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1. Introduction

In RAN1#80b, the following agreements on evaluation methodology were made and several WFs [x] were agreed:
· For the evaluation of multiuser superposition transmission, the following cases are at least studied

· Transmissions to superposed UEs use the same transmission scheme 

· FFS: mixed transmission scheme cases

· The same precoder for the superposed UEs is considered.

· The case when rank1 precoder vector for UE1 is v1,1 and rank2 precoder matrix for UE2 is [v2,1 v2,2] and  v1,1 = v2,1  is also considered as the same precoder case.

· Although this does not preclude different precoder case, companies should provide detailed assumption for different precoder case, e.g., availability of the other UE’s precoder information and receiver assumptions, etc.
· For 2x2 antenna configuration, SU/[MU]-MIMO is considered as the baseline performance.

· For 4x2/4x4 and [8x2] antenna configurations, SU/MU-MIMO is considered as the baseline performance.

· For receiver assumption:

· for inter-cell interference suppression, FFS

· for inter-stream interference suppression, FFS 

· FFS which TM is applied to which antenna configuration
· The same receivers for inter-cell interference suppression and for inter-spatial layer interference suppression should be considered to both baseline and MUST.

In this contribution, we further discuss remaining FFS points on evaluation methodology including transmission modes, baseline receiver, link simulation, evaluation assumption on MU paring and MU-IC operation, and L2S modelling.
2. Discussions
· TMs for evaluation
In our view, at least TM2, 4, and 9 should be evaluated to investigate MUST gain. In order to reduce simulation burden, it seems desirable to apply different TMs depending on antenna configuration. Our proposal is to apply TM2 and TM4 to 2Tx antennas and TM9 to 4Tx antennas for the following reasons. 
In 2 Tx antennas case, the need for MU-MIMO transmission is not clear since SU-MIMO is likely to achieve sufficient performance. Therefore, TM4 rather than TM9 needs to be considered for the evaluation. Also, for high velocity UEs, MUST gain on TM2 should be evaluated. In addition, unlink closed loop based MIMO schemes, TM2 allows us to investigate MUST gain without any cost coming from the same beam restriction. It is unfortunate to lose this opportunity by ruling out TM2. On the other hand, in 4 Tx antennas case, it makes sense to put high priority on TM9 considering MU-MIMO gain. Also, given that 2 CRS ports is still likely to be used in 4Tx system, TM2 and 4 simulation can be considered with low priority or omitted in 4 Tx case.
Proposal 1: For 2Tx antennas case, TM2 and TM4 should be applied and, for 4Tx antennas case, TM9 should be applied.

· Inter-cell interference suppression and inter-stream interference suppression
As for inter-cell interference suppression, we can simply consider a linear whitening receiver as baseline. Meanwhile, as more advanced receivers such as R-ML/SLIC have been studied in Rel-12 NAICS WI, there might be a possibility to consider them baseline receiver. However, we are not sure this is good for baseline. Given that companies showed different performance gain of NAICS during SI depending on L2S modelling and LUTs, it seems difficult to calibrate even the baseline performance if NAICS is applied. Furthermore, it is not clear to us that investigating MUST gain dealing with intra-cell interference is critically affected by inter-cell IC techniques which just improve far UEs geometry.
Regarding inter-stream interference suppression, we are open to use linear receivers such as MMSE-IRC or advanced receivers for SU-MIMO IC. If SU-MIMO IC receiver is baseline, L2S modelling for that, verification and performance calibration are needed in addition to doing those for MUST IC. To reduce this additional simulation burden coming from SU-MIMO IC, we can consider hard CWIC as baseline since L2S modelling can be more simply done base on CRC check result. Also, given that the performance of R-ML depends on R-ML algorithm and companies are free to choose different algorithms, hard CWIC is better for baseline performance calibration.
Proposal 2: Linear whitening receivers should be used for inter-cell interference suppression and linear receivers or advanced receivers for SU-MIMO IC should be used for inter-stream interference suppression.

