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1. Introduction

Following the agreements in RAN 1 #86 and #86bis meeting, the transmission modes for MUST case 3 were agreed.
Agreements:

· DMRS-based Case 3 is supported in 

· TM 8/9/10

Conclusion:

· Case 1&2 using up to 4Tx is not supported in DMRS-based TM

Conclusion

· There is no consensus in RAN1 to support Case 3 for CRS-based TMs
However, there are many remaining issues left for case 3 to be supported, including number of total supported layers, number of interference layers a UE can cancel and detailed DCI design. In this contribution, these remaining issues for MUST case 3 are discussed. 
2. On mechanisms for efficient operation of Case 3
In RAN1 #84bis meeting, the evaluation assumption on maximum co-scheduled UEs for MUST case was agreed to be up to four. 
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 RAN1 #85 meeting, the agreements on the maximum number of spatial layers of MUST case 1&2 were agreed to be up to 2 spatial layers for each UE, leaving that for MUST case 3 FFS.

Agreements:

· Maximum number of spatial layers for MUST 

· For MUST case 1 and case 2, up to 2 spatial layers for each UE are used.

· For MUST case 3, the maximum number of spatial layers for a UE should be limited, with details FFS.

Considering that MUST case 3 can be viewed as an enhancement to MU-MIMO, it is proposed not to limit the number of spatial layers of each user to be only one so as to reduce scheduling limitations. Therefore, we have the following proposal on the number of spatial layers supported/canceled in cell level and per UE level.
Proposal 1: For MUST case 3, 
· For 2Tx & Case 3, up to two co-scheduled UEs within a cell are supported
· For 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are supported

· Up to 2 spatial layers for each UE are supported. 
· For low capability UEs, only one spatial layer of interference can be cancelled.
· For high capability UEs, up to three layers of interference can be cancelled. 
3. On signalling design for MUST case 3
To support MUST transmission, both RRC signaling and new DCI designs are needed as agreed in RAN1 #85meeting. The former signals a UE to indicate whether it can be configured as potential MUST operation, while the latter ensures dynamic scheduling of SU and MU transmission for the MUST potential UE and provides UE with necessary assistance information of the co-scheduled UEs.

1.1. RRC design

To support MUST transmission, at least 1bit RRC signaling is needed to configure a UE as a MUST potential mode. However, in addition to this information, MUST case information also need to be informed. 

According to the current agreements, the supported TMs for MUST can be summarized in the following table. 
Table 1. Supported TMs for MUST Case 1, 2&3

	
	TM 2 
	3 
	4 
	8/9/10 

	2Tx
	Case 1&2 
	Case 1&2 
	Case 1&2 
	Case 3 

	4Tx 
	No consensus  
	No consensus
	No consensus 
	Case 3 

	8Tx 
	- 

(not included in WID)
	-

(not included in WID)
	-

(not included in WID)
	Case 3 


Under current situation, we believe that only 1 RRC bit is enough to indicate that a UE is MUST capable or not. MUST case information can be determined based on the combination of TM and number of CRS ports.
Proposal 2: 1 bits RRC signaling is used to indicate if a UE is configured in MUST operation mode. Case 1/2/3 is implicitly determined based on the combination of TM and number of CRS ports.
1.2. Signalling information 
Proposal 3: DCI design should be designed considering DCI overhead, blind detection complexity and strive to limit the constraint on scheduling to a minimum extent. 
In last RAN4 meeting, the study on blind detection feasibility of the assistance information in DMRS-based TMs for MUST case 3 has been finished. The following agreements were reached.
Agreement:

· In DMRS-based TMs,

· Without sufficient spatial separation of 2 co-scheduled UEs, the performance loss brought by scheduling interference through non-orthogonal DMRS port is significant, even complete interference information is available for interference cancellation. 

· The throughput degradation due to interference existence blind detection is trivial at the cost of additional UE complexity.

· When R-ML receiver is considered, assistance information for interference modulation order is recommended for better throughput performance as well as reducing the blind detection complexity of UE.

· When enhanced IRC receiver is considered, information on interference modulation order is not required. 

· RAN4 will further discuss if E-MMSE-IRC or R-ML will be used for minimum performance requirement definition.
From the first bullet of the agreement, we know that performance loss brought by scheduling interference through non-orthogonal DMRS port without sufficient spatial separation is significant. Therefore, it is proposed that the constraint assumptions on DMRS port/sequence among co-scheduled UEs should be considered and specified.
Proposal 4: Only DMRS ports with same SCID, VCID and same OCC length are assumed for co-scheduled UEs for MUST case 3, that is UE will only cancel interference on orthogonal DMRS ports.

Note that this constraint is not to limit scheduling flexibility for MU-MIMO. The eNB can still schedule UEs on non-orthogonal DMRS ports; the UE will only cancel the interference on the orthogonal DMRS ports. 
From the second bullet of the agreement, blind detection of interference existence increases UE complexity. From the third bullet of the agreement, modulation order indication provides better throughput performance. Therefore, we have the following proposal regarding the assistance information.
Proposal 5: DMRS ports and modulation order of co-scheduled UEs are signaled to UE.
1.3. RA alignment 
In RAN1 #86bis meeting, it was agreed that
· MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2
· FFS case 3

Under such assumption, the signaling overhead can be limited so that a single DCI by adding bits in the self DCI is supported. For MUST case 3, it is preferred to maintain a common DCI design principle as Case 1&2, therefore, we propose to support RA alignment among co-scheduled UEs.
Proposal 6: MUST operation with RA alignment of co-scheduled UEs is supported for cases 3 to further reduce signaling overhead.
1.4. DCI design
For MUST Case 3, interference existence and DMRS port indication can be jointly encoded and indicated. The signaling design of the above information is discussed in the following sections.

