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1	Introduction
In the 3GPP TSG RAN Meeting #71 a MUST WID [1] has been approved. According to the WID, 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. 

Furthermore, the WID [1] has down-selected CASE-1 and CASE-2 schemes, operating on 2Tx, to MUST Category 2 only, i.e. same beam operation with Gray labelled super-constellation and RML receiver. 
In the previous RAN1 meeting #86bis, the following has been agreed 
Agreements:
· MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2
· single DCI by adding bits of wideband power ratio and interference presence in the self DCI is supported
· FFS case 3
· FFS MUST operation without RA alignment of interference within near-UE allocation is supported 
· two DCIs are supported
· FFS on content of two DCIs
· Aim for minimizing specification impact and reducing complexity

In this paper, we discuss the need for support of MUST operation without RA alignment of interference in Section 2. In Section 3, the details on operation of the two-step DCI design enabling MUST CASE1-3 operation without RA alignment of interference are presented. 
2 	Performance Comparison of WB and SB scheduling
In the last meeting of MUST study item very few companies showed performance with both WB and SB scheduling modes, and the gains were very diverse.  However, in [3] both Category 1 (CWIC) and Category 2 (RML) results with both scheduling modes were presented, and in [4] Category 1 (CWIC) results were presented. These results allow for the direct comparison of gains between these scheduling modes. 

In Table 1 and 2 the FTP1 results from [3] for category 2 with RML are summarized. It can be noticed that with similar RU the SB scheduling performs significantly worse than WB scheduling, and similar can be observed for Category 1 MUST in [3]. 


Table 1 WB scheduling with RML Category 2
	Source
	RU
	lambda
	served/offered
	Mean gain [%]
	Coverage gain
[%]

	R1-156430
	60
	8
	99
	7.64
	14.24

	R1-156430
	80
	10
	99
	10.69
	23.49

	R1-156430
	83
	10.8
	98.5
	14.6
	24.63





Table 2 SB scheduling with RML Category 2
	Source
	RU
	lambda
	served/offered
	Mean gain [%]
	Coverage gain
[%]

	R1-156430
	61
	9
	99
	2.51
	3.16

	R1-156430
	78
	10.8
	99
	10.64
	13.77

	R1-156430
	87
	12.2
	99
	10.4
	16.65




Table 3 and 4 show FTP1 results from [4] for Category 1 with CWIC and WB/SB scheduling. The gains with SB scheduling are significantly lower compared to WB scheduling, and can be even negative. 


Table 1 WB scheduling with RML Category 2
	Source
	RU
	lambda
	served/offered
	Mean gain [%]
	Coverage gain
[%]

	R1-157191
	54.8
	9
	99.7
	7.23
	14.88

	R1-157191
	76.6
	11
	99.24
	20.23
	30.65





Table 2 SB scheduling with RML Category 2
	Source
	RU
	lambda
	served/offered
	Mean gain [%]
	Coverage gain
[%]

	R1-157191
	59
	10
	99.7
	-1.94
	-0.29

	R1-157191
	82
	13
	99.33
	4.25
	16.38

	R1-157191
	86.9
	14
	99.2
	6.12
	16.24




Observation-1: MUST Case 1/2 gains with SB scheduling are significantly lower than with WB scheduling.

The MUST Case 1/2 multiplexing gain depends on the difference between the CQI/SINRs of paired UEs. Wideband CQI is an averaged subband CQI, and both stem from the same geometry of the simulated scenario. Therefore, the same capacity gain of MUST is available in case of WB and SB scheduling. Given the observation above, it is obvious that scheduling restrictions forcing the RA alignment in SB scheduling, as shown e.g. in [3], have significant impact on the performance of MUST CASE1/2.

Furthermore, in MUST Case 3 the legacy MU-MIMO operating on DMRS supports currently sub-band scheduling without RA alignment. Therefore, such a restriction should be avoided when designing the assistance for MUST Case 3. 

Proposal-1:  MUST Case 1/2/3 operation without RA alignment of interference within near-UE allocation is supported. 

3 	Common Network Assistance DCI 


In this section, we propose a network assistance (NA) common DCI design for MUST CASE1-3.

3.1 Common Network Assistance DCI for MUST CASE1&2

In the previous meetings, the agreements for MUST CASE1/2 have been made on some restrictions of supported TMs for MUST CASE1/2, and the modulation scheme is limited to QPSK for MUST-far UE.