Proposal 3: If SU-MIMO IC is used as baseline, hard CWIC is better choice in the sense of simple L2S modelling and baseline performance calibration.
· Link Level Simulation for MUST

In the last RAN1 meeting, WF on Link Level Simulation for MUST was agreed and several options were listed up [4]. Initial results on rate regions for a pair of near and far can be found in companion contribution [5]. With the link simulations we observe the performance gain of MUST schemes over OMA and effective combinations of power allocation and MCSs, which can be used in MUST transmission.

Link simulations provide merits in a sense that we can compare the performance of MUST schemes and identify useful combinations of MCS and power allocation factor, with exact impairments. System level simulation shows the impact of impairments on system performance but abstraction models are used, instead of exact impairments. Of course, the modelling can be validated for several cases with accuracy, but not sure for every case. In addition, given that MUST performance is quite sensitive to those impairments such as channel estimation error, EVM and so on, the performance should be also evaluated with exact impairment through link simulation not only through system simulation. In this way, the system level results can be complemented by the performance results from link simulation. 
Proposal 4: In link level simulation, rate pairs on the 2 users rate region should be investigated with different MUST schemes and receiver types and with practical impairments (e.g. channel estimation and EVM, etc.).
· Evaluation Assumption on MU paring and MU-IC operation
According to the agreements captured in section 1, it is up to each company how to deal with the following two issues for the evaluation.
· Issue 1: whether or not MU transmission are applied only when MU layers have the same precoding vector.
· Issue 2: whether or not IC receiver techniques are applied only when MU layers have the same precoding vector. 
By considering issue 1 and 2 together, we come up with 3 cases described in Table 1 and discuss each case one by one.
	
	
	Assumption for MU-IC operation

	
	
	IC for same beam MU layer only
	IC for both same beam MU layer & different beam MU layer

	Scheduling assumption for MU pairing
	Same beam only
	Case 1
	-

	
	Both same beam & different beam
	Case 2
	Case 3


Table 1.
· Case 1
If we simply evaluate the potential gain of superposition coding and IC capability with restriction of the same precoder, there are some problematic issues and questions coming. 
One issue is that system level gain is difficult to be expected, even if link level gain is significant, due to the low chance of finding a MU pair using the same precoding vector. This scheduling restriction probably limits the potential gain coming from superposition coding and IC among MU layers, especially when RU is low in FTP traffic model or 4 Tx PMI is reported. 
This is directly related to baseline system we use to compare with proposed schemes. It could be SU-MIMO system or SU/MU-MIMO dynamic switching system. If SU/MU-MIMO is baseline since MU-MIMO transmission is already supported in legacy system, then we may hardly observe enough system level gain.
· Case 2
Alternatively, the potential gain is evaluated with allowing MU pairing for both same beam and different beam but with IC capability only enabling in the same beam case. To see Case 2 is reasonable assumption, the answer for the following questions should be ‘Yes’. 
· Q1: Is network assistance information for MU-IC provided only for the same beam MU case, if network assistance information is designed?
· Q2: Is BD of scheduling information for MU-IC feasible only in the same beam MU case, if BD is required?
In our view, it does not seem desirable to put a restriction of same beam on IC operation, without sufficient study.
· Case 3
Alternatively, the gain can be evaluated under the assumption that superposition coding and IC capability can be applied to MU layers regardless of beam separation. In this case, the gain comes from two different aspects: 
· MU-MIMO IC gain with beam separation 
· Power domain user multiplexing gain without beam separation

The problem here is that since the two different gains are mixed up, it is difficult to understand how much gain comes by enabling power domain user multiplexing without beam separation, which is important because it provides the main motivation of this SI.
To have better understanding of the gain coming from power domain user multiplexing, we can consider evaluating superposition transmission gain under a simpler environment such as TM2, as a first step. 
Proposal 5: The potential gain coming from power domain user multiplexing without beam separation and the potential gain coming from MU-MIMO IC gain with beam separation needs to be investigated, separately.
·  L2S model

