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1. Introduction
In RAN 1 #86 meeting, the transmission modes for 
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

Agreements:

· For DMRS based Case 3, support multiuser superposition transmission with orthogonal ports

· FFS non-orthogonal ports

In this contribution, considerations on MUST case 3 operation and signaling design are discussed.
2. MUST operation mechanism
To support MUST transmission, both RRC signaling and new DCI design 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 needs 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 
	FFS 
	FFS 
	FFS: Case 3
	Case 3 

	8Tx 
	- 

(not included in WID)
	-

(not included in WID)
	-

(not included in WID)
	Case 3 


DMRS-based TM is only supported in Case3, while case 1&2 up to 2Tx only support CRS-based TM. The only issue left is that whether MUST case 1,2 and 3 with 4Tx supports CRS-based TM. From previous evaluation results inTR36.859, the performance gain for MUST case 1&2 is marginal in 4Tx scenario; while for MUST case 3, the performance gain is considerable. Therefore, it is proposed to support only Case 3 with 4Tx in TM 4.
Proposal 1: Only MUST case 3 with 4Tx is supported in TM4. 
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. DCI design principle
For MUST Case 1/2/3, the possible assistance information includes interference existence (three cases), power ration allocations (Case 1/2 CRS-based TM), PMI of co-scheduled UEs (CRS-based TM) and DMRS port/sequence (DMRS-based TM). 
To design new DCI supporting assistance information signaling, DCI overhead and blind detection complexity need to be studied, which vary among three MUST cases and depend on scheduling granularities.
The assistance information in all three cases can be per PRB, per PRB group or per UE scheduling bandwidth, where DCI overhead reduces but scheduling flexibility also deteriorates. These factors should all be taken into account when designing DCI, which will be discussed in detail in Section 3.
Proposal 3: DCI should be designed considering DCI overhead, blind detection complexity and strive to limit the constraint on scheduling to a minimum extent. 
3. DCI overhead and blind detection analysis
For MUST Case 3, the assistance information needed for a UE are interference existence and DMRS port/sequence of the co-scheduled UE(s) information. The signaling design of the above information is discussed in the following sections.
3.1 Interference existence and DMRS port/sequence
For all three cases, interference existence information is needed, which can be either signaled or blind detected. For this information, the signaling overhead do not vary among cases, rather it varies depending on the scheduling granularity. 
When scheduling is consistent over wideband, only one bit is needed for interference existence indication. When scheduling is dynamic over per PRB or sub band, the signaling of interference existence significantly increases with bandwidth, which is not acceptable since this may be as much as 100 bits. 
On the other hand, blind detection is another option. For a UE configured in DMRS-based TM, the blind detection of interference existence is equivalent to the blind detection of the DMRS port/sequence of its paired UE(s). 
In Table 5.3.3.1.5C-2 of TS 36.212, the antenna port(s), scrambling identity and number of layers indication in DMRS-based TM are defined. For convenience, this table is provided in the Table A in Appendix.
For a UE configured with OCC = 2 (e.g., indicated by value 0 as in Table A), its paired UE can have 9 choices of DMRS port/sequences (indicated by values 1-3, 5-7, 9-11). Thus to blind detect interference existence, 9 hypothesis are needed, and the blind detection granularity depends on the scheduling granularity.
For a UE configured with OCC = 4 (e.g., indicated by value 4 in Table 1), its paired UE can have 10 choices of DMRS port/sequences (indicated by values 1-3, 5-11). Thus to blind detect interference existence, 10 hypothesis are needed, and the blind detection granularity depends on the scheduling granularity.
Observation 1: For MUST transmission in DMRS-based TM, the blind detection of interference existence is equivalent to the blind detection of the DMRS port/sequence of its paired UE(s). If interference existence is to be blind detected, up to 11 blind detection hypotheses per PRB or sub band are needed.
Considering the large overhead of sub-band interference existence signalling and high complexity of blind detection, it is proposed to support wideband interference existence signalling and DMRS port/sequence signaling jointly while maintaining scheduling flexibility.  
Proposal 4: It is preferred to signal DMRS/interference jointly in DCI in a wideband manner. If DCI indicates no interference, UE will not carry out blind detection on any subbands. If DCI indicates DMRS port, UE will carry out energy detection on the indicated DMRS port for each subband.
The exact design of joint signaling of  DMRS port and interference existence is shown in next section. 
3.2 Constraints on DMRS port/sequence assumption
Considering tradeoff between DCI overheads and blind detection complexity, some constraints on the DMRS port/sequence among co-scheduled UEs are needed. 
We list some possible assumptions on the DMRS constraints among co-scheduled UEs as follows, other assumptions that are not listed can also be studied.
Assumption 1: Assuming same nSCID and same OCC.
Assumption 2: Assuming same nSCID.
Assumption 3: Assuming same OCC.
Assumption 4: Assuming different DMRS port.
When the constraint is assumed for co-scheduled UEs, it means that some of the DMRS ports or sequences cannot be used for co-scheduled UEs, thus the number of blind detections required can be reduced. It is then to decide which assumption is the most suitable to for DCI size limitation.
We provide an example on how to design the DCI under Assumption 1 that the same SCID and same OCC length is assumed for co-schedule UEs.
In Table 2, the DMRS-port/sequences for the co-scheduled UEs are listed according to different serving UEs. From the table, we can see that if the serving UE uses DMRS port 7 with nSCID=0 and OCC=2, there is only one DMRS port option for its co-scheduled UEs to transmit; while if the serving UE uses DMRS port 7 with nSCID=0 and OCC=4, there are three DMRS port options for its co-scheduled UEs to transmit. Therefore, the number of blind detection hypotheses has been largely reduced. 
Table 2 DMRS-port/sequences options for co-scheduled UEs using Assumption 1
	Assumption 1: 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