[bookmark: _GoBack]To enable the flexible pairing of UEs served in MUST CASE1/2, the misaligned resource allocations of the paired MUST-near UE and MUST-far UE should be supported. This implies that interference across the near-UE allocation does not need to be aligned/consistent. Flexible pairing allows each MUST-near UE to be paired with different MUST-far UEs and different power-ratios over different PRBs/RBGs or sub-bands per spatial layer. In addition, the MUST-near UE may be served also in SU-MIMO over subset of allocated PRBs/RBGs. In order to support above flexible pairing, additional assistance of MUST-far UE resource allocation is required. 

Observation-2: To support MUST operation without RA alignment of interference within MUST-near UE, additional assistance of MUST-far UEs RA is required at the near-UE.

Herein, we propose a common NA DCI design for MUST CASE1/2, which is an efficient and feasible way of providing assistance of the MUST-far UEs RA to the MUST-near UEs. The common NA DCI consists of the essential NAI of all MUST-far UEs which are not aligned with a MUST-near UEs. The signalling includes at least:
Resource allocation: with scheduling granularity of 6PRBs or 12PRBs and the bandwidth up to 20MHz.
Power ratio indication: 2 bits including 3 power ratios agree in the previous meeting.

Proposal-2: The common assistance DCI for MUST Case 1/2 contains at least following information for each MUST-far UE not aligned in RA with a near-UE:
· Resource allocation (RA)
· Power Ratio Indication (PRI)


In addition, a MUST-near UE is informed by the first-step DCI, i.e. its own DCI, through e.g. two extra bits added to indicate whether it is paired in MUST or not, and whether the interference is aligned or not, and based on this information it would know whether to decode the common NA DCI or not. This resulting in power savings, in case the interference is aligned/ consistent. By decoding the common NA DCI, MUST-near UE could identify (comparing own RA with the MUST-far UEs RAs) which MUST-far UE is co-scheduled/paired and on which PRBs/sub-bands.

Proposal-3: For MUST Case1/2, the first-step DCI, i.e. the MUST-near UE’s self DCI, contains additional information on whether the MUST-near UE is paired in MUST or not, and whether the interference is aligned or not. In case the interference is present and not aligned/consistent, MUST-near UE reads and decodes the common NA DCI.

The common NA DCI is configured to the MUST-near UEs and can be transmitted either in the common search space or the UE-specific search space. The required number of bits per each MUST-far UE could be approximately ~14, which depends on the sub-band granularity and the final design of the content. If the number of paired MUST-far UEs in a subframe is up to 2~3, therefore, with zero padding, the common NA DCI format size could be the same as DCI format 0/1A. Hence, the MUST-near UE does not need to perform any extra blind decoding to detect the common NA DCI transmitted in the CSS. If the number of paired MUST-far UEs is up to 4~5, the payload of the common NA DCI could involve up to 86 uncoded bits, which could be transmitted using AL8 and consume half of the available resources in the CSS. In this case, the common NA DCI could alternatively be also located in the USS hashed from the common NA DCI RNTI or located at the predetermined search-space candidate.

Proposal-4: The common assistance DCI is configured to the MUST-near UEs.



3.2 Common Network Assistance DCI for MUST CASE3


For MUST CASE3, the following has been agreed:
· For DMRS based Case 3, support multiuser superposition transmission with orthogonal ports
· FFS non-orthogonal ports
· DMRS-based Case 3 is supported in 
· TM 8/9/10


MUST Case 3 is different from Case 1, because in Case 3 the UEs are paired with different spatial precoders. Spatial separation implies that power difference between the paired UE does not need to be significant and also users with similar CQIs can be paired, similarly as in legacy MU-MIMO. Therefore, the MO limitation of using QPSK only will no longer exist in MUST CASE3. In addition the power offset between the paired UEs in DMRS-based MUST CASE3 is implicitly obtained from DMRS ports. Therefore, only MO of the interfering UE should be signalled to the served UE for interference cancellation.
 
In addition, the interference presence, whether on a wideband or on a PRB/RBG basis, as well as the DMRS port and scrambling identity of the interfering UE, could be either signalled or blindly detected by the serving UE. Without signaling the DMRS port and scrambling identity of the interfering UE, there could be up to 4 hypotheses for OCC=2 and up to 10 hypotheses for OCC=4 for the serving UE with rank 1 (as shown in Table 1 in the Appendix) and up to 9 hypotheses for OCC=4 for the serving UE with rank 2 (as shown in Table 2 in the Appendix). Since the blind detection granularity depends on the scheduling granularity, these would complicate the blind detection and could degrade the interference cancellation at the serving UE. Furthermore, since the R-ML receiver at MUST CASE3 UEs requires good channel estimation, which could be impaired with non-orthogonal DMRS ports, therefore, only orthogonal DMRS ports should be supported for DMRS-based MUST CASE3 pairing. 

