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1. Introduction
The work item on downlink superposition transmission includes the following objectives:
· (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
· Down-selection should be further discussed in RAN1.
· (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.
· The configuration of downlink multiuser superposition transmission.

· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.
2. Discussion
If it is concluded in RAN4 that assistance information cannot be blindly decoded, explicit eNB signaling of assistance information is required. Assistance information can be 

· Alt-1:  Explicitly transmitted,  separated from the intended UE’s own control information
· Alt-2:  Explicitly transmitted,  jointly with the intended UE’s own control information

With alt-1, UE decodes DCI format A carrying only its own scheduling information and DCI format B carrying only co-scheduled UE information (e.g. assistance information). First of all, decoding two separate PDCCH messages increases UE complexity and power consumption. Secondly, if the UE decodes DCI A and DCI B in a serial manner, the amount of time available for PDCCH/PDSCH processing will be reduced correspondingly. This is undesirable, especially considering that interference suppression/cancellation is more time consuming than a legacy receiver. Last but not least, PDCCH overhead is increased with this alternative, which is more problematic in high-load scenarios where most MUST performance gain is found. Based on these considerations, this alternative is not preferred.
With alt-2, assistance information is to be piggybacked with the intended user’s self information in a single PDCCH message. Control overhead increase depends on the amount of assistance information needed. If UE blind decoding from a smaller set of RRC configured parameters is feasible from RAN4 study, limiting the control overhead increase is possible. 
The number of users with active data, their buffer status and channel information are all dynamic variables that may change from subframe from subframe. Flexible eNB scheduler is vital to cope with such system dynamics to retain robust network performance. In particular, the control signaling shall allow dynamic switching between non-MUST transmission (not requiring assistance information) and MUST transmission (requiring assistance information). This can be achieved by:
· UE monitoring different DCI formats, each tailored to a different transmission scheme (e.g. non-MUST DCI without assistance information, and MUST DCI with assistance information); or 

· UE monitoring a single DCI format always comprising assistance information, which allows the UE to switch between MUST and non-MUST transmission. Some control information (e.g. assistance information for MUST co-scheduled UE) may not be needed if eNB schedules non-MUST transmission, but it can be disregarded by the MUST UE if interference suppression is not to be conducted. 
The first alternative suffers the same PDCCH decoding complexity and overhead issue. The second alternative comes at the disadvantage of slightly higher overhead, but significantly reduces PDCCH decoding complexity, simplifies eNB/UE implementation. Therefore, the second alternative is preferred. 
Proposal:  
· A MUST UE monitors one DCI format in any DL subframe, which always comprises assistance information.
In order to achieve robust system performance, CQI used for link adaptation/scheduling should match the actual SNR experienced by PDSCH. Assuming the eNB is aware of both CQI without MUST and CQI with MUST, the eNB is going to make a scheduling decision to determine whether the UE shall be scheduled in MUST mode or not, and use the corresponding SNR to choose the appropriate MCS. If the SNR experienced by PDSCH is not aligned with CQI used for MCS selection, there is a risk of MCS under-estimation or over-estimation. MUST performance gain may be lost or even worse than Rel.13 baseline. For instance:
· eNB assumes MUST pairing and successful MUST operation, and assigns a high MCS. However, UE PDSCH demodulation experiences lower SNR value, due to e.g.  

· UE failing to detect the presence of far UE and falling back to legacy non-MUST receiver; or
· Unsuccessful interference suppression/cancellation, due to incorrect assistance information from blind estimation (e.g. power ratio).
· eNB assumes non-MUST transmission (no co-scheduled UE). The UE falsely detects the presence of far UE, and uses MUST receiver with invalid interference parameter to perform PDSCH decoding, which causes degraded throughput.
In either case, the scheduled MCS and the actual PDSCH SNR will be mismatched and causing performance degradation. The root cause is that the transmission mode (e.g. MUST vs. non-MUST) scheduled by eNB may be misaligned with the UE assumed transmission mode. This mismatch can be eliminated if the eNB can explicitly indicate to the UE about the presence/absence of co-scheduled UE, or whether UE shall use MUST receiver or not. If co-scheduled UE is not present, UE should fall back to legacy receiver and disregard the assistance information in the PDCCH.
Proposal:  DCI for MUST scheduling indicate to the UE whether it shall use the assistance information for interference cancellation/suppression.

3. Conclusions

In this contribution we discussed signalling support for DL superposition transmission. Based on the discussion, our current views are summarized in the following.
Proposal:  

· A MUST UE monitors one DCI format in any DL subframe, which always comprises assistance information parameter.

· DCI for MUST scheduling indicate to the UE whether it shall use the assistance information for interference cancellation/suppression.
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