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1
Introduction

In this contribution we discuss selected aspects related to the operation of multiuser superposed transmission (MUST) schemes. The paper is addressing issues related to scenarios, such as prioritization of selected antenna configurations, it is discussing issues related to the scheduling options and it is addressing the receiver choices for the superposed UEs.
2
Scenarios
The multiuser superposed transmission (MUST) is a single/intra sector technology. In principle similar simulation assumptions as used for NAICS can be reused, with the mention that backhaul assumptions are not necessarily needed.

2.1. Deployment and traffic characteristics

In terms of deployment solution, both macro and HetNet scenarios could be considered. Naturally, the benefit of superposed transmission should be more prominent in scenarios with larger active UE populations. From this perspective, we believe that MUST technology is more applicable to homogeneous macro scenarios. However, the use case for MUST is a mix of several assumptions as we will discuss in the following.
2.2 Number of transmit antennas at eNB

The SID restricts the MUST technology to the same precoder to be used at both multiplexed/superposed users. As the number of transmit antennas are increasing in an eNB, at least for closed loop techniques, the MUST pairing probability will decrease, because the spatial/precoding space is increasing with the number of transmit antennas. Similarly, the codebook size grows with number of transmit antennas. This implies that the investigations should focus on lower number of antennas in eNB, such as 2Tx and 4Tx. 
The scenario with 1Tx antenna is of particular interest. In this case, no spatial precoding is possible at the eNB and one could claim that all the UEs are in fact precoded with the same scalar constant. On the other hand, a scenario with 1Tx antenna configuration raises several questions/issues: 

· The current network deployments are based on at least 2Tx. We 1Tx configurations improbable to be used for MUST, or in the best case corner case scenario, several reasons being discussed next.

· Coverage issues. In this situation MUST deployment needs to be considered in conjunction with control channel operation. Obviously, with only 1 Tx antenna, transmit diversity may not be used for control channel transmission. 
· TM1 is the only transmission possibility, having limited spectral efficiency characteristics. 

Proposals:

· Focus MUST studies on 2Tx and 4Tx at eNB

· 8Tx configurations may be studied at a later stage, at least after 2 and 4Tx implications are understood.

· 1Tx is not of practical interest, in the best case it can be addressed later in the study.

2.3 Superposing UEs with different spatial characteristics.
In [2] we are presenting a detailed analysis of superposition schemes and prioritization for MUST SI. The practical interest is to retain the current system scheduling flexibility, from this perspective it is important to consider all the current TMs as candidates for MUST so that the system benefits from this technology and not restricts itself. On the other hand, there are practical considerations which one should take into account. For example, it is natural to start with the investigation of MUST operation for same TMs, while in the second stage to focus on pairing of different TMs. Nevertheless, both CRS and DMRS TMs should be considered in the study with equal priority.

Proposal:

· CRS and DMRS techniques should be considered with equal priority

· Same TM pairing could be considered first, followed by different TM pairing. CRS and DMRS TM pairing is not precluded.

3
Scheduling strategies and baseline
Scheduling is typically an eNB implementation issue. For MUST technology the scheduling becomes more important as it might have a larger impact on the signalling design, depending on the receiver choice. For example, CWIC receiver might have different signalling needs if the UE is scheduled wideband or frequency selective. In the situation in which the MUST technology would be investigated for wideband allocation of superposed UEs, the choice of baseline should always be the best Release 12 operation, including frequency selective operation. 
Indeed, the scheduler behaviour cannot be mandated by specification, but rather the signalling support might exist only for wideband allocation for example. As the scheduler has the legacy choice of using frequency selective operation, this should be used as a baseline. 
In addition, the scheduling operation opens the question of power consumption for the superposed UEs in the sense that UEs scheduled wideband in MUST will experience performance degradation (at least for far UE), resulting in increased resource allocation for a longer period of time and frequency. This might have a negative impact on the battery life of the UE.
One of the previous releases MU-MIMO learning’s has been the fact that the possibility for dynamic switching between SU-MIMO and MU-MIMO is crucial for a good system performance. Therefore, seamless dynamic switching between MUST and SU-MIMO should be investigated.  

Observations:

· Wideband allocation of MUST UEs, while simplifying scheduling, might increase allocation and such impact the power consumption of the UE (especially if forced to the UE).
Proposals:

· Best Release 12 technology should be used as baseline in MUST, including frequency selective operation. 

· E.g. wideband MUST operation should be compared against frequency selective Release 12 technology (or wideband Release 12, if better than frequency selective).
· Dynamic switching between MUST and SU-MIMO should be investigated.
4
Receiver choices
So far two non-linear receiver structures have been discussed in previous LTE releases, that is RML and CWIC (SLIC has been also considered in NAICS). These receiver architectures should be considered in MUST, even that preliminary studies indicate that decoding of the Far UE is necessary and only detecting it may not be sufficient. There are certainly signaling advantages when utilizing RML as detection may rely also on the blind detection mechanisms developed in NAICS.

