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1 Introduction

In RAN WG1 meeting #85, the following agreement was made [1]:

Agreement:

· No new TM for MUST

· MUST Case 1 and Case 2 using up to 2Tx is supported in the following TMs

· TM 2/3/4

· FFS TM 8/9/10

· A UE is signaled by RRC if it is to be configured for potential MUST operation

· FFS MUST Case 3 using up to 8Tx is supported in the following TMs

· TM 4/8/9/10

· Companies are encouraged to perform more evaluations especially using the agreed FTP model

· At least one new DCI is to be monitored by a UE once configured into MUST operation

· FFS on details 

· FFS MUST-near UE may assume MUST interference presence/absence is consistent among all of its scheduled PRBs for CRS-based TM and DMRS-based TM

· For MUST case 1/case 2/case 3, dynamic switching between MUST and non-MUST operation is supported

· 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.

Where a RRC signalling and at least a new DCI was agreed. In this contribution, we discuss the signalling design for MUST operation. 
2 Discussion
2.1 On RRC signaling
It has been agreed in RAN1 #85 meeting that a UE is signaled by RRC if it is to be configured for potential MUST operation and at least one new DCI is to be monitored by a UE once configured into MUST operation. 
In particular, for some UEs, e.g., cell-edge UEs, they can only be scheduled to be MUST-far UE or single transmission UE. According to the conclusion in TR36.859, the demodulation performance between R-ML and MMSE receivers for MUST-far UE are similar, and this conclusion can be also observed in our companion paper [2]. Thus, it is sufficient for a MUST-far UE to use MMSE receiver and no additional information is required to be signaled to a MUST-far UE. As a result, there is no need to send RRC signaling to the UEs that cannot be scheduled to be MUST-near UE. 
Moreover, it is also agreed that dynamic switching between MUST and non-MUST operation is supported, which means that a UE configured to be potential MUST operation can be dynamically scheduled as a MUST-near UE, a MUST-far UE or a single transmission UE. Therefore, only the UEs that can be scheduled to be a MUST-near UE require to be signaled by RRC.
Proposal 1: A UE is signaled by RRC if it can be possibly scheduled to be a MUST-near UE.
2.2 On DCI signaling
It has been agreed that for case 1&2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders, and MUST-far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE. Thus, the assistance information for MUST-near UE should have both interference existence and power ratio. Due to the fact that applying blind detection of assistance parameters at UE would result in an extremely high computational complexity, it is preferred to signal these information to UE via DCI. In addition, it is necessary to emphasize that MUST interference presence/absence and the allocated power ratio are preferred to be consistent among all scheduled PRBs for a MUST-near UE so as to maintain low signaling overhead and UE implementation complexity.
Considering the overhead for indication of both interference existence and power ratio together is rather small compared with the payload of legacy DCI formats, thus there is no demand to define a new DCI format for MUST to signal the assistance information. Therefore, an effective solution is to add the corresponding field(s) into existing DCI formats.
Interference existence indication
If interference existence is signaled from eNB to UE in potential MUST operation, the new DCI should contain a new field to indicate whether the UE is scheduled in MUST operation. Two alternatives can be considered:

· Alternative 1: eNB informs a UE whether it is a MUST-near UE or not. 
· Alternative 2: eNB informs a UE that it is a MUST-near UE, a MUST-far UE or a single transmission UE.  

Apparently, Alternative 2 requires more bits for indication than Alternative 1, and Alternative 2 could not bring any benefit compared with Alternative 1 because the behavior of a MUST-far UE is the same as that of a single transmission UE. Therefore, Alternative 1 is preferred.