 Table 2 DMRS-port/sequences options for co-scheduled UEs using same SCID, VCID and OCC length
	Same SCID, Same OCC length

	Serving UE
	Co-scheduled UE hypotheses

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

	port 7, nSCID=0 (OCC=4)
	port 8, nSCID=0 (OCC=4)
port 11, nSCID=0 (OCC=4)
port 13, nSCID=0 (OCC=4)

	port 11, nSCID=0 (OCC=4)
	port 7, nSCID=0 (OCC=4)
port 8, nSCID=0 (OCC=4)
port 13, nSCID=0 (OCC=4)


Then we provide a DCI field indication for the joint design of interference and DMRS port/sequence signaling, in Table 3. Here, the DMRS port/sequence indicated by the DCI is used to signal the strongest interference. Other co-scheduled UE interference can be treated as white noise.
Table 3 DCI field under the assumption of  same SCID and same OCC
	DCI field indication
	

	Serving UE
	Co-scheduled DMRS port/sequence indication
	Modulation order

	port 7, nSCID=0 (OCC=2)
	00: No interference in whole wideband

01: port 8, nSCID=0 (OCC=2)
10: reserved

11: reserved
	00: QPSK

01: 16QAM

10: 64QAM



	port 7, nSCID=1(OCC=2)
	00: No interference in whole wideband

01: port 8, nSCID=1 (OCC=2)
10: reserved

11: reserved
	

	port 8, nSCID=0 (OCC=2)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=2)
10: reserved

11: reserved
	

	port 8, nSCID=1(OCC=2)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=2)
10: reserved

11: reserved
	

	port 7, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 8, nSCID=0 (OCC=4)
10: port 11, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 7, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 8, nSCID=1 (OCC=4)
10: port 11, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 8, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 11, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 8, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=4)
10: port 11, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 11, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 8, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 11, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7 nSCID=1 (OCC=4)
10: port 8, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 13, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 8, nSCID=0 (OCC=4)
11: port 11, nSCID=0 (OCC=4)
	

	port 13, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=4)
10: port 8, nSCID=1 (OCC=4)
11: port 11, nSCID=1 (OCC=4)
	


Proposal 7: The DCI field in Table 3 is to be supported.
4. Conclusion

In this contribution, the following observation and proposals are made.

Proposal 1: For MUST case 3, 

· For 2Tx & Case 3, up to two co-scheduled UEs within a cell are supported
· For 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are supported

· Up to 2 spatial layers for each UE are supported. 
· For low capability UEs, only one spatial layer of interference can be cancelled.

· For high capability UEs, up to three layers of interference can be cancelled. 
Proposal 2: 1 bits RRC signaling is used to indicate if a UE is configured in MUST operation mode. Case 1/2/3 is implicitly determined based on the combination of TM and number of CRS ports.
Proposal 3: DCI design should be designed considering DCI overhead, blind detection complexity and strive to limit the constraint on scheduling to a minimum extent. 
Proposal 4: Only DMRS ports with same SCID, VCID and same OCC length are assumed for co-scheduled UEs for MUST case 3, that is UE will only cancel interference on orthogonal DMRS ports.

Proposal 5: DMRS ports and modulation order of co-scheduled UEs are signaled to UE.

Proposal 6: MUST operation with RA alignment of co-scheduled UEs is supported for cases 3 to further reduce signaling overhead.
Proposal 7: The DCI field in Table 3 is to be supported.
Table 3 DCI field under the assumption of  same SCID and same OCC

	DCI field indication
	

	Serving UE
	Co-scheduled DMRS port/sequence indication
	Modulation order

	port 7, nSCID=0 (OCC=2)
	00: No interference in whole wideband

01: port 8, nSCID=0 (OCC=2)
10: reserved

11: reserved
	00: QPSK

01: 16QAM

10: 64QAM



	port 7, nSCID=1(OCC=2)
	00: No interference in whole wideband

01: port 8, nSCID=1 (OCC=2)
10: reserved

11: reserved
	

	port 8, nSCID=0 (OCC=2)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=2)
10: reserved

11: reserved
	

	port 8, nSCID=1(OCC=2)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=2)
10: reserved

11: reserved
	

	port 7, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 8, nSCID=0 (OCC=4)
10: port 11, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 7, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 8, nSCID=1 (OCC=4)
10: port 11, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 8, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 11, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 8, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=4)
10: port 11, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 11, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 8, nSCID=0 (OCC=4)
11: port 13, nSCID=0 (OCC=4)
	

	port 11, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7 nSCID=1 (OCC=4)
10: port 8, nSCID=1 (OCC=4)
11: port 13, nSCID=1 (OCC=4)
	

	port 13, nSCID=0 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=0 (OCC=4)
10: port 8, nSCID=0 (OCC=4)
11: port 11, nSCID=0 (OCC=4)
	

	port 13, nSCID=1 (OCC=4)
	00: No interference in whole wideband

01: port 7, nSCID=1 (OCC=4)
10: port 8, nSCID=1 (OCC=4)
11: port 11, nSCID=1 (OCC=4)
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