Observation-3: The layers paired using MUST CASE 3 should be transmitted only on orthogonal DMRS ports, i.e. using the same nSCID.  

Observation-4: For MUST CASE 3 in DMRS-based TMs, blind detection of MUST interference presence results in up to 10 hypotheses per PRB/RBG/sub-band, thus, high complexity.

Indication of the DMRS ports, RA, etc. assistance information could also be performed using the common NA DCI, with a two-step DCI design. The common NA DCI for MUST CASE3 should therefore consist of all MUST paired/interfering UEs which are not aligned in RA, and for each the information should include DMRS ports, scrambling identity, RA and MO. Scrambling identity (nSCID) of far-UE is required for near-UE to identify whether the far-UE should be cancelled or not.

Hence, each MUST interfering UE within the common NA DCI should include:
· Modulation Order (MO): Two bits for each MUST interfering UE to indicate which modulation scheme of QPSK, 16QAM, 64QAM, and 256QAM is selected.
· RA: with scheduling granularity of 6PRBs or 12PRBs and the bandwidth up to 20MHz.
· nSCID to identify which paired UEs are relevant for the served UE +DMRS ports: Two-three bits indicating which DMRS port is paired for MUST CASE3. It is for further discussion whether 1 or 2 ports are indicated.

Proposal-5: The common assistance DCI for MUST Case 3 contains following information for each paired MUST-Case-3 UE not aligned in RA with the served MUST-Case-3 UE:
· Modulation Order (MO)
· nSCID (to identify which paired UEs in common NAI DCI are relevant for the served UE)
· DMRS ports
· Resource Allocation








Similarly to MUST Case 1/2, the information whether interference is present and whether is aligned could be included in the first-step DCI. 

Proposal-6: For MUST Case 3, the first-step DCI, i.e. the MUST-Case-3 UE’s self DCI, contains additional information on whether the MUST-Case-3 UE is paired in MUST or not, and whether the interference is aligned or not. In case the interference is present and not aligned/consistent, MUST-Case-3 UE reads and decodes the common NA DCI.




4	Conclusions
In this contribution we have been presenting views with respect to the MUST operation and signalling. The following observations and proposals can be summarized:
Observation-1: MUST Case 1/2 gains with SB scheduling are significantly lower than with WB scheduling.

Proposal-1:  MUST Case 1/2/3 operation without RA alignment of interference within near-UE allocation is supported. 

Observation-2: To support MUST operation without RA alignment of interference within MUST-near UE, additional assistance of MUST-far UEs RA is required at the near-UE.

Proposal-2: The common assistance DCI for MUST Case 1/2 contains at least following information for each MUST-far UE not aligned in RA with a near-UE:
· Resource allocation (RA)
· Power Ratio Indication (PRI)

Proposal-3: For MUST Case1/2, the first-step DCI, i.e. the MUST-near UE’s self DCI, contains additional information on whether the MUST-near UE is paired in MUST or not, and whether the interference is aligned or not. In case the interference is present and not aligned/consistent, MUST-near UE reads and decodes the common NA DCI.

Proposal-4: The common assistance DCI is configured to the MUST-near UEs.

Observation-3: The layers paired using MUST CASE 3 should be transmitted only on orthogonal DMRS ports, i.e. using the same nSCID.  

Observation-4: For MUST CASE 3 in DMRS-based TMs, blind detection of MUST interference presence results in up to 10 hypotheses per PRB/RBG/sub-band, thus, high complexity.

