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1. Introduction

In 3GPP TSG RAN #82bis meeting, the agenda item of “Study on Downlink Multiuser Superposition Transmission for LTE” for Release 13 [1] is discussed. By the discussion, for potential assistant information, the following agreement was achieved:
· The following should be considered as potential PDSCH assistance information for MUST Category 1 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far UE or near UE)

· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)

· Modulation order of MUST paired UE 

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 

· Resource allocation of MUST paired UE 

· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 

· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)

· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)

· Precoding vector(s) of MUST paired UE 

·  CWIC (available receiver type for near UE)

· The above potential assistance information for ML receiver

· TBS of MUST paired UE

· HARQ information of MUST  paired UE 

· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user

· MMSE-IRC (available receiver type for far UE)

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation

For the CSI enhancement, there is no agreement in 3GPP TSG RAN #82bis meeting.
In this contribution, based on the agreement of previous meeting, the potential assistance information for R-)ML/SLIC receiver is further discussed in more details. In addition, CSI Enhancement issue is also discussed.
2. Potential DL Control Signaling for MUST Category 1 and 2  operation 
In MUST, the eNodeB can schedule data for two UE which are superposed using the same time and frequency and spatial resources with adaptive power ratio. More specifically, a lower transmission power is allocated to the near UE with power ration 
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, while a higher transmission power is allocated to a far UE with power ration 1-
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. The final complex-valued symbol block 
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which is the multiplexing of two different UE complex-valued symbol block vector 
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 of the u-th (u = 1~2) UE can be represented by 
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where i represent the symbol index, 
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 is the transmit power (ratio) of the 1st UE (cell center UE). 
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 are the precoding matrix of near and far UE.
At the receiver side, for the near UE, to remove the interference from the far UE, additional signal on the parameters of far UE is required based on different type of receiver. For symbol level IC/R-ML, transmission power 
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 value is essential, otherwise the near UE can do nothing. To reduce the overhead, by RRC, we can configure several possible 
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 values. Which configured 
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 value is selected for transmission in current subframe can be blind detect by the UE or indicate by DCI.
In addition, As agreed by the 3GPP RAN1# 82 meeting, mixed transmission schemes can be considered. So if far UE involved in the MUST operation has DMRS based transmission mode and the near UE has CRS based transmission mode, the near UE should be able to measure the DMRS of the far UE to estimate effective channel of MUST paired UE for SIC. So It is better that virtual cell ID of DMRS of paired far UE are signal to near UE by RRC.
Moreover, depending on the traffic situation, the near UE should also be able to return the none MUST operation for high data rate. So dynamic switch between MUST and none MUST operation should be supported. These two cases are also need to be indicated to the near UE，that is, the near UE should know the existence/processing of MUST interference. However, the existence/processing of MUST interference can also be reflected by power ratio information. When 
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=1, it is none MUST operation; otherwise, MUST is operated. So the indication of the existence/processing of MUST interference can be harmonized into the power information signaling. Here comes our first proposal as follows:
Proposal 1
-Power information and DMRS information need to be signaled to near UE. The information on Existence/processing of MUST interference can be harmonized into the power information.

For the resource allocation information of MUST paired UE, if we assume that the two UEs involved in the MUST operation have the same resource, it is not necessary to signal this information. However, for the scheduling flexibility, it is better that different the resource allocation can be applied to MUST UEs. Since the resource allocation in scheduling dynamically changes from subframe to subframe, explicit signalling this information in DCI format will cause high overhead. To solve this problem, by RRC, resource allocation granularity information can be configured. The near UE can blind detect the required information within the resource allocation granularity similar as NAICS.
For the PDSCH RE mapping information of MUST paired  UE, since the UEs involved the MUST share the same TP, they have the same understanding on PDSCH RE mapping. Regarding to the other information such as modulation order, transmission scheme and precoding vector of MUST paired UE, if possible, it is better by blind detection. Here comes our second proposal as follows:

Proposal 2
- The information on resource allocation of MUST paired UE can be solved by resource allocation granularity as NAICS. Regarding to the other information of MUST paired UE, if possible, it is better by blind detection.
3. CSI enhancement for MUST operation 

The CSI enhancement for MUST includes PMI and CQI enhancement. The PMI reporting enhancement makes UEs report multiple PMIs along with corresponding CSI. From equation (1), different UEs can use different precoding matrix for data transmission. However, if these two UE share the same precoding matrix in MUST operation, the performance will be better. So by multiple PMI reporting, the probability of the UEs with the same precoder being paired is increased. So that the throughput performance can be improved. 
For CQI enhancement, multiple CQI values may be calculated by the UE under different PDSCH power ratio that could be used by the eNodeB for PDSCH transmission. This information is beneficial for MCS selection considering the actual scheduling decisions at the eNodeB side.
If there is no CQI enhancement, the eNodeB relies on the current CQI report for scheduling. For example, if the near UE report 16QAM related CSI, the eNodeB can schedule the near and far UEs use QPSK for MUST operation. An example of NOMA superposed constellation obtained when the near and far UEs use QPSK is shown in Figure 2. The final constellation is 16QAM like by combining two QPSK.
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Figure 2. Example of NOMA superposed constellation.
In this scheme, there will be another consideration on the different error rate of different bits in QAM. By the current CSI reporting, when the UE report QAM related MCS level, the BLER calculation is based on all the bits in the constellation. In the MUST transmission, the near UE only use part of these bits which have the worse BER than the others. As the example shown in figure 2, the two bits assigned to the near UE cannot achieve the BLER performance in the MCS level from CQI reporting. So the related issue need further study. 
Based on the above discussion, we have our third proposal as follows:
Proposal 3
- CSI especial CQI enhancement need further study for the near UE .

4. Conclusions
In this contribution, we discuss the DL Control Signaling and CSI Enhancement for MUST in more details. Based on the discussion, we have 3 proposals as follows:
Proposal 1
-Power information and DMRS information need to be signaled to near UE. The information on Existence/processing of MUST interference can be harmonized into the power information.

Proposal 2
- The information on resource allocation of MUST paired UE can be solved by resource allocation granularity as NAICS. Regarding to the other information of MUST paired UE, if possible, it is better by blind detection.
Proposal 3
- CSI enhancement can be considered for the near UE.
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