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1. Introduction

Downlink superposition transmission in Rel 13 in [1] is defined as a scheme which allows multiple users to share the same resource elements without spatial separation. A number of potential PDSCH assistance information for different receiver structures for MUST category 1, 2 and 3 has been agreed in RAN1 #82bis:
· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far UE or near UE)
· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
· Modulation order of MUST paired UE 
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 
· Resource allocation of MUST paired UE 
· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 
· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
· Precoding vector(s) of MUST paired UE 
·  CWIC (available receiver type for near UE)
· The above potential assistance information for ML receiver
· TBS of MUST paired UE
· HARQ information of MUST  paired UE 
· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 
· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user
· MMSE-IRC (available receiver type for far UE)
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation
It has also been agreed in [2] that methods which may be considered for obtaining assistance information are: blind detection, signaling (higher layer signaling or dynamic signaling), tied to the UE’s scheduling information, or tied to specific UE assumption (e.g. UE assumes aligned resource allocation).

In this contribution, we present our understanding of potential enhancements to the assistance signalling at the eNB side to support downlink multiuser superposition. 

2. Potential Enhancements for Downlink Multiuser Superposition

The three categories of MUST transmission schemes could be relatively straightforward in concept. However even for those simple concepts, the complexity of MUST schemes has been raised significantly due to different combinations of transmission schemes, modulations, power allocations, UE receivers and also dynamic interference condition for network implementation. With assistance information for the UE to cancel/suppress MUST layer interference, the network also needs to know that MUST schemes can provide additional performance gain with given network conditions and scheduling constraints, and also support MUST scheme effectively with proper CSI feedback information. 

2.1. Feedback Enhancement for MUST 

In Rel 12 NAICS, the dominant interference could come from intra or inter site. A NAICS UE can try its best to cancel or suppress the interference blindly and/or using semi-static assistance information from the network. On the other hand, the scenarios for Rel 13 downlink superposition transmission focus on intra-cell multiuser transmission. The cancellation capability of near UE under MUST schemes are largely unknown so far by the eNB. Such ignorance may cause competition of near and far UEs for eNB PRB and power allocation, and a certain disruption of HARQ process.  

The information theory behind MUST schemes is to increase frequency or spatial reuse factor by creating more subchannels and “virtually” increase subchannels which do not interfere with each other. Therefore the interference cancellation capability of near UE is the most critical to ensure the whole MUST operation successfully. For example, in case of MUST category 2 transmission scheme with R-ML, any error of demodulation of far UE symbol at near UE may cause serious loss and retransmission of near UE data. 

Therefore a new mechanism is needed to develop better mutual understanding between the eNB and UE specific capability for interference cancellation/suppression and corresponding network conditions/constraints.  Current LTE feedback framework, for example in TM2, TM4 and TM9, hypothetical SU transmission is assumed at the UE side for deriving and reporting CSI at given transmission mode. UE specific interference suppression capability is considered as UE implementation and embedded within UE CSI reporting.  Since there are multiple candidate receivers and MUST schemes, current feedback hypothesis may need to be enhanced, for example MUST-type CSI feedback.  

Similar with conventional MU-MIMO which try to minimize inter-UE and inter-layer interference, MUST-type CSI reporting should target at minimizing the residual interference of far UE within a MUST layer and increasing the possibility of MUST UE pairing, for example hypothetical power splitting,  hypothetical MUST with given rank 1 PMI, etc. The derivation of MUST-CQI also should be based on MUST schemes as well. For example the effective SINR used in our companion paper [3] for SLS has implicitly considered the concept of MUST-type CSI for determining proper MUST MCS and other MUST related scheduling decisions due to power splitting and residual interference. Although it is feasible to use OLLA to slowly adapt to MUST schemes and conventional SU-type CSI, such a mechanism will greatly limit the potential gain of MUST schemes and increase the risk of eNB implementation of MUST schemes. Therefore the gain of MUST is expected to be much smaller in a real deployment, if without MUST-type CSI feedback enhancement.   

Observation: Ideal feedback assumptions may have implicitly used for determining MUST related scheduling decision, e.g. while calculating effective SINR for SLS. 

Proposal #1: New MUST-type CSI reporting is needed in order to minimize the risk of performance loss due to dynamic switching among SU, MU and MUST schemes. 

2.2.  Mixed TMs for MUST

Mixed superposed transmission modes under MUST are necessary due to required flexibility of eNB implementation. Otherwise the benefit and use case of downlink MUST are very restricted in a real implementation. When paired UEs are in different transmission modes during MUST transmission, the calculation of SINR at near UE with the legacy SINR calculation method assuming common transmission mode (e.g. TM2) without multi-user interference could be different from that with multi-user interference caused by different transmission modes (e.g. TM2+TM3). The near UE operating in MUST with advanced receiver may be required to take its interference cancellation capability into account when calculating and reporting CSI (RI/PMI/CQI). Different receiver structures may also handle single layer or multi-layer MUST differently.

Proposal #2: New MUST-type CSI reporting is needed to support mixed transmission modes of MUST schemes. 

3. Conclusions

In this contribution we have reviewed superposition transmission schemes and discussed downlink superposition transmission.  We have following observations and proposals:

[bookmark: _GoBack]Observation: Ideal feedback assumptions may have implicitly used for determining MUST related scheduling decision, e.g. while calculating effective SINR for SLS. 

Proposal #1: New MUST-type CSI reporting is needed in order to minimize the risk of performance loss due to dynamic switching among SU, MU and MUST schemes. 

Proposal #2: New MUST-type CSI reporting is needed to support mixed transmission modes of MUST schemes. 
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