Proposal-5: The common assistance DCI for MUST Case 3 contains following information for each paired MUST-Case-3 UE not aligned in RA with the served MUST-Case-3 UE:
· Modulation Order (MO)
· nSCID (to identify which paired UEs in common NAI DCI are relevant for the served UE)
· DMRS ports
· Resource Allocation

Proposal-6: For MUST Case 3, the first-step DCI, i.e. the MUST-Case-3 UE’s self DCI, contains additional information on whether the MUST-Case-3 UE is paired in MUST or not, and whether the interference is aligned or not. In case the interference is present and not aligned/consistent, MUST-Case-3 UE reads and decodes the common NA DCI.
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Appendix

Table 1. Target UE One Codeword: Codeword 0 enabled, Codeword 1 disabled
	Target UE
	Paired UE

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0 (OCC=2)
	0
	1 layer, port 7, nSCID=1

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	2 layer, port 7&8, nSCID=1

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	2 layer, port 7&8, nSCID=0

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	2 layer, port 7&8, nSCID=1

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	2 layer, port 7&8, nSCID=0

	4
	1 layer, port 7, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=1

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	1 layer, port 11, nSCID=0

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=1

	
	
	8
	2 layer, port 11&13, nSCID=0

	
	
	9
	2 layer, port 11&13, nSCID=1

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	1 layer, port 11, nSCID=0

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 11&13, nSCID=0

	
	
	9
	2 layer, port 11&13, nSCID=1

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=1

	
	
	3
	1 layer, port 11, nSCID=0

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=1

	
	
	8
	2 layer, port 11&13, nSCID=0

	
	
	9
	2 layer, port 11&13, nSCID=1

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 11, nSCID=0

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 11&13, nSCID=0

	
	
	9
	2 layer, port 11&13, nSCID=1

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 7&8, nSCID=1

	
	
	9
	2 layer, port 11&13, nSCID=1

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=0

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 7&8, nSCID=1

	
	
	9
	2 layer, port 11&13, nSCID=0

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=0

	
	
	5
	1 layer, port 11, nSCID=1

	
	
	6
	1 layer, port 13, nSCID=1

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 7&8, nSCID=1

	
	
	9
	2 layer, port 11&13, nSCID=1

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=0

	
	
	5
	1 layer, port 11, nSCID=1

	
	
	6
	1 layer, port 13, nSCID=0

	
	
	7
	2 layer, port 7&8, nSCID=0

	
	
	8
	2 layer, port 7&8, nSCID=1

	
	
	9
	2 layer, port 11&13, nSCID=0




Table 2. Target UE Two Codeword: Codeword 0 enabled, Codeword 1 enabled
	Target UE
	Paired UE

	Value
	Message
	Value
	Message

	0
	2 layer, port 7&8, nSCID=0 (OCC=2)
	0
	1 layer, port 7, nSCID=1

	
	
	1
	1 layer, port 8, nSCID=1

	
	
	2
	2 layer, port 7&8, nSCID=1

	1
	2 layer, port 7&8, nSCID=1 (OCC=2)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	2 layer, port 7&8, nSCID=0

	2
	2 layer, port 7&8, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=1

	
	
	1
	1 layer, port 8, nSCID=1

	
	
	2
	1 layer, port 11, nSCID=0

	
	
	3
	1 layer, port 11, nSCID=1

	
	
	4
	1 layer, port 13, nSCID=0

	
	
	5
	1 layer, port 13, nSCID=1

	
	
	6
	2 layer, port 7&8, nSCID=1

	
	
	7
	2 layer, port 11&13, nSCID=0

	
	
	8
	2 layer, port 11&13, nSCID=1

	3
	2 layer, port 7&8, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 8, nSCID=0

	
	
	2
	1 layer, port 11, nSCID=0

	
	
	3
	1 layer, port 11, nSCID=1

	
	
	4
	1 layer, port 13, nSCID=0

	
	
	5
	1 layer, port 13, nSCID=1

	
	
	6
	2 layer, port 7&8, nSCID=0

	
	
	7
	2 layer, port 11&13, nSCID=0

	
	
	8
	2 layer, port 11&13, nSCID=1

	4
	2 layer, port 11&13, nSCID=0 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=1

	
	
	5
	1 layer, port 13, nSCID=1

	
	
	6
	2 layer, port 7&8, nSCID=0

	
	
	7
	2 layer, port 7&8, nSCID=1

	
	
	8
	2 layer, port 11&13, nSCID=1

	5
	2 layer, port 11&13, nSCID=1 (OCC=4)
	0
	1 layer, port 7, nSCID=0

	
	
	1
	1 layer, port 7, nSCID=1

	
	
	2
	1 layer, port 8, nSCID=0

	
	
	3
	1 layer, port 8, nSCID=1

	
	
	4
	1 layer, port 11, nSCID=0

	
	
	5
	1 layer, port 13, nSCID=0

	
	
	6
	2 layer, port 7&8, nSCID=0

	
	
	7
	2 layer, port 7&8, nSCID=1

	
	
	8
	2 layer, port 11&13, nSCID=0



