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Introduction
In RAN1#84bis, the candidate assistance information for signalling or blind detection by the MUST-near UE was agreed [1].

	Agreement:
· For MUST case 1 and case 2, the candidate assistance information for signalling or blind detection by the MUST-near UE include:
· Existence of MUST interference per spatial layer 
· Transmission power allocation per spatial layer of its PDSCH and of the MUST-far UE’s PDSCH
· Modulation order of each codeword of MUST paired UE’s PDSCH
· This information is only needed if modulation order of MUST-far UEs is not limited to QPSK
· For MUST case 3, in addition to the above:
· PMI or DMRS port/sequence of the MUST-paired UE
· Each of the above may be either:
· per PRB, or
· per group of PRBs, or
· single value across the UE’s scheduled bandwidth




In RAN1#84bis, it was further agreed to consider the following scenarios of co-scheduled UEs [1]: 

	Agreements:
For all MUST evaluations (cases 1, 2 & 3):
•For 2Tx & Case 1 and 2, up to two co-scheduled UEs per spatial layer are considered
•For 2Tx & Case 3, up to two co-scheduled UEs within a cell are considered
•For 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are considered
Note that the above scheduling options may be considered per PRB, per group of PRBs, or per scheduled UE’s bandwidth









In this contribution, we discuss the existence of MUST interference and transmission power allocation aspects for Case 1 with up to two co-scheduled UEs per spatial layer.

Discussion

Existence of MUST interference per spatial layer






[bookmark: _GoBack]When MIMO is combined with MUST, multiple data layers could be superposed in one spatial layer. Figure 1 illustrates the principle of Single User MIMO (SU-MIMO) combined with MUST for the case of , and  where , and  denote number of transmission layers, number of transmit antennas and number of receive antennas respectively. In this example, each UE (UE1: MUST-Near UE or UE2: MUST-Far UE) is scheduled to receive two spatial layers. In each spatial layer of a given UE, two data layers one of which is intended for it and another intended for the other UE are superposed. 

[image: ]

[bookmark: _Ref443644649]Figure 1 MUST combined with SU-MIMO

According to the current agreement for Case 1, up to two co-scheduled data layers could be superposed on a single spatial layer or beam as long as they use the same precoding vector. As such, UEs with different rank, which is the maximum number of independent spatial layers, could be co-scheduled as long as one UE uses a subset of precoding vectors used by the other UE. For example, a rank-1 UE2 could use either one of the two precoding vectors used by a rank-2 UE1 as illustrated in Figure 2. 

[image: ]
(a)
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(b)
[bookmark: _Ref443653626]Figure 2 MUST with same precoding vector restriction: (a) UE2’s data layer superposed with UE1’s data layer in spatial layer 1; (b) UE2’s data layer superposed with UE1’s data layer in spatial layer 2.




In general, if precoding matrices of UE1 and UE2 are expressed as  and , where R1 and R2 are the ranks of UE1 and UE2 respectively, UE1 and UE2 could be superposed as long as , where 1 ≤ cj ≤ R1, 1 ≤ dj ≤ R2 and R ≤ min(R1, R2). Since MUST-Near UE1 is expected to cancel the interference from MUST-Far UE2, it may need to know the spatial layers that have been used by the BS for MUST transmission for the case where R2< R1. Dynamic signaling of interfering layers could be feasible in case if the same subset of precoding vector(s) is used across all PRBs within the MUST-Near UE’s scheduled bandwidth (i.e. wideband). Otherwise, dynamic signaling of existence of interference is required per PRB basis and it may not be feasible. In this case, blind detection would be more appropriate especially if the transmission power is split equally among transmission layers  as then the existence of interference per spatial layer could be blindly detected knowing the transmission power split in that PRB. 

Observation 1: MUST-Near UE may need to know the spatial layers that have been used by the BS for MUST transmission for the case where rank of MUST-Near UE is greater than that of MUST-Far UE.

Transmission power split
According to current the LTE specification, wideband modulation and coding (MCS) is applied over all the subbands allocated to a user although subband scheduling is used to achieve multi-user diversity gain through frequency selective scheduling. For MUST, on the other hand, it has been concluded in section 7 of MUST TR 36.885 [2] that wideband scheduling is more beneficial for MUST schemes compared to subband scheduling in terms of user perceived throughput. It is observed that such reduction in user throughput may be due to the increased mismatch between wideband MCS and subband based power split especially as the number of subbands increases. 
If transmission power split is allowed to be different at different PRBs, it either leads to significant increase in signaling overhead or poor blind detection performance neither of which can be justified given that PRB based power split will only lead to reduced user perceived throughput. Therefore it appears that wideband transmission power allocation would be more appropriate for MUST. 

Observation 2: Wideband transmission power allocation would be more appropriate for MUST.


Additional assistance information
How the eNB scheduler decides which UE is transmitted with lower power between the two co-scheduled UEs is an eNB implementation issue. However, at least the MUST-Near UE is required to estimate and suppress intra-cell interference due to MUST operation on subframe basis. As such, eNB signaling of MUST or non-MUST operation on subframe basis could be beneficial to the MUST-Near UE as it leads to:

· Less UE power consumption as interference cancellation functions only executed whenever necessary.
· Better UE performance as interference cancellation is attempted only whenever necessary.

Observation 3: eNB signalling of MUST or non-MUST operation on subframe basis could be beneficial to at least the MUST-Near UE.


Resource allocation information for intra-cell interference cancellation will not be required at the MUST-Near UE, if:
· There is only one MUST-Far UE co-scheduled within the MUST-Near UEs scheduled bandwidth such that the resourced are completely overlapping, OR
· There are multiple co-scheduled MUST-Far UEs completely occupying the MUST-Near UEs scheduled bandwidth and all co-scheduled MUST-Far UEs use the same subset of precoding vectors, modulation and power ratio values.
In all other cases, the MUST-Near UE is required to know boundary information of different MUST-Far UEs. For such cases, eNB assistance signaling of MUST resource allocation information would be required even for R-ML type receiver. 

Observation 4: eNB signalling of MUST resource allocation would be required if co-scheduled MUST-Far UEs, within the scheduled bandwidth of MUST-Near UE, do not use the same precoding vectors, modulation and power ratio values.


Conclusion
In this contribution, following observations are made:
Observation 1: MUST-Near UE may need to know the spatial layers that have been used by the BS for MUST transmission for the case where rank of MUST-Near UE is greater than that of MUST-Far UE.

Observation 2: Wideband transmission power allocation would be more appropriate for MUST.

Observation 3: eNB signalling of MUST or non-MUST operation on subframe basis could be beneficial to at least the MUST-Near UE.

Observation 4: eNB signalling of MUST resource allocation would be required if co-scheduled MUST-Far UEs, within the scheduled bandwidth of MUST-Near UE, do not use the same precoding vectors, modulation and power ratio values.
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