It is important to find accurate link-to-system models for interference cancellation performance in order to evaluate the potential gain of new transmission schemes in system level. 
First of all, given that one of factors determining the IC performance is channel estimation impairment, it should be carefully reflected in system level evaluation through a proper L2S model. Figure 1 shows an initial link simulation results on the impact of channel estimation impairment on IC performance, under the Gaussian AWGN channel and 1Tx2Rx antenna configuration. The following equation describes the received signal of cell center UE, i.e., UE1:
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where, in the simulation, 
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are 16QAM symbol for cell center UE (UE1) and QPSK symbol for edge UE, respectively and P is total transmit power and 
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is power allocation factor which is fixed 0.15 and H is 1. Those MCS and power allocation factor are selected from one of points in throughput region in [2].
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Figure 1
In the Figure, the FER curve of interference free case, green line, shows decoding performance of 
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. On the other hand, in case of CWIC, we draw a FER curve of 
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 after actual interference cancellation with estimated channel 
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has low MCS level with high allocate power although the geometry of UE1 is high, we observe UE1 always succeed in decoding 
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 during the simulation so that we get the same FER curve with 
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From Figure 1, we observe SNR gap between interference free case and CWIC, showing the impact of channel estimation impairment on IC receiver performance. Even though CWIC receiver always succeeds in decoding 
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 during this simulation, residual interference due to channel estimation error exists and is not negligible. In the simulation, channel estimation is done with high accuracy because of UE1’s high geometry around 14dB SNR. Nevertheless, SNR gap between green and blue line is found, which means that IC performance is quite sensitive to channel estimation impairment. This sensitivity also depends on power allocation factor.
Proposal 6: The impact of channel estimation impairment on IC performance should be well captured through L2S modeling.
Secondly, it needs to discuss whether Rel-12 NAICS L2S modelling can be reused with or without modification given that phy-abstraction methodologies for advanced receivers have been studied in NAICS SI. To this end, differences between this SI target and NAICS should be taken into account carefully. For example, cancelling interference without beam separation is in the scope of this SI but not in NAICS SI. Therefore, it could be difficult to directly reuse NAICS ML phy-abstraction methods, which use lower SNR bound based on received beamforming techniques such as ZF, [3].

Finally, as for L2S modelling on edge UE which probably does not use advanced cancellation receiver, conventional well known L2S modelling, e.g., Mutual Information Effective SNR Mapping, can be considered to use by treating interference from cell center UE as Gaussian noise. However, this modelling can be inaccurate when a large portion of transmission power is allocated to the center UE. Thus, it might need to be studied whether the conventional L2S modelling can be used for edge UE or new modelling is needed.

· Traffic model
According to the working assumption, FTP model 1 with high traffic load should be used and Companies are also free to submit full buffer traffic model results. The working assumption needs to be confirmed in this meeting.

3. Conclusion
In this contribution, we discuss evaluation methodology for new DL MU transmission schemes this SI targets and related issues including TMs, interference suppression assumption for baseline receiver, link simulation, evaluation assumption on beams of MU pair, and L2S modelling. Based on the discussion, we propose:

Proposal 1: For 2Tx antennas case, TM2 and TM4 should be applied and, for 4Tx antennas case, TM9 should be applied.
Proposal 2: linear whitening receivers should be used for inter-cell interference suppression and linear receivers or advanced receivers for SU-MIMO IC should be used for inter-stream interference suppression.

Proposal 3: if SU-MIMO IC is used as baseline, hard CWIC is better choice in the sense of simple L2S modelling and baseline performance calibration.
Proposal 4: In link level simulation, rate pairs on the 2 users rate region should be investigated with different MUST schemes and receiver types and with practical impairments (e.g. channel estimation and EVM, etc.).
Proposal 5: The potential gain coming from power domain user multiplexing without beam separation and the potential gain coming from MU-MIMO IC gain with beam separation needs to be investigated, separately.
Proposal 6: The impact of channel estimation impairment on IC performance should be well captured through L2S modeling.
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Appendix: Detailed evaluation assumptions

Link-level simulation parameters are listed as below.
	Parameter
	Unit
	Value

	System bandwidth
	RB
	6

	RB utilization
	RB
	2

	Carrier frequency
	GHz
	2

	TM
	-
	4

	Channel model
	-
	AWGN channel

	MCS
	-
	Center UE
	16 (16QAM)

	
	
	Edge UE
	6 (QPSK)

	Power allocation factor
	-
	 0.15

	Number of Tx antennas
	-
	1

	Number of Rx antennas (MRC)
	-
	2

	Total number of measured subframes
	Subframe
	10000

	HARQ
	-
	Off
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