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1. [bookmark: _GoBack]Introduction
In RAN1#84bis and #85 meetings, the following items were agreed [1][2].
· 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
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]As a result, in this contribution we discussed the signalling mechanism for CRS-based TMs and DMRS-based TMs for MUST case 1 and case 2 including RRC signalling and DCI transmission. Note that if RAN4 concludes that blind detection of these assistance information is not feasible, the proposed signalling mechanism can be considered. 
2. [bookmark: OLE_LINK17]RRC signalling
In legacy LTE system, there are various transmission modes as TM 1 ~ TM 10, and a UE is signaled by RRC to know which TM it is configured. As we have agreed, MUST is not considered as a new TM, i.e., there would not be TM 11 or TM 12 defined for MUST. Instead, MUST can be seen as an enhanced operation in addition to what have been specified for legacy TMs. For example, TM 2 + TM 2, means that MUST-capable UEs are configured to work in enhanced TM 2 mode. They are signaled by RRC to know whether they are configured in enhanced TM 2 mode, which indicates whether those UEs would operate in MUST version of TM 2.  
However, it should be noted that MUST is not designed to support all the TMs. We focus on TM2/TM3/TM4 which are CRS based TMs and TM8/TM9/TM10 which are DMRS based TMs. It is believed that these TMs can be enhanced by MUST operation. 
It is assumed that MUST-capable UE can be paired either as MUST-near UE or as MUST-far UE. 
· If it is paired as MUST-near UE, it would be signaled by RRC to know whether it is configured in enhanced TM x mode.
· If it is paired as MUST-far UE, it would be signaled by RRC to know whether it is configured in enhanced TM x mode, it can also be signaled by RRC to know it is configured in legacy mode. That depends on whether dynamic switching between the different roles is supported.
Observation 1：MUST can be supported in TM2/TM3/TM4/TM 8/9/10, and MUST can be seen as an enhanced operation for each corresponding TMs.
3. DCI transmission
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK2][bookmark: OLE_LINK6]For CRS based TMs
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Since the spatial layer for MUST is limited up to 2, and the number of power ratios is no more than four, 4 bits information would be enough to inform these assistance information. In a word, for CRS based transmission, it would need at most 4 bits signalling overhead to notify the assistance information. 
Observation 2: For CRS based transmission, it would need at most 4 bits signalling overhead to notify the assistance information.
[bookmark: OLE_LINK31]It was agreed that at least one new DCI is to be monitored when a UE is configured to MUST operation. And further details are needed for the new DCI. It is noticed that there are mainly 3 options of DCI transmission so far [3][4][5][6][7]. Besides, some variation or modification of these options can also be potential schemes in the following discussion. These 3 options of DCI transmission can be divided into two categories. 
· Category 1: MUST-near UE gets assistance information via a new DCI.
· Option a1: Adding new bits to legacy DCI to form a new DCI.
Since 4 bits signalling overhead is enough for notification of the assistance information, it is feasible to add few bits to legacy DCI to form a new DCI. The feasibility study needs to consider compression of the overhead of signalling to make the size of new DCI smaller, which may take more than one meeting cycle to conclude. 
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]Option a2: Adding reduced number of new bits to form a new DCI.
In this way, the assistance information can be signaled with smaller overhead of signalling. What’s more, for MUST-far UE with new DCI, it would be preferable if its new DCI has the same size as of the new DCI for MUST-near UE. Here are some examples to show that option a2 is feasible in some cases.
For example, if  rank = 1 constraint is imposed for paired users, 1 bit for NDI field for the second TB, and 1 bit for Transport block to codeword swap flag field can be used for the assistance information. Other examples are given in the appendix, including MUST transmission based on TM3/TM4/TM9.
[bookmark: OLE_LINK7][bookmark: OLE_LINK10]Observation 3: It looks feasible to reduce the number of new bits by joint coding and/or field redefinition. 
· [bookmark: OLE_LINK5]Category 2: MUST-near UE obtains assistance information by another separate DCI.
· Option b1: Adding another new DCI 
· [bookmark: OLE_LINK14]It does not seem efficient to use a separate DCI to convey at most 4 bits assistance information, yet its size is equal to the legacy DCI for MUST-near UE.
· If a common DCI is designed that contains both assistance information and part of schedule information for the MUST-far UE. 
1) MUST-near UE can obtain the assistance information from the separate DCI, the size of modified legacy DCI for near UE would be small. However, one more DCI needs to be decoded.
2) [bookmark: OLE_LINK11]As to the MUST-far UE, the size of common DCI can be the same as the size of legacy DCI for far UE. However, this approach cannot support legacy UE.
In conclusion, Category 2 is not very applicable and the variation or modification should be considered.
Observation 4: Option a1 is feasible, and Option a2/modified option b1 can be considered further. 
Option a1: Adding new bits to legacy DCI to form a new DCI.
Option a2: Adding reduced number of new bits to form a new DCI.
Option b1: Adding another new DCI.

