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1. Introduction
The MUST WI was approved at RAN #71 meeting [1]. In Apr RAN1 #84bis meeting, the LS on potential parameters for blind detection in MUST was sent to RAN4 [2]. Further, the LS summarizing RAN1 agreements in May RAN1 #85 meeting was sent to RAN4 in [3].
RAN4 work on MUST was started from May RAN4 #79 meeting, and the main task is to provide suggestions on which assistance parameters can be blindly detected or signaled. Two WFs on blind detection issues and assumptions for blind detection simulation were agreed respectively in [4] and [5]. In addition, offline email discussion on MUST application scenario and link simulation setup is conducted.
In this contribution, we first discuss the method to obtain the assistance information for MUST case 1 and case 2, and then provide our view on MUST application scenario and simulation setup as also expressed in the offline discussion.
2. Assistance information for MUST case 1 and case 2
For MUST case 1 and case 2, it was agreed that far UE’s modulation order is limited to QPSK, thus the candidate assistance information for signaling or blind detection by the near UE include:

· Existence of MUST interference

· Transmission power allocation of its PDSCH and of the far UE’s PDSCH
For MUST-near UE, one question is whether MUST interference presence/absence is consistent among all of its scheduled PRBs per spatial layer, i.e., can the UE be scheduled as MUST-near UE in some PRBs, and scheduled as non-MUST UE in the other PRBs? If yes, how can UE obtain the interference existence information for each scheduled PRB/PRB group?

One approach is that the MUST-near UE could know the interference presence/absence by comparing the modulation order obtained from its DCI and from the blind detection of the BS transmission signal. Some initial simulation results on interference existence blind detection were provided in [6] [7] at the last RAN1 meeting. Meanwhile, RAN4 agreed the simulation assumptions on the blind detection of interference existence and power ratio in [4] [5] at RAN4 #79 meeting in May, and more simulation results are expected in the August meeting.

From our perspective, it is suggested that MUST interference presence/absence is consistent among all the scheduled PRBs per spatial layer. Although this may limit the scheduling flexibility to some extent, UE implementation complexity can be reduced since interference existence blind detection for each scheduled PRB/PRB group is not needed. In addition, considering that the error in interference existence detection will lead to 100% BLER of the PDSCH [4], this approach could avoid the MUST performance degradation by the failure of detection in the interference existence.

Proposal 1: In MUST case 1 and 2, MUST-near UE assumes MUST interference presence/absence is consistent among all the scheduled PRBs per spatial layer, and blind detection of interference existence for each scheduled PRB/PRB group is not needed.
Regarding the signaling aspect, based on the above analysis, we propose to add 1 DCI bit per spatial layer to dynamically indicate whether MUST interference needs to be cancelled. 
Proposal 2: For one UE configured in MUST mode, add 1 DCI bit per spatial layer to indicate whether MUST interference needs to be cancelled.
For the modulation order combinations with multiple power ratios, to save the DCI overhead, it is proposed to blindly detect the power ratio at MUST-near UE.

· If the blind detection at per PRB or per PRB group basis is concluded as feasible in RAN4, it is allowed that the power ratio can be different among PRBs or PRB groups;

· Otherwise, the same power ratio across the near UE’s scheduled PRBs in each TTI and each spatial layer should be adopted.
Proposal 3: In MUST case 1 and 2, for the modulation order combinations with multiple power ratios, blindly detect the power ratio at MUST-near UE. Whether the power ratio can be different among PRBs or PRB groups depends on RAN4 study on the blind detection performance.
3. Application scenario and simulation setup for blind detection evaluation
Several questions on the application scenario and simulation setup for blind detection evaluation were raised during the offline email discussion. In this section, we present our answers to these questions. Moreover, the technical reasons for our answers are also provided.
Question 1: Whether a hybrid of MUST Case 1 and Case 3 is allowed? E.g., in the following figure, a near UE (UE-1) is facing one far UE (UE-2) on the same spatial layer and one interference UE (UE-3) on another spatial layer.
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Answer 1: No for 2Tx, and not precluded for 4/8Tx.
· For 2Tx transmission, RAN1 has agreed up to two co-scheduled UEs within a cell are considered for MUST case 3 [2], and thus this is not allowed.
· For 4/8Tx transmission, this is not precluded if the following conditions are satisfied:
1) If case 3 will be specified
2) The number of co-scheduled UEs within a cell is no more than 4 (RAN1 agreed that for 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are considered)
3) The maximum number of data layers to be cancelled is as the same as that in case 3
Technical reason: 
Hybrid case 1 & 3 allows more scheduling flexibility. Some companies have concern on the BS/UE complexity and signaling overhead in hybrid case 1 & 3 scenario. Our view is that for 4/8Tx, although the complexity and signaling overhead for hybrid case 1 & 3 may be increased compared to case 1, they are not increased compared to case 3 when the 3 conditions mentioned above are satisfied.
Question 2: Should NOMA pairing be allowed when the near UE is already rank-2? E.g., scenarios 1 and 2 in the following table
	Scenario 1
	Scenario 2
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Answer 2: FFS
Firstly, would like to clarify whether the interference among different spatial layers needs to be cancelled as well. More specifically,
· 1) are the two scenarios considered for MUST case 1 only? i.e., does UE need to cancel the interference from one different spatial layer/UE with R-ML receiver?
· 2) is SU-MIMO intra-user inter-layer advanced receiver applied at the same time?

