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1. Introduction

In RAN#67, the SID titled Study on Downlink Multiuser Superposition Transmission for LTE was approved [1] and the following describes SI objectives:
This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
·  Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.

· The study should be applicable to both TDD and FDD.
In this contribution, we discuss evaluation methodology for new DL MU transmission schemes this SI targets and related issues including evaluation assumption, L2S modelling, baseline receiver, EVM assumption, and traffic model. 

2. Discussions
· Evaluation Assumption on MU paring and MU-IC operation
Regarding scheduling assumption on MU pairing and assumption on MU-IC operation for the purpose of the potential gain of superposition transmission schemes, there seems to be two main issues as follows:

· 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.
Another issue is related to the interpretation of SI objective. SID says the objective is to investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation. From our understanding with consideration of the meaning of “enabling”, the use case of superposition coding schemes does not seem to be limited to same beam case only. Thus, it is open that the schemes are going to be applied in any other cases including different beam MU transmission, if gain is there and it is feasible.
· 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?
As we mentioned about our understanding of “enabling” in SID objective, Q1 and Q2 are reasonable questions to be addressed. 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. Furthermore, with investigating the gain of superposition transmission when transmission mode of all UEs is identical, it is worth to study it when transmission modes are mixed; for example, superposition transmission for a pair of TM4 UE and TM9 UE.
Proposal 1: 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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 so that the received signal in this case is equivalent to
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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 2: 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.

· Baseline receiver 

Basically, we can consider MMSE IRC receiver as baseline, which does not need to indicate any information on interference to be suppressed. Meanwhile, as more advanced receivers such as ML have been studied in Rel-12 NAICS WI, there might be a possibility to consider them baseline receiver. In order for these receivers to cancel intra-cell interference, serving cell can provide assistance information on co-scheduled UE interference, in the form of higher layer Rel-12 NA signalling, instead of signalling assistance information on neighbour cell interference. However, one remaining issue with this is that BD performance for interference parameters has been verified only in inter-cell circumstance and BD performance for MU interference parameters has not been studied.
Proposal 3: MMSE IRC receiver can be considered as baseline receiver. 
· EVM assumption
An EVM impact on superposition coding should be studied and reflected in evaluation. EVM is a measure of the difference between the ideal symbols and the actual transmitted symbols caused by practical transmitted waveform quality. The transmitted waveform is thus composed of the desired signal plus an error signal whose power is proportional to the transmitted signal power. Thus, an EVM term should be added by including an additional interferer using the same channel matrix as the target user and transmit power meeting EVM requirement. The following equation shows an example of received superposed signal including EVM: 
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where 
[image: image18.wmf]1

s

 and 
[image: image19.wmf]2

s

are 16QAM symbol for cell center UE and QPSK symbol for edge UE, respectively and P is total transmit power and 
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is power allocation factor. Due to asymmetric power allocation between 
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, superposed constellation has not uniformly distributed 64 symbol points so that minimum distance of the constellation points can be much shorter than that of conventional 64 QAM with the same power. In other words, considering shorter minimum distance, tighter EVM requirement for 
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 decoding is needed than current 64 QAM EVM requirement 8% derived under the assumption of uniformly distributed constellation points. Therefore, for the purpose of evaluation of superposition coding schemes, using 256 QAM EVM requirement can be considered.
Proposal 4: For the purpose of evaluation of superposition coding schemes, using 256 QAM EVM requirement can be considered. 
· Traffic model
Regarding traffic model, it is worthwhile to evaluate the potential gain in not only FTP model 1 but also full buffer model for calibration purpose. 
Proposal 5: Both FTP model 1 and full buffer mode should be considered
3. Conclusion
In this contribution, we discuss evaluation methodology for new DL MU transmission schemes this SI targets and related issues including evaluation assumption, L2S modelling, baseline receiver, EVM assumption, and traffic model. Based on the discussion, we propose:

Proposal 1: 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 2: The impact of channel estimation impairment on IC performance should be well captured through L2S modeling.

Proposal 3: MMSE IRC receiver can be considered as baseline receiver. 
Proposal 4: For the purpose of evaluation of superposition coding schemes, using 256 QAM EVM requirement can be considered. 
Proposal 5: Both FTP model 1 and full buffer mode should be considered
______________________________________________________________________
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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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