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1 Introduction
The Downlink Multiuser Superposition Transmission study item scope has been discussed considerably since its initial approval, resulting in a revision in RAN#67.  Given the discussion in RAN#67, this text still leaves room for interpretation, and may benefit from some clarification.  Furthermore, it may be useful to address the amount of impact of superposition transmission on LTE specifications and on UE complexity that is within the scope of the study.  Therefore in this contribution we consider aspects such as how MU-MIMO relates, transmission modes and transmission mode combinations, as well as general observations on the scope of the study.
2 Discussion 
The study item scope has been carefully refined to determine the incremental benefit of superposition coding over existing techniques, especially MU-MIMO.  A second target is to limit UE complexity impacts. The study item description therefore (roughly) defines superposition coding as a technique wherein users are multiplexed together in the same downlink resources in a single effective channel.  This is captured in the SI as [1]:
· 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.
Given the discussion in RAN#67, this text still leaves room for interpretation, which we consider in the following sections.  Prior to considering the details of the SI scope, we first make some general observations.  Finally, the implications of CRS based transmission modes and mixtures of transmission modes are considered.
2.1 General observations

Multiuser transmission schemes such as MU-MIMO and multiuser superposition transmission target improved system capacity rather than higher peak rate, and tend not to directly benefit a UE in terms of throughput.  Such schemes might also be differentiated from CRS-IC or NAICS which can allow the UE to operate in more difficult radio conditions.  Therefore, there is less direct benefit to the UE from multiuser transmission schemes, and the design of such features should take extra care to minimize UE complexity.  For example, requiring new UE receiver architectures or substantially higher CSI computation complexity would be in order only if capacity is greatly improved.
As discussed in [2], upper bounds on gains from multiuser superposition transmission are expected to be on the order of 15-20% mean throughput.  Therefore, superposition transmission appears similar to other features such as 256 QAM that are complementary mechanisms to improve capacity when conditions allow.  Such mechanisms should be easily adapted for use when conditions become suitable, while at the same time have limited specification impact. 
Observations:

Multiuser superposition transmission designs should target opportunistic, complementary operation
· Only moderate system capacity gains are expected, and UE does not directly benefit in terms of peak rate or robustness
· Extra care should be taken to limit UE complexity impacts.

· Existing receiver designs should be exploited as much as possible

· Superposition transmission should be easily adapted to suitable radio conditions, while at the same time having limited specification impact.
2.2 Combinations of spatial multiplexing and superposition transmission

In Figure 1, we illustrate a variety of combinations of superposition transmission and spatial multiplexing with two spatial layers.  Here, two spatial layers are transmitted, and there are up to two ‘superposition layers’ within each spatial layer, for a total of up to 4 layers.  Note that this is shown from the UE’s perspective: each layer is presumed to be a desired or interfering layer that the UE is expected to process.  Furthermore, a superposed layer corresponds to ‘near’ or ‘far’ reception, which is indicated by a thick or thin arrow.  Up to 4 UEs may be multiplexed on the different layers in different ways.  The first and second rows of the table correspond to the first and second superposition layer on the first spatial layer, respectively.  Similarly, the last two rows correspond to the first and second superposition layer on the second spatial layer.  SU-MIMO is represented when one UE is served by the two spatial layers, whereas MU-MIMO is shown when two UEs served by the spatial layers.
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Figure 1: Superposition and Spatial Multiplexing Combinations with 2 Spatial Layers
Some general comments about each of the cases:

· Case 1 superposes two rank 1 UEs on only one spatial layer.  This is most fundamental kind of superposition transmission, and a key part of the study.

· Case 2 superposes a near UE’s (UE 1’s) SU-MIMO transmission with a far UEs (UE 2’s) rank one transmission.  This may be a common combination for multiuser superposition transmission schemes.
· Case 3 superposes two SU-MIMO transmissions to two different UEs where UE 1 uses rank 2.  In one sense, it can be considered MU-MIMO, since UE 2 is present on a different spatial layer than UE 1.

· Case 4 may be a less likely combination, since a ‘far’ UE is served with rank 2 SU-MIMO, while 2 ‘near’ UEs are rank 1. Also, co-scheduling 3 UEs may mean transport format is needed for two interfering UEs (rather than just one) for nonlinear receiver types, adding to control overhead and UE complexity.
· Case 5 has all rank 1 UEs, and so is similar to case 3 in that both near and far UEs are served with rank 1 transmission.  It is also expected to be a less prevalent case.  Because 4 UEs are co-scheduled, even more transport information than for case 3 may be needed for nonlinear receiver types, adding to control overhead and UE complexity.
Observations:

· Some amount of MU-MIMO is implied by any use of rank 2 transmissions with superposition transmission

· Completely forbidding MU-MIMO with superposition transmission would restrict all superposition transmissions to rank 1.

· Combining a rank 2 ‘near’ UE with a rank 1 ‘far’ UE seems to be natural for superposition transmission
· Even with two spatial layers, there are a considerable number of combinations of superposition and spatial multiplexing configurations, some of which are less useful or feasible than others.
· Scheduling a UE on both near and far superposition layers seems to be one combination that has questionable benefit.

· When two spatial layers are transmitted, restricting to two co-scheduled UEs can avoid extra UE complexity and control overhead, especially for non-linear receiver types.
Figure 2 shows combinations with 3 spatial layers, but only one pair of superposed layers.  Because the total number of layers is the same as in Figure 1, in some respects the UE complexity aspects are similar.  However, increasing the number of spatial layers when multiple UEs are present has significant impact, making channel estimation more difficult and requiring more spatial interference suppression from UEs. 

