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1. Introduction 

This contribution provides our views on MUST assisted information to be provided from network, and the corresponding detailed design in DCI formats. 
2. General consideration on single DCI or two DCIs in MUST
In RAN1#86bis, the following agreements were made on DCI signaling for MUST Cases 1/2/3:

· 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
Compared to the first agreed option with single DCI, the second option with two DCIs provides more scheduling flexibility by cost of more signaling overhead. However, the study on the pros and cons of introducing two DCIs and  detailed mechanism for blind decoding of PDCCH, etc., is not mature enough yet. Also most available SLS results provided by companies are already based on the RA-alignment assumption. Thus we propose to have only the single DCI design, which minimizes specification effort and brings no additional complexity for PDCCH blind detection.
Proposal 1: Only single DCI is supported in Rel-14 MUST, for all MUST cases. 
Legacy DCI formats that need to be enhanced are summarized as follows:
1) MUST Cases 1 & 2:

· TM 2: format 1

· TM 3: format 2A

· TM 4: format 2

2) MUST Case 3:
· TM 8: format 2B

· TM 9: format 2C

· TM 10: format 2D
Following sections will present our DCI design based on these legacy DCI formats. In addition we suggest to have no change on DCI format 1A, which is used for fallback mode; further detailed discussion for fallback mode is presented in our companion paper [1].
3. DCI signaling supporting MUST Case 1 and 2
The only information to be signaled in MUST Case 1 and 2 is power ratio. In RAN1#86bis the number of power ratios was agreed to be 3 for all possible MOD combinations of MUST-near and MUST-far users. The agreed power ratios are:

                 {8/10, 50/58, 264.5/289} for QPSK+QPSK;
                 {32/42, 144.5/167, 128/138} for 16QAM+QPSK;
                 {128/170, 40.5/51, 288/330} for 64QAM+QPSK.
It is then straightforward to purpose that two additional bits on top of legacy DCI formats should be sufficient to support the signaling of wideband power ratio and interference presence. A design example could be:
	Value
	Description

	00
	No MUST interference present

	01
	First power ratio is used

	10
	Second power ratio is used

	11
	Third power ratio is used


Table 1 Example of DCI field for power ratio indication
Proposal 2: In MUST Cases 1 & 2, for each transport block, two additional bits on top of legacy DCI formats should be defined to support the signaling of wideband power ratio and interference presence.
The design above is suitable for MUST users with rank combination (near, far)=(rank-1, rank-1), (near, far)=(rank-2, rank-1), and (near, far)=(rank-2, rank-2). The case with (near, far)=(rank-1, rank-2) is special and needs further discussion. From the near user’s point of view, intra-cell interference exists in another spatial layer; this is similar to the scenario in MUST Case3. Since RAN1 has no consensus supporting MUST Case 3 in CRS-based TMs, and MUST Case 1 in TM5 is not supported, the MUST near UE should expect no assistant information from network for the intra-cell interference. Network should avoid from such a rank combination for MUST near and far users to guarantee receiver performance.
Proposal 3: The combination of rank-1 MUST near UE and rank-2 MUST far UE is not allowed in Rel-14 MUST.
4. DCI signaling supporting MUST Case 3
In this section we first discuss the candidates for DCI signaling and then the detailed DCI format. RAN1#86bis cannot reach consensus to support Case 3 for CRS-based TMs; here we focus on the design for DMRS-based TMs.
4.1 Signaling information for MUST Case 3

Remaining candidates for signaling in MUST Case 3 could be: 1) MOD; 2) presence of interference. Power allocation is transparent to UE so no scheduling constraint on power allocation and also no need for DCI signalling. In the following we share our views on the signalling content based on RAN4’s feedback and observations from our SLS evaluation. 
RAN4 had already investigated the feasibility of blind detection on parameters in MUST Case3, as stated in the LS [2]. Further analysis on UE’s behavior and performance based on the LS is demonstrated in our companion paper [3]. Conclusions from RAN4 are captured as follows: 

1) 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. 

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

3) 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.

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

5) RAN4 will further discuss if enhanced IRC or R-ML will be used for minimum performance requirement definition.

6) Summaries of the performance of R-ML and enhanced IRC receiver can be referred in R4-167245 and R4-168049.
Signaling MOD or not should depend on system gain provided by RML receiver and the feasibility of blind detection. In [4], our evaluation results show that RML receiver leads to higher system gain for both average and cell-edge user throughput, compared to EMMSE-IRC receiver. Thus it could be concluded that MOD information is useful to provide system gain, and it is better to obtain this information from network instead of relying on blind detection, as suggested by RAN4. In order to reduce signaling overhead, we propose to signal MOD of interference to a MUST user, under the assumption that the MOD of interference associated with a particular DMRS port is consistent among all scheduled PRBs of the MUST user. 
Proposal 4: MUST DCI should indicate MOD of interference associated with a particular DMRS port. The MOD is consistent among all scheduled PRBs.
Regarding 2), detecting the existence of DMRS ports used by other co-channel MUST users is feasible without throughput degradation, however, the receiver complexity could be another issue especially when DMRS with OCC-4 is adopted. Considering UE’s processing complexity, we prefer to signal DMRS port(s) of MUST interference. Furthermore, the conclusion 1) from RAN4 suggests to signal interference information only for interference associated with orthogonal DMRS ports. Information related to interference on non-orthogonal DMRS ports could not provide gain for interference cancellation. Thus it would be beneficial for saving signaling overhead by precluding non-orthogonal DMRS ports and letting UE assume that the all signaled co-scheduled DMRS ports must have the same nSCID, [image: image2.png](nscip)
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, and OCC length. No signaling is needed if other co-scheduled DMRS port is non-orthogonal to the serving DRMS-port. 

