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1. Introduction
In RAN#66, a new study item on multi-user superposition transmission was approved with an additional update to the SID approved in RAN#67 [1]. The objective of the study item is to investigate the potential of non-orthogonal multiple access (NOMA), i.e. simultaneous transmission of multiple layers to different UEs without separation in time, frequency or space, assuming a more advanced receiver at the UE side (possibly network-assisted).

One of the first objectives of the SI is listed as follows:

· 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.
For purposes of investigating the potential gain of the schemes, RAN1 will need to define a baseline scheme which any new schemes or specification enhancements should be benchmarked against. Thus in this contribution, we provide our view on the baseline schemes for NOMA.

2. Discussion
RAN1 has already a long-standing common practice of evaluating specification enhancements over the “best” baseline scheme enabled by earlier releases. The NOMA studies should make no exception in this respect; rather RAN1 should strive to agree on a baseline scheme or a set of baseline schemes against which the NOMA performance shall be benchmarked. The baseline scheme should represent the best that can be achieved with the Release 12 system under the same assumptions.
Obvious choices for the baseline scheme(s), depending on the number of transmit antennas, are at least single-user and multi-user MIMO. Furthermore, since more advanced receivers are considered for NOMA, it becomes also worthwhile to consider what such advanced receivers could do already without any RAN1 specification enhancements, i.e. in case of SU-MIMO or MU-MIMO. To start with, E-LMMSE-IRC has been required for MU-MIMO already since Release 9, so MU-MIMO together with E-LMMSE-IRC should be considered as one baseline. However, it is noted that in Release 12, NAICS and SU-MIMO with advanced receivers already assume that the UE is capable of nonlinear interference suppression using RML/CWIC processing. Therefore it is natural to consider these more advanced receivers also for the baseline schemes. For example, in MU-MIMO RML/CWIC could be utilized for detecting a rank-2 transmission intended to the UE, while the co-scheduled other UE’s transmission layers would be separated spatially, both using transmitter side separation as well as at the receiver side using a whitening filter preceding the nonlinear stage. Alternatively, RML could be used for detecting the UE’s own signal in case of two spatially multiplexed rank-1 transmissions. It is noted that, as we show in [2], the performance difference between RML and CWIC may not be that large even for NOMA, and thus both should be considered as part of the study. 
On the other hand, candidate baseline schemes should make the same assumptions about for instance backhauling and inter-cell/inter-eNB coordination requirements as NOMA, thus for instance CoMP and feICIC are automatically considered out of scope of the study.

Observations:
· The baseline scheme should be based on same assumptions as NOMA with respect to the number of transmit antennas as well as backhauling and coordination requirements at the network side.
· SU- and MU-MIMO are thus natural candidates for the baseline scheme.
· Advanced receivers can be considered already supported by Release 12 UEs and thus should be considered for the baseline scheme as well.
In addition to the actual transmission scheme and the assumed receiver at the UE side, there are further aspects that need to be considered when evaluating the NOMA standard enhancement schemes against the baseline schemes. These are listed below:

1. Resource allocation restrictions: If CWIC reception is assumed for NOMA, the resource allocation of the paired UEs needs to be the same as otherwise the UE will not be able to perform decoding and successive cancellation of the stronger codeword. Alternatively, the existing LTE specification would need to be changed such that CWIC reception is enabled without additional resource allocation restrictions. Of course, the baseline SU- and MU-MIMO schemes do not suffer from this restriction. On the contrary, full frequency-selective scheduling is possible in those cases.
2. Restrictions on the number of layers/codewords: It can be assumed that a typical 2Rx UE would be able to explicitly detect two layers/codewords from a baseband processing perspective. Thus in case of NOMA, two rank 1 UEs could be paired at most. Similarly, SU-MIMO is of course limited to rank 2. However, there is no similar limitation for MU-MIMO. It can be assumed still that the advanced receiver at the UE side is able to detect up to two codewords explicitly. However, the total number of layers can be larger in case of MU-MIMO, where the multi-user interference would be handled by transmitter side spatial separation as well as by a whitening stage at the UE receiver side. For example, MU-MIMO of two UEs with up to rank 2 each could be considered where the UE uses RML/CWIC to detect its own transmission after a whitening stage is used to suppress co-channel interference.
3. Restrictions on the precoder: The study item description explicitly mentions “using the same spatial precoding vector or the same transmit diversity scheme over the same REs”. This defining feature of NOMA is obviously a rather strict restriction. In closed-loop MIMO it may further lead to scheduling decisions where the UE reported PMI is not followed. Obviously, such restrictions should not be unnecessarily imposed on the corresponding baseline schemes.
Observations:
· Non-orthogonal multiple access may impose additional restrictions on the scheduler in terms of resource allocation, precoder selection and maximum rank per UE.
· The evaluations should consider the impact of such restrictions on the performance of NOMA.

· Baseline schemes may not suffer from similar restrictions.

We summarize the considered baseline schemes as well as NOMA schemes with CWIC and RML receivers in Table 1. Also the applicability of the schemes to 2-Tx and 4-Tx antenna configurations is mentioned since MU-MIMO schemes, while in principle applicable, might not perform very well in case of two transmit antennas. We further note that NOMA is in principle just an additional dimension over which data may be multiplexed in the already wide palette of LTE transmission schemes. Any good scheduler is expected to dynamically switch and adapt between the schemes according to any instantaneous set of served UEs, in order to maximize the system performance. Therefore, the scheduler is expected to dynamically switch between SU- and MU-MIMO transmission in the baseline scheme, and among SU-MIMO, MU-MIMO, and NOMA in the enhancement.
Table 1. A summary of different transmission schemes to be considered in NOMA evaluation. Note that it is assumed that the UE has two receive antennas.
	
	Scheme
	Receiver
	Applicability
	Resource allocation restriction
	Precoder restriction
	Max. rank per UE
	Total number of layers

	
	
	
	2-Tx
	4-Tx
	
	
	
	

	Enhance-ment
	NOMA
	CWIC
	Yes
	Yes
	Yes
	Yes
	1
	2

	
	NOMA
	RML
	Yes
	Yes
	No
	Yes
	1
	2

	Baseline
	SU-MIMO
	CWIC
	Yes
	Yes
	No
	No
	2
	2

	
	SU-MIMO
	RML
	Yes
	Yes
	No
	No
	2
	2

	
	MU-MIMO
	CWIC (per UE)
	Limited
	Yes
	No
	No
	2
	4

	
	MU-MIMO
	RML (per UE)
	Limited
	Yes
	No
	No
	2
	4

	
	MU-MIMO
	E-LMMSE-IRC
	Limited
	Yes
	No
	No
	2
	4


3. Conclusion 
In this contribution we have discussed baseline schemes to be used for NOMA evaluations. To conclude, our proposals are as follows:
Proposals:

· Consider SU- and MU-MIMO schemes as baseline for NOMA evaluations.
· Consider both RML and CWIC receivers for NOMA and for the baseline SU- and MU-MIMO schemes.

· Consider the impact of resource allocation, precoder and rank restrictions on NOMA performance.
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