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1
Introduction 
In last RAN4 meeting, performance part of MUST WI [1] was first discussed. A WF [2] was agreed to capture the agreements and list the remaining issues. In this paper, we provide our view on the remaining issues for MUST Case 3. 
2
Agreements from last meeting

Below, we capture the agreement for MUST Case 3 in [2]. 

	· MUST Case 1 and Case 2

· 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 formats 

· Rank 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 general, RAN4 still has open issues listed as following:

1. Tx antenna number
2. Rx antenna number
3. MCS of target UE
4. Interference modulation
5. Precoder assumption
6. Number of interfering layers
7. OCC
In next section, we provide our view for each open issue.

3
Discussions on Open Issues
1. Tx antenna number
When UE estimates channels based on DMRS, the number of Tx antenna is actually transparent to UE. Since MUST Case 3 focuses on the case with Tx antenna number no less than 4, we think it would be good to specify tests with at least 4 Tx antennas. It is fine to have 8 Tx antennas in TDD test cases.

Proposal 1: Adopt 4 Tx antennas in FDD test cases and 8 Tx antennas in TDD test cases.

2. Rx antenna number
In Rel-13, the 4Rx WI started to introduce test cases for 4 Rx UEs. Rules are introduced, e.g., some new test cases are re-designed with new requirements, some test cases are extended based receiver antenna duplication method with adjusted requirements, and some test cases are skipped for Type 2 4Rx UEs. 

It is expected all MUST test cases will encounter same discussion for 4Rx UEs. To ease the workload of RAN4, we suggest first specifying all test cases in 2Rx. After all 2Rx test cases are finalized, RAN4 can start to discuss whether to have 4Rx tests or how to extend tests from 2Rx to 4Rx.
Proposal 2: First specify all test cases in 2Rx before discussing 4Rx test cases.
3. MCS of target UE and Interference modulation
In our previous paper [3], we provide simulation results showing that using the {MOD1, MOD2}={64QAM, QPSK} can best know whether UE is using R-ML demapper based on the assistance information in DCI, where MOD1 and MOD2 are the modulation used by the target UE and the interfering PDSCH. One concern pointed out in the last meeting is the probability of scheduling PDSCH with such a modulation combination. To study this, we conduct system-level simulation with the simulation assumptions provided in Appendix. The results of MOD combinations are provided in Table 1.
Table 1 Distribution of MOD combinations
	{MOD1, MOD2}
	Probability

	{QPSK, QPSK}
	45.42%

	{16QAM, QPSK}
	31.25%

	{16QAM, 16QAM}
	9.09%

	{64QAM, QPSK}
	7.01%

	{64QAM, 16QAM}
	5.76%

	{64QAM, 64QAM}
	1.46%


From the results, we see that the probability of scheduling {64QAM, QPSK} is around 7%, which may be a little bit low. To accommodate companies’ concern, we think it may be also fine to test with MOD1=16QAM. As a result, we conducted simulation results with target UE scheduled by MCS#16. (This MCS is selected to make the SNR point high enough at interference-limited region.) The simulation results are provided in Figure 1. 
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Figure 1. Throughput performance for TM9, MCS#16, OCC2, 2Rx with different MOD2: (a) QPSK, (b) 16QAM and (c) 64QAM

From Fig. 1, we can still see a clear gap between correct UE behavior and other behaviors in sub-figure (a), where MOD2=QPSK. Since the probability of scheduling {16QAM, QPSK} is more than 30% according to our system-level evaluation, we think it is also fine to use {16QAM, QPSK}.
Proposal 3: Define the test with modulation combination either {64QAM, QPSK} or {16QAM, QPSK}. If target UE is to be scheduled with 16QAM, MCS#16 is recommended.
4. Precoder assumption
Another concern raised during last meeting is the precoder assumption. Ideally, if eNB can select proper precoders, it helps to reduce the interference experienced by the two co-scheduled UEs. In our previous paper [4], we provided one extreme scenario under high correlation channel to achieve nearly zero MU interference. In that case, any assistance information is not required. However, in the low-correlation channel which RAN4 is considered in all MU test cases, it is almost impossible to completely eliminate the mutual interference between co-scheduled UE simply by precoder selection. As a result, we think the current setting of using random precoder should be sufficient. 

Proposal 4: Adopt the random precoder in the test to align with the setting in exiting other MU tests. 
Another thing on precoder assumption is that whether the two rank-1 precoders used for the 2 co-scheduled UEs should form a legal rank-2 precoder in the codebook. In our previous paper [5], we conducted some simulation studying this issue. In Figure 2, we extract the results from [5], comparing the performance with and without the constraint. The results show that this precoder constraint could bring some performance difference for eIRC receiver, but very limited difference for R-ML receiver. Therefore, it is fine to pick either one. We think it is better to adopt the constraint to limit the possible precoder combinations for easier aligning results among companies. 
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Figure 2. Throughput performance for TM9, MCS#17, OCC2, 2Rx and MOD2=QPSK
Proposal 5: Adopt the constraint that the 2 rank-1 precoders of the co-scheduled UEs form a legal rank-2 precoder. 
5. Number of interfering layers
In another our paper about MUST feature list [6], we have some discussion about the feature as well as the expected number of interfering spatial layers to be cancelled by UE. Our proposal is to have a reference UE behavior as a common understanding to both UE and network sides:

	UE is not expected to jointly decode the total number of spatial layers higher than the MIMO capability claimed on that component carrier.


