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1. Introduction

In 3GPP TSG RAN #81 meeting, the agenda item of “Study on Downlink Multiuser Superposition Transmission for LTE” for Release 13 [1] is discussed. By the discussion, for multiuser superposition transmission(MUST) Schemes, the following conclusion was achieved:
· Companies are encouraged to provide their own superposition coding transmission schemes (including receiver and high-level description of signalling schemes) to be captured in TR until RAN1#82 meeting

· Companies are recommended to evaluate performance of multiuser superposition schemes with and without Gray mapping until RAN1 #82 meeting
In this contribution, based on the conclusion of previous meeting, the high level view on the signaling issues are discussed in more details.
2. NOMA for MUST  Operation
Multiuser superposition transmission could allow multiple users to share the same resource elements without spatial separation, and allow improving the MU system capacity for networks. One candidate technique for MUST is non-orthogonal multiple access (NOMA).
In NOMA, the eNodeB divided all the UE into two group based on the CQI feedback. 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. The detail operation of NOMA transmitter when there are 2 UEs involved in the MUST is shown in figure 1.
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Figure 1. the operation of NOMA transmitter.

In NOMA as figure 1, if there are 2 UEs involved in to the MUST operation, the complex valued modulation symbol block vector of them are denoted by 
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 (u=1~2). The final complex value of the symbol block 
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 is the multiplexing of two different UE's modulation symbols using the same time and frequency resources but allocating different transmission powers. 
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can be represented equation (1):
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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). An example of NOMA superposed constellation obtained when the near and far UEs use QPSK is shown in Figure 2.
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Figure 2. Example of NOMA superposed constellation.
For NOMA, the operation of the receivers are shown in Figure 3. 
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Figure 3. NOMA receivers.

(a)Far-UE receiver;  (b)near-UE  receiver
In NOMA, at the receiver side, for the far UE, since the received signal power for this UE is higher than that for the near UE, signal for the near UE can be regarded as noise. The receiver of the far-UE shown is just the same as original LTE receiver.  Advanced receiver technologies is not necessary.

On the other hand, for the near UEs, application of advanced interference cancellation is required since the data signal for the far UE significantly interferes that for the near UE on the same time and frequency resources. For the near-UE, at first, it performs demodulation the far-UE's modulation symbol from the received signal based on the power value. Then by SIC, it removes the far-UE signal from the received signal.  Next, the near-UE demodulate its own symbol from the remain signal.
3. Signaling for NOMA operation 
In NOMA, for the far UE, advanced receiver 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. Based on the agreement in RAN1#80bis meeting superposed UEs use the same transmission scheme and precoder. So for symbol level IC/R-ML, only modulation order of the far UE is unknown. In addition, transmission power information 
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is also required for near UE. regarding to these two parameter, transmission power information 
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 is essential. As to the modulation order, depending on the evaluation results, more investigation is required. One way is just like NAICS. With the power information, the modulation order of the far UE can be blind detected. So whether modulation order is necessary need more study.

Based on the above discussion, we have our first proposal as follows:

Proposal 1
-Power information need to be signaled to near UE. Other information such as modulation order is FFS.
In NOMA, the eNodeB can schedule data for two UE which are superposed using the same time and frequency and spatial resources. 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 
[image: image16.wmf]a

=1 for non must operation. In DCI format, one specific field just indicates which configured 
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 value is selected for transmission in current subframe. If 
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=1 is selected, it means current transmission is not MUST. Here comes our second proposal as follows
Proposal 2
- Dynamic signaling is required near UE to give eNodeB scheduling flexibility.

4. Conclusions
In this contribution, we discuss the high level views on the signaling for MUST operation in more details. Based on the discussion, we have 2 proposals as follows:
Proposal 1
-Power information need to be signaled to near UE. Other information is FFS.
Proposal 2
- Dynamic signaling is required near UE to give eNodeB scheduling flexibility  .
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