	port 7, nSCID=0 (OCC=2)
	00: No interference in whole wideband
01: port 8, nSCID=0 (OCC=2)
10: reserved
11: reserved

	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)


It was discussed in last RAN1 meeting that for DMRS-based MUST case 3, orthogonal DMRS ports are supported while leaving non-orthogonal DMRS ports FFS. With assumption 1, it can be observed that only orthogonal DMRS ports will be assumed. It is preferred to specify this constraint to reduce signaling overhead and blind detection complexity.
Proposal 5: To limit signaling overhead and maintain scheduling flexibility, the constraint assumptions on DMRS port/sequence among co-scheduled UEs should be considered and specified. The constraint that same nSCID and same OCC is assumed for co-scheduled DMRS ports and the DCI field in Table 3 is to be supported.
4. Conclusion
In this contribution, the following observation and proposals are made.
Observation 1: For MUST transmission in DMRS-based TM, the blind detection of interference existence is equivalent to the blind detection of the DMRS port/sequence of its paired UE(s). If interference existence is to be blind detected, up to 10 blind detection hypotheses per PRB or sub band are needed.
Proposal 1: Only MUST case 3 with 4Tx is supported in TM4. 
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 should be designed considering DCI overhead, blind detection complexity and strive to limit the constraint on scheduling to a minimum extent. 
Proposal 4: It is preferred to signal DMRS/interference jointly in DCI in a wideband manner. If DCI indicates no interference, UE will not carry out blind detection on any subbands. If DCI indicates DMRS port, UE will carry out energy detection on the indicated DMRS port for each subband.
Proposal 5: To limit signaling overhead and maintain scheduling flexibility, the constraint assumptions on DMRS port/sequence among co-scheduled UEs should be considered and specified. The constraint that same nSCID and same OCC is assumed for co-scheduled DMRS ports and 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

	port 7, nSCID=0 (OCC=2)
	00: No interference in whole wideband
01: port 8, nSCID=0 (OCC=2)
10: reserved
11: reserved

	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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Appendix
Table A. Table 5.3.3.1.5C-2 of TS 36.212: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

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

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

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

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

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

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

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

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

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

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

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7-9
	13
	Reserved

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved


