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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 this paper we provide our view on parameters for MuST case 3 demodulation performance requirements definition.
2. Discussion

2.1 MU-MIMO precoder model
In the previous RAN4 meeting discussion about precoding model for MuST case 3 requirements definition was initiated. In the WI Core part evaluations random precoding model was assumed. In our view, using completely random precoders is unjustified and would likely reduce the performance at system level. Under practical conditions usually the PMI selection is constrained and eNB would still apply certain strategies to reduce the intra-cell MU-MIMO inter-stream interference. In accordance to the results in Section 3 for the case of random precoding model enhanced receivers provide large performance gains. However, we think that a substantial gains come from unrealistic assumptions and will not be observed in the field. Hence, in order to introduce more practical performance requirement using constrained precoder model is recommended. For example, the following approach can be used:

1) Find list of PMIs which satisfies the following equation: 
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 - precoding matrix for target UE and 
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 - orthogonality threshold (for example it can be equal to 0.2)
2) Randomly take PMI from prepared PMI list for each co-scheduled UE under assumption that all PMIs are different.

Proposal #1:
Use constrained MU-MIMO precoder model for MuST case 3 requirements definition.

2.2 Baseline receiver structure
During the WI core part of this item, two candidate receiver structures for MuST Case 3 were considered: E-LMMSE-IRC and R-ML. In previous RAN4 meeting it was agreed that companies are encouraged to provide both R-ML and E-LMMSE-IRC simulation results in order to identify achievable performance gains for the R-ML. In Table 1 we provide summary of link level analysis for scenarios with Target UE rank 1 and Interference UE rank 1 which one of the key scenarios. The detailed simulation results are provided in Section 3. The results are provided for different combination of modulation formats for the 2 UEs for random and constrained MU-MIMO precoding models. Based on our simulation results it may be observed that R-ML receivers provide sufficient performance improvement only in two main scenarios: 
· Target UE 16QAM + Interference UE QPSK 
· Target UE 64QAM + Interference UE QPSK
Observation #1:
For MUST Case 3 k_max = 1 R-ML receivers provide performance improvement mainly for scenarios with QPSK interference. The gains for other scenarios vs E-LMMSE-IRC are relatively limited.
Table 1. R-ML gain vs E-LMMSE-IRC

	
	Scenario #1: k_max = 1, OCC2, 2x2
	Scenario #2: k_max = 1, OCC2, 4x2

	
	Random PMI model
	Constrained PMI model
	Random PMI model
	Constrained PMI model

	Interf
Useful
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM

	QPSK
	0.6
	0.2
	0.2
	0.1
	0.5
	0.3
	0.0
	0.0

	16QAM
	2.8
	0.7
	2.1
	0.6
	2.6
	1.0
	1.1
	0.3

	64QAM
	4.1
	1.6
	2.7
	1.0
	3.8
	1.3
	2.1
	0.4


Taking into account that R-ML may still provide certain amount of gains for other scenarios (although not testable) it is possible to introduce a set of test cases to verify UE can apply R-ML processing. 
Proposal #2:
Use R-ML receiver as a baseline for MuST Case 3.
R-ML receiver performance also depends on the number of co-processed layers. For the k_max = 1 case it is reasonable to assume that R-ML receiver operates for 2 MIMO layers. For the k_max = 3 case, in general UE may attempt to handle multiple layers in order to improve the demodulation performance. In accordance to RAN1 agreements “k_max doesn’t imply the number of interfering spatial layers UE should cancel”. Hence, the eventual decision on the number of co-processed layers is left up to RAN4. In Section 3 we provide the simulation results to analyse the possible benefit of using multiple for k_max = 3 with 3 co-scheduled layers (Scenario #3) and 2 co-scheduled layers (Scenario #4). The results show that:
· Reliable demodulation performance can be achieved for scenarios with QPSK useful signals

· R-ML receiver with joint processing of 4 layers provides certain improvement for the case of randomized beamforming model. Meanwhile in case of practical constrained precoding model there gains are minimal.

