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1. Introduction
In RAN1#81 Chairman’s notes [1], companies are encouraged to provide their superposition transmission schemes including receiver and high-level description of signaling schemes to be captured in TR [2]. In this contribution, we describe a symbol level superposition scheme [3] with Gray mapping.  The scheme is presented from the aspects of transmitter side processing, receiver type, and the corresponding signaling. 
2. Transmitter Side Processing
There are two implementations at the transmitter which are equivalent from baseband processing point of view. 
The first implementation is shown in Fig. 1 where information bits of UE1 and UE2 are first encoded. The coded bits of near UE (UE1) XOR the coded bits of the far-away UE (UE2). Then, the modified coded bits of UE1 and the original coded bits of UE2 go through each of their modulators separately. In the end, amplitude-weighted symbols of UE1 and UE2 are summed up.
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Figure 1 Symbol level superposition with Gray mapping by XOR operation before modulation
An example is illustrated in Fig. 2 where QPSK modulation is used for both UEs. The power ratio is 4: 1. The far-away and thus high powered user (UE2) keeps using the traditional Gray mapping. For the near and thus low powered user (UE1), its constellation depends on the coded bits of UE2. In the case that the coded bits of UE2 are “10”, and the coded bits of UE1 are “10”, the result of XOR is “00”. As a result, the superimposed constellation is Gray mapped.
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Figure 2 An example of achieving Gray constellation via XOR operation. Two QPSK signals with power ratio = 4: 1

In the second implementation, information bits of UE1 and UE2 are first encoded and independently modulated. Then the modulation symbols of UE1 are horizontally or vertically flipping according to the amplitude-weighted symbols of UE2 as shown in Fig. 3. 
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Figure 3 Symbol level superposition with Gray mapping by flipping UE1’s constellation
An example is illustrated in Fig. 4. for UE1, its constellation symbols depend on the constellation points of the high power user. In the case that the superposition is between “00” of high power user (UE2) and a constellation point of low powered user, the upper-right four points (which are the original Gray mapping of QPSK) would be used for the low powered user. Similarly, if the superposition is between “10” of high power user and a constellation point of low powered user, the upper-left four points (which are the horizontally flipped version of the original Gray mapping) are to be used for the low powered user. As a result, the superimposed signal has the characteristics of Gray constellation via such simple flipping.
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Figure 5 An example of bit mapping for the low powered user (UE1) flipped vertically or\and horizontally, two QPSK signals with power ratio = 4: 1

3. Receiver Type
Symbol level successive interference cancellation (SIC) is carried out at the receiver of the near user (UE1), whereas MMSE-SIC receiver is assumed for far-away user (UE2). 
4. Signaling aspect
RRC signalling is needed to configure transmission mode for MUST. To efficiently support the dynamic scheduling of MUST, the following signalling is necessary.

· Downlink signaling

Symbol-level SIC receiver would require less scheduling information to be exchanged between two paired users, compared to code-level SIC receiver. This makes it possible to use a single DCI to grant the downlink transmissions of paired users. Using a common DCI for two users would save the signalling overhead. 
The payload of this common DCI needs to be designed carefully, to ensure that the DL grant can reach both near and Design of DCI can be refined by keeping only the essential scheduling information, for example, MCS of each pair user, etc. 
· Uplink feedback
Enhanced CQI may be needed in order to more accurately reflect symbol SINR and interference at the output of symbol-level SIC. In general, the interference condition is time varying, not only due to the fast fading channel, but also because of the dynamic pairing process. This results in different CSIs for different subframes. It would be beneficial for eNB to obtain CSI in selected subframes [4]. 
5. Conclusions

In this contribution,  symbol level superposition with Gray mapping is described, from the aspects of transmission processing, receiver type, and control signalling.
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