Some more detailed comments about each of the cases:

· Case 6 superposes two SU-MIMO transmissions to two different UEs, however the second spatial layers for the UEs are transmitted with different precoding (and so they are not superposed).  Therefore, the requirement to use the same spatial precoding vector is met for one pair of superposed layers, but not the other pair.  Even though there are only two UEs served in this combination, channel estimation may be considerably more difficult than for cases 1-5, since the UEs will need additional information to be able to estimate a third spatial layer.
· Case 7 has UE 1 served with two spatial layers and UEs 2 and 3 transmitted with rank 1.  One of UE 1’s spatial layers is superposed with UE 2, while its other layer is spatially multiplexed with UE 3.  
· Similar to case 6, the requirement to use the same spatial precoding vector for superposition is only met for one layer.  
· Furthermore, since the 3 spatial layers now belong to 3 UEs, UEs now have to estimate up to 2 interfering spatial layers intended for other UEs.  As in cases 4 and 5, co-scheduling more than 2 UEs may impact control overhead and UE complexity for nonlinear receiver types.
· Case 8 has all rank 1 UEs, and a total of 4 UEs are served.  This takes case 7 one step further, such that now more UEs have to estimate 2 interfering spatial layers intended for other UEs.
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Figure 2: Superposition and Spatial Multiplexing Combinations with 3 Spatial Layers

Observations:

· Co-scheduling superposed UEs on 3 or more spatial layers:
· Partially meets the requirement to use the same spatial precoding vector, meeting it only for one pair of superposed layers. 
· Is likely to make channel estimation for the UE considerably more difficult.
· Relies more on the UE’s ability to spatially suppress interference, making it a questionable configuration for at least 2 UE receive antennas.
· Restricting to two co-scheduled UEs when 3 or more spatial layers are transmitted is at least, if not more, beneficial as for the 2 spatial layer case with respect to extra UE complexity and control overhead.

Given the observations above, we propose that the study include cases restricting the number of co-scheduled spatial layers and UEs.  However, especially since the study is at an early stage, greater numbers of interfering layers or UEs can be further considered.
Proposal:

The scope of the multiuser superposition study includes where

· UEs receiving superposed layers are expected to mitigate interference
· with one spatial layer (additional layers FFS)
· from one co-scheduled interfering UE (additional UEs FFS)
2.3 On CRS based TMs and mixtures of TMs
The restriction that the same spatial precoding vector or same transmit diversity scheme is used clearly forbids a mixture of transmit diversity with any precoded transmission.  

· Using transmit diversity as fall back for precoded transmission schemes in TMs 4,5,6,8,9,10 is precluded.  Therefore, the ‘far’ UE should have a robust enough radio link to support precoding even though it will tend to be on the lower end of the SNR distribution.

· Therefore, large delay CDD and transmit diversity can’t be superposed.  This reduces the benefit of superposition for TM3 significantly, since ‘far’ UEs will be more likely to be rank 1 and use transmit diversity whereas near UEs will use more than rank 1 and large delay CDD.

The study does not explicitly state it, but since it is precluded to combine transmit diversity with precoding, it is also natural to preclude combining transmission schemes in general, as this would have an even greater effect on UE complexity.
Observations:

The scope of the study has the following implications:

· Use of transmit diversity as fall back for precoding is precluded for superposed layers.

· The value of TM3 in the study may be questioned, since rank 2 transmissions can’t be co-scheduled with rank 1 transmissions.

Proposal:

· A UE receives at most one PDSCH transmission scheme within each spatially multiplexed layer

3 Conclusion
This contribution has considered the scope of the Downlink Multiuser Superposition Transmission study item scope, addressing aspects such as how MU-MIMO relates, transmission modes and transmission mode combinations, as well as general observations on the scope of the study.  In summary, we have the following observations and proposals:
General observations:

Multiuser superposition transmission designs should target opportunistic, complementary operation

· Only moderate system capacity gains are expected, and UE does not directly benefit in terms of peak rate or robustness.
· Extra care should be taken to limit UE complexity impacts, e.g. not requiring completely new receiver designs.
· Superposition transmission should be easily adapted to suitable radio conditions, while at the same time having limited specification impact.
Observations on the study item scope:
The scope of the study has the following implications:

· When two spatial layers are transmitted, restricting to two co-scheduled UEs can avoid extra UE complexity and control overhead, especially for non-linear receiver types.

· Co-scheduling superposed UEs on 3 or more spatial layers only partially meets the SI restrictions on spatial precoding, is likely to make channel estimation considerably more difficult for the UE, and is more challenging to exploit with 2 receive antenna UEs.

· Use of transmit diversity as fall back for precoding is precluded for superposed layers.

· The value of TM3 in the study may be questioned, since rank 2 transmissions can’t co-scheduled with rank 1 transmissions.

· In general, there are many combinations of spatial multiplexing and superposition, and excluding the least feasible or least useful combinations at an early stage may help progress the study.

Proposals:

The scope of the multiuser superposition study includes where a UE receiving superposed layers:
· Is expected to mitigate interference 
· with one spatial layer (additional layers FFS)
· from one co-scheduled interfering UE (additional UEs FFS)
· Receives at most one superposed layer within a spatially multiplexed layer.
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