Proposal 2: For a UE configured in potential MUST operation, it should be informed whether it is a MUST-near UE or not.
Since it has been agreed for MUST case 1&2, up to 2 spatial layers for each UE are used. For MUST case 1, the possible transmission modes for two paired UEs can be listed as follows:
Table 1. Possible transmission modes for MUST case 1

	Index
	MUST-near UE
	MUST-far UE

	1
	TM4 rank 1
	TM4 rank 1

	2
	TM4 rank 2
	TM4 rank 1

	3
	TM4 rank 2
	TM4 rank 2

	4
	TM3 rank 2
	TM3 rank 2


Note that a MUST-near UE in TM4 rank 1 would be hardly paired with a MUST-far UE in TM4 rank 2 since the channel quality for MUST-near UE is always better than that of MUST-far UE. Obviously, 2 bits are needed for the indication of interference existence where each bit corresponds to one spatial layer. Thus for DCI format 2/2A corresponding to MUST case 1, the following information should be added:

- Interference indicator – 0 or 2 bit.
For MUST case 2, the possible transmission modes for two paired UEs can be shown as follows:

Table 2. Possible transmission modes for MUST case 2

	Index
	MUST-near UE
	MUST-far UE

	1
	TM2 (TM3 rank 1)
	TM2(TM3 rank 1)


Since a MUST-near UE only needs to know whether there exists a paired MUST-far UE, thus 1 bit is sufficient for the indication of interference existence. For DCI format 1/1A corresponding to MUST case 2, the following information should be added:

- Interference indicator – 0 or 1 bit.
Power ratio indication
If the power ratio is also signaled from eNB to UEs in potential MUST operation, the overhead for indication of the specific power ratio depends on the supported number of power ratios. By now, it has been agreed that the number of supported power ratios can be different for different modulation of MUST-near UE, and it should be selected from 1, 2, 3, or 4. Note that the indication overhead should be determined according to the maximum number of supported power ratios among all different modulations of MUST-near UE. 
For MUST case 2,
· If the maximum number of supported power ratios for all different modulations of MUST-near UE is 2, 1 bit is needed for the indication of power ratio
· If the maximum number of supported power ratios for all different modulations of MUST-near UE is 3, 2 bit is needed for the indication of power ratio.

· If the maximum number of supported power ratios for all different modulations of MUST-near UE is 4, 2 bits are needed for indication.
For MUST case 1, the two spatial layers may use different power ratios, thus the overhead for indication would be doubled comparing with that for MUST case 2. 
Here, we take the case that 4 power ratios are supported for each modulation of MUST-near UE for example. In this case, for DCI format 2/2A corresponding to MUST case 1, the following information should be added:

- Power ratio index – 0 or 4 bits.

For DCI format 1/1A corresponding to MUST case 2, the following information should be added:
- Power ratio index – 0 or 2 bits.

Joint indication for interference existence and power ratio

It is noted that the interference existence and power ratio can be indicated in a joint manner. By using such approach, the following information should be added for DCI format 1/1A corresponding to MUST case 2 and an example is shown in Table 3.
- Interference existence and power ratio – 0 or 3 bits.

Table 3. An example of joint indication of both interference existence and power ratio index.

	Interference existence and power ratio
	Interference existence
	power ratio index

	000
	No
	\

	001
	Yes
	0

	010
	Yes
	1

	011
	Yes
	2

	100
	Yes
	3

	101~111
	Reserved


While for DCI format 2/2A corresponding to MUST case 1, the following information should be added:

- Interference existence and power ratio – 0 or 6 bits.
Each combination of 3 bits within the total 6 bits is used for joint indication of interference existence and power ratio for one spatial layer, which is similar to that in Table 3.
Proposal 3: The following two options can be considered:

· Option 1: new DCIs should be designed by adding the fields of interference indicator and power ratio index into existing DCI formats. 

· Option 2: new DCIs should be designed by adding one field of joint indication for interference existence and power ratio index into existing DCI formats.
3 Conclusions
In this contribution, the specific signaling design for MUST is discussed. The following proposals are given.
Proposal 1: A UE is signaled by RRC if it can be possibly scheduled to be a MUST-near UE.
Proposal 2: For a UE configured in potential MUST operation, it should be informed whether it is a MUST-near UE or not.
Proposal 3: The following two options can be considered:

· Option 1: new DCIs should be designed by adding the fields of interference indicator and power ratio index into existing DCI formats. 

· Option 2: new DCIs should be designed by adding one field of joint indication for interference existence and power ratio index into existing DCI formats.
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