· [bookmark: OLE_LINK4]For DMRS based TMs
DMRS port/sequence of the MUST-paired UE should be predefined. It can be the same or different ports. It is possible to predefine DMRS port/sequence, which will save signalling overhead without degrading the performance.
· For the case of same port
At most 4 bits will be used to inform these assistance information and dynamic switching operation.
· For the case of different ports 
For example, to predefine port 7 for MUST-near UE and port 8 for MUST-far UE. In this case, power ratio is not needed. Signalling for interference existence help simplify the implementation.

· For MUST case 3
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK19][bookmark: OLE_LINK20]As we know case 3 is generally described in MUST WID, some further definition of case 3 is not clear, Such as whether case 3 consists of orthogonal precoders of paired users, and if case 3 can be supported, whether case 3 can back-off to case 1[8]. Hence, detailed DCI design of case 3 should not be concluded until more clarifications are provided.  
Proposal 2:  It should be clarified that dynamic switching between case 1 and case 3 can be supported.

4. Conclusion
[bookmark: OLE_LINK3]In this contribution, the transmission of new DCI is discussed. We have the following observations and proposals. 
Observation 1：MUST can be supported in TM2/TM3/TM4/TM 8/9/10, and MUST can be seen as an enhanced operation for each corresponding TMs.
Observation 2: For CRS based transmission, it would need at most 4 bits signalling overhead to notify the assistance information.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 1:  Adding new bits to legacy DCI to form a new DCI should be supported as baseline.
· For CRS based transmission, it would need at most 4 bits signalling overhead to notify the assistance information.
· It looks feasible to reduce the number of new bits by joint coding and field redefinition for compression of the overhead of signalling to make the size of new DCI smaller.
Proposal 2:  It should be clarified that dynamic switching between case 1 and case 3 can be supported.
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Appendix
· Example 1, transmission mode and transmission power allocation indication, as shown in Table 1.
Table 1 Transmission mode and transmission power allocation indication
	Values 
	Message

	0
	non-MUST mode

	1
	α1.

	2
	α2.

	3
	α3.



· Example 2, content of precoding information field for 2 antenna ports for Format 2
[bookmark: OLE_LINK1]Using 1 bit to indicate whether MUST or non-MUST operation, and to reuse the states of PMI field of DCI 2 (Table 5.3.3.1.5-4  from 3GPP TS 36.212) to imply the existence of MUST interference. As shown in Table 2, when one codeword is enabled, there is only one layer. When there is interference, such interference would be in the same layer. When two codewords are enabled, the value of “bit field mapped to index” is 0-2, the message consists of: precoding information, and indicates that there is interference in the first layer.
Table 5.3.3.1.5-4: Content of precoding information field for 2 antenna ports.
	One codeword: 
Codeword 0 enabled, 
Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled, 
Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	2 layer: Transmit diversity
	0-2
	2 layer: precoding information

	1-6
	1 layer: precoding information
	3-7
	Reserved

	7 
	reserved
	
	



Table 2: Content of precoding information field for 2 antenna ports.
	One codeword: 
Codeword 0 enabled, 
Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled, 
Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	2 layer: Transmit diversity
	0-2
	2 layer: precoding information, first layer

	1-6
	1 layer: precoding information
	3-5
	2 layer: precoding information, second layer

	7 
	reserved
	6-7
	2 layer: precoding information, first and second layer



· [bookmark: OLE_LINK8]Example 3 , content of precoding information field for 4 antenna ports for Format 2A.
· Example 4 , antenna port(s), scrambling identity and number of layers indication for Format 2C.
