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1. Introduction
It was agreed in RAN1#82 to summarize the following categories of MUST schemes in the TR. 
Agreement:

· Multiuser superposition transmission schemes can be categorized as follows

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

Corresponding to each category of MUST schemes, some standard enhancements may be needed. In this contribution we briefly discuss these potential enhancement aspects. 
2. Discussion
2.1. Interference parameter signaling 
MUST superposition is inherently very similar to the NAICS feature standardized in Rel.12, except that interference arises from intra-cell interference as opposed to inter-cell interference in NAICS. From this perspective, many existing interference parameter signalling mechanism for NAICS can be readily reused for MUST with very limited (if any) specification efforts. To avoid unnecessary duplication of functionalities, discussion of specification enhancement for MUST should consider existing NAICS feature and only introduce new signaling mechanism if sufficient performance benefits can be found. 
Observation: MUST enhancement should consider reusing existing NAICS feature as much as possible. 

For category 1 and 2, the transmit power from the eNB is split between two component constellations, corresponding to the near UE and far UE respectively. To enable proper PDSCH demodulation, information of power splitting may be needed.
For CRS-based mode in the current specification, PDSCH-to-CRS EPRE ratio is semi-statically signalled by RRC parameter 
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. When MUST superposition is scheduled, an additional power offset (e.g. 
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) may be signalled to indicate the power reduction compared to non-MUST scenario. This power offset can be signalled dynamically in L1 if the intended UE is the near UE. Otherwise if the intended UE is the far UE, or the intended UE is not scheduled in MUST at all, the power offset does not need to be signalled. Alternatively, if UE blind decoding is sufficiently reliable to detect the actual power offset, it is possible to reuse the NAICS feature, semi-statically configure a set of power offset values {
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, …} and rely on UE blind decoding to detect the actual power offset. This feature is already supported in Rel.12 NAICS and therefore no additional standardization is expected. 
For DMRS-based mode, because DMRS and PDSCH are precoded with the same beamforming vector and observe the same precoded channel, two UEs in MUST superposition should share the same DMRS antenna port to reduce DMRS overhead. In Rel.12, PDSCH-to-DMRS EPRE ratio is implicitly derived from the transmission rank. For DMRS-based MUST, similar to CRS-based scenario, an additional power offset value 
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may be dynamically signalled in L1, or a set of RRC configured power offset values can be configured to the UE without dynamic signalling. Alternatively if two UEs are assigned different DMRS antenna ports, power offset signaling is not needed. However the need of using different DMRS ports is unclear at this moment.   
The modulation order of the far UE needs to be known to the near UE if the near UE is scheduled  to cancel/suppress the intra-cell interference (e.g. SLIC type of receiver). Again the modulation order of the far UE may be signalled dynamically. However, it is noted that the same purpose can alternatively be achieved by relying on UE blind decoding of the interference modulation order from a set of RRC configured modulation candidates, which is available from Rel.12 NAICS. Hence it is worthwhile to study whether dynamic signaling of modulation order is really necessary. It is noted that from the Rel.12 NAICS studies, interference modulation order blind detection is very reliable even for inter-cell interference which is generally not as strong as the target PDSCH. For intra-cell interference arising from far UE’s signal in MUST superposition (which is much stronger than the target PDSCH of the near UE), blind decoding of modulation order should be even more reliable than NAICS. From this perspective, L1 interference modulation order signaling does not seem to be necessary.
The occurrence of interference is bursty and varies from subframe-to-subframe. A UE may be scheduled in non-MUST in one subframe (without interference cancellation) and MUST in another subframe (with interference cancellation). Furthermore, “near” and “far” are all relative terms; a UE may be a “near” UE in one subframe when scheduled with a farther UE, and become a “far” UE in the next subframe when scheduled with a nearer UE. Hence the UE behavior of interference cancellation may change on a per-subframe basis. If RRC configuration of interference parameter subset is to be considered in MUST, it may be beneficial to study a mechanism to turn ON/OFF UE blind decoding dynamically, to avoid unnecessary UE blind decoding and ensuing computation. 
For Category 3, it is expected that the composite constellation is jointly processed at each UE and thus no power signaling is needed. On the other hand the number of assigned coded bits in the composite constellation needs to be signalled to each UE. It might also be necessary to indicate the indices of the assigned bits in the composite constellation, depending on the details of Category 3. 
In terms of signaling granularity, per-band/per-PRB signaling is obviously unacceptable from the overhead perspective, so wideband signaling should be a starting point. In the spatial domain, interference parameter may be signalled on a per codeword level, assuming at most rank-2 for MUST.
The above discussion is based on the assumption of same TM superposition. For mixed TM superposition, signaling details are more complicated and require more studies. 

2.2. CSI enhancement

In the current CSI feedback framework in LTE, a UE measures the downlink channel/interference and reports the CSI based on SU-MIMO transmission hypothesis. For MUST, the downlink transmission is essentially intra-cell MU-MIMO with potentially unequal power splitting, and therefore the SU-MIMO hypothesis for CSI is different from the MU-MIMO property of PDSCH. It may be argued from this perspective that CSI enhancement is needed so that the reported CSI better reflect the SNR characteristics of the actual PDSCH. 

However, it is still possible for proper eNB link adaptation to infer the actual post-decoding SNR from SU-MIMO CSI report. It is noted that the issue is very much similar to the MU-MIMO CSI enhancement discussion since Rel.10, as well as CSI enhancement for Rel.12 NAICS, where no sufficient gain from CSI enhancement was found. Hence potential benefits of CSI enhancement for MUST require further study, especially under system-level simulation. 
3. Conclusions

In this contribution we briefly discussed the potential standard impacts of downlink superposition transmission. 
Observation: 
· Standard enhancements for MUST should consider reusing existing NAICS feature as much as possible. 

Conclusion: 
· Potential signaling for MUST includes modulations order, power offset, ON/OFF of interference processing, which may be based on L1 or RRC signaling.
· MUST signalling can be wideband and per-codeword.

· CSI enhancement for MUST requires further study.
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