where the total number of spatial layers is the sum of the number of layer of desired PDSCH and the number of interfering layer to be cancelled by UE. With above understanding, 2Rx UE is expected to cancel at most 1 interfering layer. 
However, questions are still asked, e.g., 
· What will the performance be, when eNB co-schedule more than 2 UE together, or 
· Whether any performance improvement can be expected, when eNB provides the assistance information of more than 1 interfering layer(s). 
To study this issue, we conducted simulations transmitting superposed PDSCH intended for 2, 3 and 4 UEs, as in Figure 3(a), 3(b) and 3(c), respectively. During the simulation, we tried 3 different receiver types: 
· MMSE: decode its target PDSCH without any cancellation nor suppression of interference. 
· eIRC: decode its target PDSCH after suppressing all interference based on output of channel estimation on DMRS ports. 
· R-ML: select the strongest interfering layer to be jointly decoded with its own PDSCH, while suppressing all the other interfering layers. 
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Figure 3. Throughput performance for TM9, MCS#16, OCC2, 2Rx with different number of co-scheduled UEs: (a) 2 co-scheduled UEs (b) 3 co-scheduled UEs and (c) 4 co-scheduled UEs

From the results, we observed very poor performance for all receiver types when the total number of co-scheduled UE is 3 or 4. As a result, we suggest configuring only one interfering layer in the test for 2Rx UEs. More specifically, one interfering layer at Tx, one assistance information for that interfering layer, and one interfering layer to be cancelled by UE. For the case with more than 1 interfering layers, it can be later considered by 4Rx UE. Figure 4 provides some examples. 
Proposal 6: Consider to schedule only one interfering layers in 2Rx tests.
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Figure 4. Throughput performance for TM9, MCS#16, OCC2, 4Rx with different number of co-scheduled UEs: (a) 3 co-scheduled UEs and (b) 4 co-scheduled UEs.
6. OCC
The difference between OCC2 and OCC4 is mainly on the format of assistance information to be transmitted via DCI, but not little performance (assume single interfering layer). According to our previous evaluation in [3], no big performance difference is observed between OCC2 and OCC4. The results are now extracted in Figure 3 below. If it is agreeable to group, same requirement can be shared by OCC2 and OCC4 tests. Moreover, applicability rule can be introduced so that UE may skip OCC2 tests when it already fulfils OCC4 tests, in order to reduce testing cost. 
Proposal 7: Define test cases for both OCC2 and OCC4. Further consider introducing applicability rule to reduce testing cost. 
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Figure 3. Throughput performance for TM9, MCS#17, 2Rx and MOD2=QPSK for OCC2 and OCC4
4
Test Case 
Based on above discussion, we have the following proposal for the test cases in MUST Case 3:

Table 3 list of test cases for MUST Case 1 and Case 2

	Test case
	TX num
	Rx num
	TM
	MCS
	OCC length
	Interference modulation
	Precoder assumption
	num of interfering layers
	k-max
	BMUST

	B1
	FDD: 4

TDD: 8
	2
	9
	#16 or #17
	2
	QPSK
	Random, legal rank-2 precoder
	At least 1
	1
	2

	B2
	
	
	
	
	4
	
	
	
	1
	4

	B3
	
	
	
	
	
	
	
	
	3
	6


Where BMUST is the number of additional bits added in the extended DCI formats

Proposal 8: RAN4 to consider the follow test cases for MUST Case 3 
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Where BMUST is the number of additional bits added in the extended DCI formats

5
Summary 
In this paper, we provide our view on the remaining open issues for MUST Case 1 and Case 2. Based on the evaluation through simulation, we have the following observations and proposals:

Proposal 1: Adopt 4 Tx antennas in FDD test cases and 8 Tx antennas in TDD test cases.

Proposal 2: First specify all test cases in 2Rx before discussing 4Rx test cases.
Proposal 3: Define the test with modulation combination either {64QAM, QPSK} or {16QAM, QPSK}. If target UE is to be scheduled with 16QAM, MCS#16 is recommended.
Proposal 4: Adopt the random precoder in the test to align with the setting in exiting other MU tests. 
Proposal 5: Adopt the constraint that the 2 rank-1 precoders of the co-scheduled UEs form a legal rank-2 precoder. 
Proposal 6: Consider to schedule only one interfering layers in 2Rx tests.
Proposal 7: Define test cases for both OCC2 and OCC4. Further consider introducing applicability rule to reduce testing cost. 
Proposal 8: RAN4 to consider the follow test cases for MUST Case 3 
	Test case
	TX num
	Rx num
	TM
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	Interference modulation
	Precoder assumption
	num of interfering layers
	k-max
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Where BMUST is the number of additional bits added in the extended DCI formats
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Appendix 

	Parameters
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0 GHz

	Total eNB TX power
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU Uma

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna height
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 
· 2/4Tx, cross-polarized

UE: 
· 2Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with packet size = 100 Kbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST users the following is assumed

· MMSE-IRC/RML for intra-spatial-layer interference cancellation

· MMSE-IRC/RML is assumed for inter-spatial-layer interference 

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2 CRS ports 

	Transmission schemes
	SU-MIMO and MUST

	Feedback assumption
	Realistic CRS channel/interference estimation
RI/PMI/CQI feedback period = 5ms

SU-MIMO CSI feedback with 5ms feedback delay

	Receiver impairment modeling for demodulation
	Modeled

	EVM
	Modelled (Tx EVM=8%; Rx EVM=4%)

	HARQ
	No HARQ


