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1 Introduction
The MUST work item expands on what was investigated in the MUST study to consider specifying superposed PDSCHs that use different spatial precoding [1]:

The work item is to specify necessary mechanisms to enable LTE to support downlink intra-cell multiuser superposition transmission for PDSCH with assistance information from serving eNB to a UE regarding its experienced intra-cell interference. A MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 
This contribution considers this possible new MUST-MU-MIMO hybrid, outlining its use cases and implications on UE complexity.   Recommendations of parameters for blind detection that maximize MUST performance and scheduler efficiency are given to allow evaluations of the different schemes possible within the WID.
2 Discussion
2.1 Hybrid MUST & MU-MIMO Implications and Use Cases

MUST can be generalized as a special case of MU-MIMO where eNB need not always suppress interference among coscheduled UEs, and can transmit using the same as well as different spatial precoding (i.e, in the same as well as different “beams”).  If Rel-13 PDSCH transmission is used, the UE uses a nonlinear receiver to suppress the coscheduled interfering PDSCH at least when the same spatial precoding is used, and such a receiver may also be used to improve performance when eNB can’t sufficiently suppress interference with different precoding.  Alternatively, same-precoder operation can be supported by co-modulating UE’s channel bits (‘bit-level superposition’) with Rel-13 modulation schemes, in which case an advanced receiver may not be needed.
However, either approach to hybrid MUST-MU-MIMO transmission is fundamentally different than conventional MU-MIMO which assumes that the same precoding is not allowed. The hybrid scheme requires a nonlinear receiver and/or bit level superposition transmission, whereas conventional MU-MIMO allows a UE to use either a linear or a non-linear receiver and conventional modulation to separate coscheduled UEs.  MU-MIMO operation with many antennas and good CSI is not likely to benefit from non-linear reception, nor from superposition in the power domain, since the eNB can suppress the mutual interference.  Furthermore, UEs with more receive antennas are additionally required to use nonlinear reception or MUST modulation to separate same-precoder interference, whereas the complexity of more receive antennas could be used to reduce the need for more complex non-linear reception otherwise.  

On the other hand, when there is a small number of antennas (say one or two), MU-MIMO has little gain, and same-precoder MUST is more promising.  Therefore, MU-MIMO and MUST seem to apply to different use cases, and combining the two requires a UE to combine functionality that does not necessarily need to be combined.  This consideration is reflected in the WID, where 2 CRS port operation with same precoder and same transmit diversity will be specified, and the different precoder case will be evaluated, and then only if found beneficial, specified. 
Observations:

Use cases for hybrid MUST-MU-MIMO transmission should be carefully studied
· Generalizing (same-precoder) MUST to use different precoders is fundamentally different than MU-MIMO

· The UE must use a non-linear receiver and/or bit level superposition is needed.

· MU-MIMO and (same-precoder) MUST target different use cases

· MU-MIMO is suited for a larger number of Tx antennas, while (same-precoder) MUST works best with one or 2 Tx antennas

2.2 Blind Detection for Efficient MUST Operation and Maximum Scheduler Flexibility

In order for UEs to be suitable to be scheduled for same-precoder MUST, they need to meet two requirements: they are sufficiently different in power in order for interference cancellation to work, and they need to be sufficiently close spatially such that the same precoder can apply.  This means that multi-user pairing in MUST is more challenging that MU-MIMO. This factor that drove much of the discussion during the MUST study, leading to exploration of high traffic loads, investigation of MUST for PMCH, as well as relaxing the same precoder constraint.  
Given maximizing the opportunities for multi-user pairing is the primary driving factor in MUST designs, it is essential to have maximum scheduler flexibility for the best performance.  UEs should be able to be paired as flexibly as possible regardless of their scheduling bandwidth or occupied PRBs, transmission scheme, rank, modulation state, power, etc.  Since dynamic signaling of many parameters is likely to have prohibitive amounts of PDCCH overhead or heavy scheduler restrictions, this leads to the requirement in the MUST WID to specify assistance information for an R-ML receiver, and the step of identifying parameter combinations that can be blindly detected.
Since the MUST work will evaluate the benefits of 4 CRS ports as well as up to 8 Tx DMRS-based schemes, it is necessary to consider blind detection for a variety of parameter combinations.  Given the need for maximum scheduler flexibility, RAN4 should evaluate a wide variety of blind detection parameters.  The parameters and assumptions used in NAICS represent a reasonable starting point, but since only the serving cell is relevant, we can exclude detection of neighbor cell related parameters, such as Cell ID, MBSFN configuration, PB, CRS ports, etc. At least the following should be evaluated by RAN4 for blind detection feasibility:
Proposal:

Request RAN4 to determine the feasibility of:

· Blindly detect independently per PRB the following combinations, according to the listed configurations:
· For 2 and 4 CRS ports and up to 8 CSI-RS ports:
· PDSCH presence, PMI, RI, modulation state

· Power offset between all coscheduled PDSCH layers
· For 4 CRS ports, in addition to parameters for 2 CRS ports

· Identify if codebook subset restriction enables 4 CRS blind detection feasibility for the large delay CDD and/or the closed loop spatial multiplexing transmission scheme.
3 Conclusion
This contribution considered the possible new MUST-MU-MIMO hybrid included in the WID, outlining its use cases and implications on UE complexity.   Considering that maximizing the opportunities for multi-user pairing is the primary driving factor in MUST designs, recommendations of parameters for blind detection that maximize MUST performance and scheduler efficiency are given to allow evaluations of the different schemes possible within the WID.  The following observations and proposal are made:
Observations:

Use cases for hybrid MUST-MU-MIMO transmission should be carefully studied

· Generalizing (same-precoder) MUST to use different precoders is fundamentally different than MU-MIMO

· The UE must use a non-linear receiver and/or bit level superposition is needed.

· MU-MIMO and (same-precoder) MUST target different use cases

· MU-MIMO is suited for a larger number of Tx antennas, while (same-precoder) MUST works best with one or 2 Tx antennas

Proposal:

Request RAN4 to determine the feasibility of:

· Blindly detect independently per PRB the following combinations, according to the listed configurations:

· For 2 and 4 CRS ports and up to 8 CSI-RS ports:

· PDSCH presence, PMI, RI, modulation state

· Power offset between all coscheduled PDSCH layers

· For 4 CRS ports, in addition to parameters for 2 CRS ports

· Identify if codebook subset restriction enables 4 CRS blind detection feasibility for the large delay CDD and/or the closed loop spatial multiplexing transmission scheme.
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