Proposal 5: Following assumptions are made by UE for all co-scheduled DMRS ports indicated by DCI
· same nSCID
· same [image: image4.png](nscip)
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· same OCC length.

4.2 Signaling format for MUST Case 3
Number of spatial layers for MUST

The amount of signaling information for MOD and co-scheduled DMRS-port(s) of MUST interference depends on OCC length and also the maximum number of MUST interference layers to be signaled. Here we first discuss the maximum number of MUST interference layers to be signaled before deciding the payload size for signaling.  
As stated in [5], we think the number of data layers to be handled is no larger than the number of receive antennas. For two receive antenna case, DCI should contain information for at most one MUST interference layer. If a serving 2Rx UE is rank-2 scheduled, no MUST interference signaling would be provided from network. For a UE equipped with 4 receive antennas and configured with OCC-4, the maximum number of spatial layers that this UE can handle could be 4. Based on the discussion above, we have the following proposals:
Proposal 6: For a MUST UE capable of handling k spatial layers, the maximum number of total co-scheduled spatial layers is k.
DCI field for MUST Case 3 signaling

Next we come to detailed design for DCI fields supporting MUST Case 3. Since OCC-4 is possible for use only when the higher parameter dmrs-tableAlt is set to 1, it is proper to design DCI field for dmrs-tableAlt=0 and dmrs-tableAlt=1 separately. 
For the case with dmrs-tableAlt=0 or dmrs-tableAlt is not defined, following the assumptions in Proposal 4 and 5, at most one MUST interference layer needs to be signaled. Then similar to the DCI design for MUST Case 1, we may consider joint signaling for MOD and the presence of interference and use two bits for indication. For example, if the serving UE is assigned by port 7, then the additional two bits indicates either no interference on port 8 or the MOD of the MUST interference on port 8. If the serving UE is assigned by both port 7 and port 8, then the additional bits are invalid.

For the case with dmrs-tableAlt=1, port 7, 8, 11, 13 are allowed for PDSCH transmission. Following Proposal 5, at most three MUST interference layers could be present. Joint signaling for MOD and the presence of each interference layer needs 2 bits per layer and 6 bits in total to sufficiently indicate MOD and existence of interference on DMRS port(s) not assigned to serving UE. Similar to Table 1, we may define each two-bit field for each interference layer as Table 2:
	Value
	Description

	00
	No MUST interference information

	01
	QPSK is used

	10
	16QAM is used

	11
	64QAM is used


Table 2 Example of DCI field for MOD indication

Here we give two examples to demonstrate our design:

1) Suppose serving UE is assigned by port 7, then the signaling with {00, 01, 00} indicates the MOD/presence information for interference on ports other than the serving port, i.e., port {8, 11, 13}. 
2) Suppose serving UE is assigned by port 7 and port 11, then the signaling with {00, 01, xx} indicates the MOD/presence information for interference on ports other than the ports assigned to the serving UE, i.e., port {8, 13}; xx means these two bits are invalid. 
In summary, we have the following proposal on DCI fields for MUST case3:
Proposal 7: For MUST Case 3, add 2 bits or 6 bits for signaling MOD and antenna port of one MUST interference layer, depending on the value of dmrs-tableAlt.
4. Conclusion
This contribution provides our views on MUST assisted information to be provided from network, and the corresponding detailed design in DCI formats. We have the following proposals:

Proposal 1: Only single DCI is supported in Rel-14 MUST, for all MUST cases.
Proposal 2: In MUST Cases 1 & 2, for each transport block, two additional bits on top of legacy DCI formats should be defined to support the signaling of wideband power ratio and interference presence.

Proposal 3: The combination of rank-1 MUST near UE and rank-2 MUST far UE is not allowed in Rel-14 MUST.
Proposal 4: MUST DCI should indicate MOD of interference associated with a particular DMRS port. The MOD is consistent among all scheduled PRBs.

Proposal 5: Following assumptions are made by UE for all co-scheduled DMRS ports indicated by DCI

· same nSCID
· same [image: image6.png](nscip)
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· same OCC length.

Proposal 6: For a MUST UE capable of handling k spatial layers, the maximum number of total co-scheduled spatial layers is k.
Proposal 7: For MUST Case 3, add 2 bits or 6 bits for signaling MOD and antenna port of one MUST interference layer, depending on the value of dmrs-tableAlt.
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