Technical reason:
In general, these two scenarios are possible in practical. Meanwhile, we have to first consider and clarify the UE receiver implementation under the two scenarios:
As we know, intra-user inter-layer interference cancellation receiver for rank 2 SU-MIMO have been introduced in Rel-12, where both R-ML and CW-IC receivers are feasible, and the final performance requirements are specified based on R-ML receiver [8]. This SU-MIMO advance receiver would obviously improve the link throughput. Therefore, if the two scenarios above are allowed, UE receiver should be able to cancel both SU-MIMO interference and MUST interference. Otherwise, if only MUST interference between two UEs within the same spatial layer is handled, we are afraid that the overall performance will be impacted.
Also, it should be clarified whether the two scenarios are considered for MUST case 1 only? i.e., does UE need to cancel the interference from one different spatial layer/UE with R-ML receiver (e.g., interference between UE 2 and UE 3)?
Question 3: If DMRS-base TMs support MUST case 1, with which option should the power ratio being blind detected? (The supporting of DMRS-based TM with MUST case 1 is still FFS in RAN1.)

1. Power ratio scales the transmit power of the DMRS, e.g., port 7 is scaled by alpha for far UE and port 8 is scaled by 1-alpha by near UE. Near UE needs to perform blind detection based on both DMRS in port 7 and PDSCH REs for the interference existence and/or power ratio.

2. Power ratio scales the transmit power of only one DMRS, e.g., only port 7 is scaled by alpha for both near and far UEs. Near UE needs to perform blind detection based on PDSCH REs for the interference existence and/or power ratio.

3. Power ratio does not scale the transmit power of DMRS. Near UE needs to perform blind detection based on PDSCH REs for the interference existence and/or power ratio.

Answer 3: FFS
· Since the supporting of MUST Case 1 in DMRS-based TM is still FFS in RAN1, this scenario can be treated as lower priority in August meeting.

· One question: for option 2, why port 7 is scaled by alpha for both near and far UEs? In our understanding, the power for port 7 does not need to be scaled in this option.

Technical reason:
Basically, MUST case 1 is more beneficial for BS with smaller number of Tx antennas; and for BS with smaller number of Tx antennas, CRS based TMs is more efficient. So, MUST Case 1 in DMRS based TM can be deprioritized, and RAN4 can focus on some more important issues in Aug meeting.
Question 4: Whether unequal power allocation between the two spatial layers for MUST Case 3 is allowed in CRS-based TM? If allowed, what are the values?
Answer 4: No
Limit the standard impact and implementation complexity for case 3.
Technical reason:
Unequal power allocation will increase the standard impact (e.g., BS signaling) and implementation complexity (e.g., BS scheduling, UE detection), and performance benefit has not been verified as well.
Question 5: For a CRS-based TM to support MUST case 3, whether the following the restriction should be hold?

The two rank-1 precoders assigned to the two paired UEs should form a legal rank-2 precoder in a codebook. E.g., if the target UE is using precoder 
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 in a 2TX case, then the only possible precoder of its interference UE is 
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Answer 5: No
From RAN1 aspect, non-orthogonal precoders are not precluded. For the tests in RAN4, both scenarios (orthogonal and non-orthogonal) can be simulated, and then to pick one scenario or both scenarios for the test based on the simulation results.
Technical reason: 
From RAN1 aspect, restriction on precoders of paired UEs is not defined till now, and both orthogonal and non-orthogonal precoders are allowed. Since the parameter blind detection accuracy under the two scenarios (i.e., orthogonal and non-orthogonal) may be different, it is worth to simulate both scenarios.
Considering the RAN4 demodulation test in the next stage (if any), it should be able to differentiate UEs with or without R-ML. Not sure if sufficient gap between the link performance with and without R-ML can be observed if the preocders are orthogonal and the inter-UE interference is relatively small. 

Question 6: For a DMRS-based TM to support MUST case 3, which precoder assumption for the interference UE should be used in RAN4’s blind detection evaluation?

1. Randomly select a precoder among the codebook

2. Pick the one precoder which minimizes the interference (e.g., in terms of the received power) to the target UE

3. Other methods

Answer 6: 1 and 2
Similar to the answer for question 5, both options (option 1 and 2) can be simulated, and to select one option or both options for the test based on the simulation results.
Technical reason: 
Similar considerations with that for question 5.
4. Conclusion
This contribution firstly discussed the method to obtain the assistance information for MUST case 1 and case 2 in section 2, and the following proposals were given:

Proposal 1: In MUST case 1 and 2, MUST-near UE assumes MUST interference presence/absence is consistent among all the scheduled PRBs per spatial layer, and blind detection of interference existence for each scheduled PRB/PRB group is not needed.

Proposal 2: For one UE configured in MUST mode, add 1 DCI bit per spatial layer to indicate whether MUST interference needs to be cancelled.
Proposal 3: In MUST case 1 and 2, for the modulation order combinations with multiple power ratios, blindly detect the power ratio at MUST-near UE. Whether the power ratio can be different among PRBs or PRB groups depends on RAN4 study on the blind detection performance.

In section 3, our answers to the questions on MUST application scenario and simulation setup were presented. Moreover, the technical reasons for our answers were also provided.
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