TP		14.8																										

































																		 









































































Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0	2.56896E-2	1.23665	3.4965099999999998	4.4892899999999996	5.84903	6.5675699999999999	7.4310099999999997	10.9857	13.2813	13.4688	13.4688	13.4688	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]







Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	7.3152E-3	0.39525100000000002	0.96240999999999999	1.8528800000000001	2.3557299999999999	2.9865499999999998	3.6889699999999999	3.9241000000000001	4.9494600000000002	6.0049000000000001	6.1366800000000001	6.1391999999999998	6.1391999999999998	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]









Test B, 16QAM, constrained PMI

				Test B1/B2/B3: TM9, 10MHz, MCS#16, EPA5, 4x2 Low																								Interference modulation: 16QAM precoder assumption: constrained



				SNR [dB]		AVE		STD		SPAN																										SNR [dB]		AVE		STD		SPAN

				70%		13.94		ERROR:#DIV/0!		0.0																										70%		13.76		ERROR:#DIV/0!		0.0





















































				FDD		MaxTput				13.4688		Mbps																						TDD		MaxTput				6.1392		Mbps

				SINR(dB)		Intel		Company 2		company 3		company 4		company 5		company 6																		SINR (dB)		Intel		Company 2		company 3		company 4		company 5		company 6

				0		0.00																												0		0.09

				2		0.35																												2		0.52

				4		2.32																												4		1.36

				6		3.95																												6		2.07

				8		5.12																												8		2.63

				10		6.29																												10		3.43

				12		6.77																												12		3.76

				14		9.52																												14		4.38

				16		12.64																												16		5.62

				18		13.43																												18		6.10

				20		13.47																												20		6.14

				22		13.47																												22		6.14

				24		13.47																												24		6.14



				SNR at 70% TP		13.9																												SNR at 70% TP		13.8																										

































																		 









































































Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	0	0.35289599999999999	2.3150400000000002	3.9487100000000002	5.1238999999999999	6.2900900000000002	6.7683499999999999	9.5175699999999992	12.6416	13.4297	13.4688	13.4688	13.4688	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]







Intel	0	2	4	6	8	10	12	14	16	18	20	22	24	8.9611200000000002E-2	0.52454400000000001	1.3551599999999999	2.0692400000000002	2.6278000000000001	3.4254500000000001	3.7560099999999998	4.3785600000000002	5.6220100000000004	6.1015300000000003	6.1391999999999998	6.1391999999999998	6.1391999999999998	Company 2	0	2	4	6	8	10	12	14	16	18	20	22	24	company 3	0	2	4	6	8	10	12	14	16	18	20	22	24	company 4	0	2	4	6	8	10	12	14	16	18	20	22	24	company 5	0	2	4	6	8	10	12	14	16	18	20	22	24	company 6	0	2	4	6	8	10	12	14	16	18	20	22	24	SNR [dB]



Throughput [Mbps]










