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1. Introduction
In this contribution, three issues about the scheduling restrictions of MUST are addressed. The three issues are discussed in Sections 2, 3 and 4, and what the issues are can be identified from the titles of the sections.
2. MUST interference presence/absence consistency among scheduled PRBs
In this section, we discuss whether there should be a scheduling restriction that MUST interference presence/absence is consistent among all scheduled PRBs in a transmit time interval (TTI). The discussion is separated into “MUST Cases 1 & 2” and “MUST Case 3”.
2.1 
MUST Cases 1 & 2
In RAN1#86, the following agreements were made on the assistance information for MUST Cases 1 & 2.

· The following assistance information is provided to MUST-near UE

· For CRS based transmission schemes in MUST Case 1, the information of “existence of MUST interference” and “power ratio” is provided for each spatial layer

· For MUST Case 2, “existence of MUST interference” and “power ratio” are signaled

· FFS: how to signal “existence of MUST interference” (particularly the granularity) and “power ratio”
If MUST interference presence/absence is not necessarily consistent among all scheduled PRBs, several bits are needed to inform the status of existence on different portions of the scheduled resource. We have the following proposal.

Proposal 1: For MUST Cases 1 & 2, from a near-user’s perspective, MUST interference presence/absence should be consistent among all of the scheduled PRBs.
2.2 
MUST Case 3

The evaluation on MUST Case 3 interference existence blind detection are given in [1] and [2] for CRS based and DMRS based TMs, respectively. It is shown therein, for CRS based TMs, blind detection on MUST interference existence is not feasible in MUST Case 3. Moreover, for DMRS based TM in Case 3, if the modulation order (MOD) of the co-scheduled user is signaled, throughput loss due to blind detection on MUST interference existence is negligible. However, when OCC4 is used for DMRS based TM in Case 3, the MOD signaling should be tied to the existence indication of an antenna port. Therefore, interference existence can be regarded as implicitly signaled.
Based on the blind detection evaluation results, we have the following proposals. 
Proposal 2: For both CRS and DMRS based TMs in MUST Case 3, MUST interference presence/absence should be consistent among all of the scheduled PRBs.

3. Co-scheduled users’ MOD consistency among scheduled PRBs
In this section, it is discussed whether there should be a scheduling constraint that the MOD of the co-scheduled user is consistent among all scheduled PRBs. According to the agreements in RAN1#85, in MUST Cases 1 & 2, MOD of the far-user is restricted to QPSK. Therefore the discussion in this section is simply on Case 3.

Whether or not co-scheduled user’s MOD should be the same among all scheduled PRBs depends on how the information about co-scheduled UE’s MOD is obtained. According to our evaluation results on the MOD blind detection [1] and [2], it is shown blind detection on MOD leads to significant near-user throughput loss. Therefore, network signaling is required to inform the target user about co-scheduled user’s MOD. The proposal regarding this issue is given below. 
Proposal 3: For MUST Case 3, MOD of the co-scheduled user should be the same among all of the scheduled PRBs.
4. Maximum number of spatial layers 
In the meeting agreements of RAN1#85, there is an FFS issue on the maximum number of spatial layers for MUST Case 3. Specifically, the agreements are:
· 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.
In MUST Case 3, a user should know signal parameters of the co-scheduled user(s) to perform interference mitigation. The parameters include existence, MOD, and PMI of the interfering signal. If different transmit powers among spatial layers are allowed, then the information about power allocation on spatial layers is also needed. To acquire these signal parameters, network signaling or user blind detection is used, which either consumes radio resource for signaling overhead or increases the receiver complexity. Therefore, it makes sense to limit the number of spatial layers that a user needs to handle. 

In MUST Case 3, the reduced ML receiver based on the sphere decoding algorithm is a popular candidate receiver. With this receiver, when the number of the data layers is larger than the number of receive antennas, the received signal model becomes one in an underdetermined MIMO channel. In this case, special care is needed to perform sphere decoding, and the complexity reduction due to the reduced number of candidate lattice points of sphere decoding becomes much less than in the case of non-underdetermined channel. Therefore, it is desirable from a receiver perspective that the number of data layers to be handled is no larger than the number of receive antennas, which is generally equal to 2. 
In MUST Cases 1 & 2, it was agreed in RAN1#85 that up to 2 spatial layers for each UE are used, which corresponds to the users pairing scenario shown in the figure below.
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In this users pairing scenario, the near-user can perform a two-stage signal detection. In the first stage, the signals intended for the two far-users are demodulated and cancelled from the received signal. In the second stage, the target user performs 2-layer SU-MIMO signal detection. With this receiver architecture, although the total number of data layers in the received signal is equal to 4, the receiver deals with 2 spatial layers of them one at the time, and the problem of the underdetermined MIMO channel does not occur. Note that the rationality of the 2-stage receiver processing lies in the fact that the power allocated for the signal intended for the far-user is much larger than for the near-user. Based on this assumption, the signal detection at the first stage can treat the signals intended for the near-user as the noise without scarifying the detection reliability at the first stage. It is also possible to use a 1-stage signal detection based on the composite constellation on each spatial layer.
In MUST Case 3, the power allocated to co-scheduled data layers may be the same, and the distribution of the received signal power levels on the data layers do not have the high/low-level structure as in Cases 1 & 2. Consider the users pairing scenario in MUST Case 3 given below, where the target user (in red color) has 2 data layers and is equipped with two receive antennas.
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In this situation, the number of spatial layers (equal to 3) which the receiver needs to handle simultaneously is more than the number of receive antennas (equal to 2) to avoid detection performance degradation. Note that, in MUST Case 3, the target user may have a high SNR level, which is different from the condition in NAICS. In NAICS, the target user is located at the cell edge and generally has a low SNR level. At low SNR, the difference in throughputs yielded by a linear MMSE-IRC receiver and an interference cancellation receiver (such as reduced ML) is not as obvious as the case at the high-SNR level. That is, assume the red-color user adopts 2-stage signal detection to avoid the underdetermined MIMO channel and deals with the two strongest data layers at the first stage. In this case, the throughput degradation due to treating one data layer as noise at the first stage leads to obvious throughput loss. Based on the discussion above, we have the following proposal.

Proposal 4: For MUST Case 3, the maximum number of spatial layers for a user is equal to 1. 
5. Conclusion
In this contribution, three issues about the scheduling of MUST were discussed. The summary of the discussion is listed as follows. 

Regarding whether there should be a scheduling constraint that, from a near-user’s perspective, MUST interference presence/absence is consistent among all scheduled PRBs, our proposals are
Proposal 1: For MUST Cases 1 & 2, from a near-user’s perspective, MUST interference presence/absence should be consistent among all of the scheduled PRBs.
Proposal 2: For both CRS and DMRS based TMs in MUST Case 3, MUST interference presence/absence should be consistent among all of the scheduled PRBs.

Regarding whether there should be a scheduling constraint that, for MUST Case 3, MOD of co-scheduled user(s) should be the same among all scheduled PRBs, our proposal is

Proposal 3: For MUST Case 3, MOD of the co-scheduled user should be the same among all of the scheduled PRBs.
Regarding the maximum number of spatial layers of a UE in MUST Case 3, our proposal is 

Proposal 4: For MUST Case 3, the maximum number of spatial layers for a user is equal to 1.
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