· For the case of 16QAM and 64QAM useful signal transmissions the transmissions fail (~100% BLER for initial transmissions) and performance is limited by the inter-stream interference

Proposal #3:
Use 2 layer R-ML receiver as a baseline for MuST Case 3 performance requirements for UEs with 2 RX chains.
2.3 Test scenarios

Number of TX and RX antenna

For Test B1 and Test B2 scenarios with 2 Tx or 4 Tx antenna can be considered. For the Test B3 with k_max = 3, 4 Tx antennas can be used.
In our view, the UE demodulation performance requirements shall be defined for the baseline UEs equipped with 2RX antennas. As second priority the requirements for 4RX capable UEs can be discussed.

Proposal #4:
Use the antenna configurations for the test case definition
· Test B1: 2x2
· Test B2: 4x2
· Test B3: 4x2
Number of interference layers in test B3

For test B3 number of interference layers can be up to 3. In Section 3 we provide the simulation results for the case of k_max =3 with 3 co-scheduled layers (Scenario #3) and 2 co-scheduled layers (Scenario #4). For the case of 1 co-scheduled layer the results are expected to be very much aligned with k_max = 1 performance for the case of OCC2 (Scenario #2). It may be observed that in case of 2 and 3 interference layers the reliable MU-MIMO performance can be achieved for a few scenarios (and mainly with QPSK transmissions in all layers). Hence, we suggest to define the test B3 under assumption of 1 co-scheduled layer.
Proposal #5:
Use 1 interference layer for all test cases
Target and interference UEs modulation format

Existing MU-MIMO requirements are defined under assumption that target UE modulation format is 64QAM. So, for MuST case 3 requirement definition we can reuse such assumption. With regards to interference UE modulation format our suggestion to consider 64QAM or 16QAM, since such modulations are more typical in deployment.
Proposal #6:
For MuST case 3 requirement definition use 64QAM for target UE and 16QAM or 64QAM for interference UEs.

3. Simulation results

In this section we provide link level analysis for the following MuST case 3 scenarios.
· Scenario #1: k_max = 1, OCC2, 2x2 low correlation, 1 co-scheduled UE (AP)
· Scenario #2: k_max = 1, OCC2, 4x2 low correlation, 1 co-scheduled UE (AP)
· Scenario #3: k_max = 3, OCC4, 4x2 low correlation, 3 co-scheduled UEs (APs) with QPSK modulation
· Scenario #4: k_max = 3, OCC4, 4x2 low correlation, 2 co-scheduled UEs (APs) with QPSK modulation 
	Random precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Target UE – 64QAM
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	Constrained precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Target UE – 64QAM

[image: image9.emf]0 5 10 15 20

SNR, dB

0

5

10

15

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, MuST case 3, 2x2

LMMSE

ELMMSE

RML - Interf QPSK

RML - Interf 16QAM



	Figure 1. Scenario #1 (2x2, OCC2, k_max=1, 1 interf UE).


	Random precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Target UE – 64QAM
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	Constrained precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Target UE – 64QAM
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	Figure 2. Scenario #2 (4x2, OCC2, k_max=1, 1 interf UE).


	Random precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Constrained precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
[image: image19.emf]0 5 10 15 20

SNR, dB

0

2

4

6

8

10

12

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, MuST case 3, 4x2

LMMSE

ELMMSE+4layers

ELMMSE+1layers

RML+4layers

RML+1layers



	Figure 3. Scenario #3 (4x2, OCC4, k_max=3, 3 interf UE).


	Random precoding model.

	Target UE - QPSK
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	Target UE – 16QAM
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	Figure 4. Scenario #4 (4x2, OCC4, k_max=3, 2 interf UE).


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 constrained MU-MIMO precoder model for MuST case 3 requirements definition.

Proposal #2:
Use R-ML receiver as a baseline for MuST Case 3.
Proposal #3:
Use 2 layer R-ML receiver as a baseline for MuST Case 3 performance requirements for UEs with 2 RX chains.
Proposal #4:
Use the antenna configurations for the test case definition
· Test B1: 2x2
· Test B2: 4x2
· Test B3: 4x2
Proposal #5:
Use 1 interference layer for all test cases
Proposal #6:
For MuST case 3 requirement definition use 64QAM for target UE and 16QAM or 64QAM for interference UEs.
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