Proposals: 

· Study both RML and CWIC receivers.

· Make use of all the blind detection mechanisms endorsed in NAICS.
The number of spatial layers scheduled for the superposed UEs needs to be discussed as well. Considering that the main point in MUST is to pair UEs experiencing large SNR difference, it is low probability that a Far UE would require a higher number of layers, yet this cannot be necessarily excluded especially for open loop techniques. If the Far UE is utilizing a large number of layers, there is even a higher probability that the Near UE is having a similar operation. This would imply processing a total of 4 spatial-layers at the Near UE.

Proposal:

· A total number of 3 layers should be considered for MUST. 

· If more than 3 layers are investigated, send LS to RAN4 to evaluate the UE complexity impacts.
4.1 Impacts of superposed transmission to the Far UE
A main assumption for the Far UE receiver is that linear receiver is utilized and a non-linear receiver choice is not necessary. In order to utilise a non-linear receiver, the hearability of the Near UE transmission is needed for the Far UE. This is indeed unfeasible for power scaling based MUST techniques. Some spatial processing might be another choice for the Far UE, however the constraint of same precoder utilization for Near and Far UE, hence the lack of spatial separability, precludes such processing.  

The power split based MUST schemes would affect the Far UE’s link adaptation due to the power allocation and this is even more important as the Far UE is scheduled in more challenging conditions like cell edge. In addition, for selected power split levels, as more power is invested in the Near UE, this also becomes a source of interference for the Far UE. Such operation should be carefully considered in link investigations [5].
Proposal:

· Study the impact of MUST over the superposed UEs in link investigations.
4.2 Benefits/impacts of legacy UEs from superposed transmission
For power split based MUST, legacy UEs may be paired by making use of PA. This has several limitations: only a few power offsets are available {-6 dB, -4.77 dB, -3 dB, -1.77dB} , with perhaps only one value beying of practical intrest, that is -1.77 dB. In addition, the signalling of such power offsets, while UE specific, it is also semi-static. Obviosly, legacy UE may be served in QPSK with arbitrary power offset. 
Proposal:
· Strive to involve the legacy UE in MUST.
5
L2S mapping for RML and CWIC
The non-linear receivers L2S for system simulation purposes has been under discussion during NAICS WI. In [4], L2S models for CWIC, SLIC and RML receivers were proposed. The hard CWIC receiver modelling in system simulator is straightforward (under the assumption of perfect decoding of the far UE), therefore it can be used during MUST study item. However, we find an issue with RML modelling endorsed by 3GPP for NAICS and published in [3], where the RML IC efficiency seems not to depend on the correlation between the desired signal layer and interfering-layer equivalent channels which is of particular importance in MUST. Figure 1 shows BLER link curves with ML receiver, when signal-layer and interfering-layer channels are of correlation [image: image2.png]


 The MUST power split has been set to 0.2 for useful signal (Near UE) and 0.8 for interference (Far UE). Note that while for NAICS channel correlation is [image: image4.png]p<1



, for MUST according to SID it is always [image: image6.png]


. Based on our observation, performance of RML receiver is highly dependent on the correlation between the superposed channels. Therefore, if RML is to be used in MUST, the RML L2S model needs to be validated by link level simulations, before endorsing it for MUST SI. 
Proposal:
· Verify the validity of NAICS RML L2S model before being reused for MUST.
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Figure 1 Impact of channel correlation on IC capabilities of MaxLogMAP MLreceiver
6
Conclusions

In this contribution we have been presenting views with respect to the superposed transmission scenarios. The following proposals can be summarized.
Proposals: 

· Focus MUST studies on 2Tx and 4Tx at eNB.
· 8Tx configurations may be studied at a later stage, at least after 2 and 4Tx implications are understood.

· 1Tx is not of practical interest, in the best case it can be addressed later in the study.
· CRS and DMRS techniques should be considered with equal priority.
· Same TM pairing could be considered first, followed by different TM pairing. CRS and DMRS TM pairing is not precluded.

· Best Release 12 technology should be used as baseline in MUST, including frequency selective operation. 

· E.g. wideband MUST operation should be compared against frequency selective Release 12 technology (or wideband Release 12, if better than frequency selective).

· Dynamic switching between MUST and SU-MIMO should be investigated.
· Study both RML and CWIC receivers.

· Make use of all the blind detection mechanisms endorsed in NAICS.
· A total number of 3 layers should be considered for MUST. 

· If more than 3 layers are investigated, send LS to RAN4 to evaluate the UE complexity impacts.
· Study the impact of MUST over the superposed UEs in link investigations.
· Strive to involve the legacy UE in MUST.
· Verify the validity of NAICS RML L2S model before being reused for MUST.
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