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1. Introduction

In RAN1#82, MUST schemes and categorization were discussed and the following agreement was captured in chairman note. 

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

· R1-153044 (MediaTek), R1-153798 (Huawei), R1-153985 (Intel), R1-154282 (LGE), R1-154535 (NTT DoCoMo), R1-154701 (Xinwei)

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

· R1-153798 (Huawei), R1-154055 (ZTE), R1-154184 (Samsung), R1-154282 (LGE), R1-154454 (MediaTek), R1-154535 (NTT DoCoMo)

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

· R1-153798 (Huawei), R1-153891 (Qualcomm), R1-154656 (Nokia)
Regarding potential information that MUAT UE may require to cancel MUST interference, WF [1] was briefly discussed and in this contribution we continue to discuss it and signalling schemes.
2. Potential assistance information and signaling schemes
MUST transmission schemes in different categories may require different potential assistance information. In this contribution we focus on potential assistance information for Category 1. Potential assistance information for Category 2 would be a subset of it due to the fact that schemes in Category 2 cannot support different beam MUST. Also, some different assistance information may be needed for schemes in Category 3 since it may have less commonality with the Category 1 and 2.
In order to cancel/suppress MUST interference, near UE requires the following information, depending on its receiver types:
· Potential assistance information for ML receiver: 
· Existence of MUST interference
· Modulation order
· Power allocation
· Rsc allocation
· PDSCH RE mapping
· DMRS information, 
· TM (if mixed TM)
· PMI (if different beam)

· Potential assistance information for CWIC receiver: 
· The above potential assistance information for ML receiver 
· TBS
· HARQ information (RV, NDI)
· Parameters for descrambling and CRC checking for the PDSCH (CRNTI)
First of all, near UE should know the existence of MUST interference and which layers are MUST layers. It can be possibly derived from other assistance information such as power allocation. For example, it simply means no MUST interference that power allocation factor (e.g., 
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= desired data power/total transmit power) is 1. Also, if it is beneficial to support high order modulation of far UE such as 16QAM and 64QAM and to support dynamic flexible power allocation for near UE and far UE, they can be considered assistance information. In our companion contribution [2], we initially evaluates performance impact of power allocation optimization between MUST paired UEs. Furthermore, there are two aspects about far UE’s PDSCH RE mapping. First, it is related to PDSCH starting symbol. For example, in case of cross carrier scheduling in CA system, near UE and far UE have different starting symbol since one can follow PCFICH and the other can follow high layer signalled starting symbol, instead of PCFICH. As a result, even though MUST is always a single cell transmission, PDSCH starting symbol of near and far UE can be different. Second, it is related to the existence of DRMS RE of far UE when near UE and far UE are configured with TM2/3/4 and TM9, respectively. Even though near UE has ML receiver, incorrect cancellation at far UE’s DMRS RE could lead to performance degradation if far UE’s data modulation order is not QPSK.
Given that it may be common understanding that far UE does not try to cancel near UE’s data with ML/CWIC receiver, far UE does not require the above assistance information except for power allocation. If far UE’ data is modulated by QPSK, not being aware of power allocation probably has no performance impact but otherwise it has an impact.

Proposal 1: The above potential assistance information should be investigated and considered.

Information above can be blindly detected, signalled, or tied to near UE’s scheduling information, and one way is better than others, depending on information. For example, if modulation order of far UE is variable, it seems more desirable that it is blindly detected or dynamically signalled from eNB rather than tied to that of near UE, which causes too much UE scheduling restriction. Meanwhile, resource allocation can be hardly blindly detected but can be signalled or aligned with that of near UE. Also, importance of information depends on a receiver type. For instance, information on far UE’s resource allocation is critical to performance of CWIC but not to ML. Therefore, to determine how to provide each information to near UE, the following factors should be further studied

· BD feasibility

· Signalling overhead

· Scheduling restriction when assistance information is tied to near UE’s scheduling information
· Receiver types
Proposal 2: To determine how to provide assistance information to near UE, BD feasibility, signalling overhead, and scheduling restriction should be further studied, in conjunction with receiver types.

If dynamic signaling is needed to provide at least one of the above information to near UE, there would be three options: 
· Option 1: a near UE decodes a single DCI containing both assistance information and near UE’s scheduling information.
· Option 2: a near UE decodes a single DCI containing the assistance information.

· Option 3: a near UE overhears far UE’s DCI.
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In Option 1, near UE blindly decodes a DCI including not only its own scheduling information but also assistance information. Considering DCI payload size is limited by PDCCH coverage, it could be not enough to contain near UE’s scheduling information and assistance information together, if the payload size of assistance information to be signaled is large. If there is a large amount of assistance information to be signaled, Option 2 and 3 seems more appropriate in this sense. 
In Option 1, the number of DCI BD at near UE depends on the payload size of assistance information. If assistance information has small payload, when eNB conducts conventional SU/MU transmission zero padding in the new DCI can be used so that near UE tries to decode two DCI formats (i.e., a new DCI format and conventional DCI format 1A). If assistance information has a large payload, when eNB conducts conventional SU/MU transmission it seems desirable to fall back to conventional DCI format to avoid wasting DL resource. As a result, near UE tries to decode three DCI formats (i.e., a new DCI format and conventional two DCI formats). 
In Option 2, near UE blindly decodes not only conventional DCI including its own scheduling information but also a new DCI including assistance information. In this case, it should try to decode three DCI formats (i.e., a new DCI format and conventional two DCI formats), increasing DCI BD overhead.
In Option 3, near UE blindly decodes not only its own DCI including its own scheduling information but also far UE’s DCI. In this way, signaling overhead can be minimized. If some assistance information cannot be found in far UE’s DCI such as power allocation or TM, etc., then it can be also added in the DCI including its own scheduling information. To decode far UE’s DCI, near UE has to know the search space and the CRC masking corresponding to the DCI, which are determined with C-RNTI of a scheduled UE. Therefore, C-RNTI of far UE may be needed to signal to near UE. To reduce signalling overhead due to C-RNTI, eNB can provide set of C-RNTI candidates through higher-layer signalling in advance and dynamically signal C-RNTI of far UE from the set. Given that near UE geometry is better than far UE, near UE is able to decode far UE’s DCI with FER less than 0.01. Instead of signalling C-RNTI of far UE, a new C-RNTI can be introduced, which is reserved for MUST and which we call MUST C-RNTI. In this way, the search space and the CRC masking corresponding to far UE’s DCI are determined with MUST C-RNTI, which is known to near UE and far UE. Regarding DCI BD overhead, near UE should try to decode three DCI formats (i.e., far UE’s DCI format and conventional two DCI formats).
Proposal 3: If dynamic signaling is needed to provide assistance information to near UE, the three options can be investigated as a good starting point.
3. Conclusion
In this contribution, we discussed potential assistance information and signaling schemes. The proposals based on the discussion are given as follow:

Proposal 1: The above potential assistance information should be investigated and considered.

Proposal 2: To determine how to provide assistance information to near UE, BD feasibility, signalling overhead, and scheduling restriction should be further studied, in conjunction with receiver types.

Proposal 3: If dynamic signaling is needed to provide assistance information to near UE, the three options can be investigated as a good starting point.
______________________________________________________________________
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