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1. Introduction

In 3GPP TSG RAN #82 meeting, the agenda item of “Study on Downlink Multiuser Superposition Transmission for LTE” for Release 13 [1] is discussed. By the discussion, it is agreed that multiuser superposition transmission schemes (MUST) can be categorized as follows

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation.

In addition, an way forward on mixed transmission schemes for multiuser MUST  was agreed with the following content:
· The following combinations of mixed transmission schemes can be considered in MUST evaluation if time permits

· Transmit diversity scheme and large delay CDD scheme

· Transmit diversity scheme and closed-loop spatial multiplexing scheme

· Transmit diversity scheme and up to 8 layer transmission scheme

· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme

· Proponents to provide detailed assumptions and simulations for the above combinations of mixed transmission schemes

· Assistance signaling of the other superposed UE’s transmission scheme

· Receiver assumptions

· Link-level simulations and link-to-system mapping of mixed transmission scheme blind detection if the blindly detected parameter(s)  are not signaled

· Other combinations of mixed transmission schemes are not considered in MUST evaluation

In this contribution, based on the agreement of previous meeting, the potential assistance information for MUST Category 1 and 2 is discussed in more details.
2. Potential assistant information for MUST Category 1 and 2  operation 
MUST Category 1 and 2, superposition transmission with adaptive power ratio on component constellations. The only difference between these two category is whether Gray-mapping is employed or not. Both of them are symbol level based superposition transmission. 

In  MUST Category 1 and 2, the eNodeB divided all the UE into two group. One group is for the cell center UEs which are near the eNodeB and have high CQI value. The other group is for the cell edge UEs which are far from the eNodeB and have low CQI value. In the transmission, the eNodeB can schedule data for UEs of different group which are superposed with different transmission power settings using the same time and frequency and spatial resources. More specifically, a lower transmission power is allocated to a UE experiencing lower path loss, i.e., the near UE while a higher transmission power is allocated to a UE experiencing higher path loss, i.e., the far UE. If there are 2 UEs, 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.
In MUST Category 1 and 2, for the far UE, since the received signal power for this UE is higher than that for the cell center UE, the signal for the cell-center UE can be regarded as noise. Advanced receiver technologies is not necessary. So MUST operation is transparent to him. There is no need of the additional signaling to the far UE. 
However, 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 scheme, precoding matrix and modulation order of the far UE are required for near UE. One way to achieve this is to signal these information to the near UE in a dynamic way by his own DCI format, which lead to high overhead. Another way is to make the near UE can detect the DCI format of the far UE, which cause high complexity. 
To solve this problem, we can just follow the operation like NAICS where only some assistant information is signaled to the UE. By using these assistant information, the UE can blind detect all the information he need.
To blind detect the transmission scheme, precoding matrix and modulation order of far UE, transmission power 
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 value is essential, otherwise the near UE can do nothing. .
MUST Category 1 and 2, the eNodeB can schedule data for two UE which are superposed using the same time and frequency and spatial resources with adaptive power ratio. Since the scheduling by eNodeB is dynamic, for one near UE point of view, he can be paired with different for UEs in different subframe. Even it is paired with the same UE, the modulation order can also changed in different subframe. Both these two cases lead to the transmission power 
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 value can be different from subframe to subframe. Moreover, depending on the traffic situation, the near UE should also be able to return the none MUST operation for high data rate, that is 
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=1. 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. So to guarantee the scheduling flexibility, dynamic indication of the parameters including transmission power 
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 should be considered. 
For dynamic signalling such as DCI format, overhead is one of the concern point. To reduce the overhead, one possible way is to combine preconfigured signalling by RRC and DCI format to indicate the necessary information for MUST operation. For example, by RRC, we can configure several possible 
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 values including 
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=1 for non must operation. In DCI format, one specific field can indicate which configured 
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 value is selected for transmission in current subframe. This specific field Can be a new field or just reuse current field.  If 
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=1 is selected, it means current transmission is not MUST. Here comes our first proposal as follows:
Proposal 1
-Power information need to be signaled to near UE. It is better to combine RRC signalling and DCI format to signal the Power information for eNodeB's scheduling flexibility.

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 for SIC. 
For the DMRS based transmission scheme, the TM mode can be TM8, TM9 and TM10. For TM8 and 9, the DMRS sequence is generated from cell ID. However, for TM10 to support CoMP operation, the sequence of DMRS can be generated by cell ID or virtual cell ID which is configured by eNodeB. 
 If the near UE is in CRS based transmission mode, he has no knowledge of the sequence of DMRS. So if he is paired with the DMRS based transmission scheme in TM10, virtue cell ID for DMRS sequence generation may be necessary to detect the TM mode and the precoding matrix. For one near UE, it is possible the it is paired with different far UEs in different subframes. So It is better that all possible virtual cell ID of DMRS of paired far UE are signal to near UE by RRC. Based on the above discussion, we have our second proposal as follows:
Proposal 2
- It is better that all virtual cell ID of DMRS for possible paired far UE are configured to near UE by RRC.

In summary, to assistant the near UE blind detect the transmission parameter of the far UE, by RRC, the eNodeB configure multiple possible power ratio and multiple virtual cell ID of DMRS. In DCI format, which configured power ratio is selected is indicated in dynamic manner.  Based on these information, the near UE blind detect the information he need and remove the interference from the signal of far UE.
Except these two kind of information, based on the evaluation, Other potential assistance information such as ZP-CSI-RS of the far UE for MUST Category 1 and 2 are also can be considered if necessary. Here comes our third proposal as follows:
Proposal 3
-Other potential assistance information for MUST Category 1 and 2 are FFS based on the evaluation.

4. Conclusions
In this contribution, we discuss the high the potential assistance information for MUST Category 1 and 2 in more details. Based on the discussion, we have 3 proposals as follows:
Proposal 1
-Power information need to be signaled to near UE. It is better to combine RRC signalling and DCI format to signal the Power information for eNodeB's scheduling flexibility.

Proposal 2
- It is better that all possible virtual cell ID of DMRS of paired far UE are signal to near UE by RRC.

Proposal 3
-Other potential assistance information for MUST Category 1 and 2 are FFS based on the evaluation.
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