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1. Introduction
In the recently approved SID [1] for downlink Multi-User Superposition Transmission (MUST), a key objective of the study is to:

· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
In this contribution we present high level view of potential enhancement schemes that can achieve superimposed transmission in the same spatial layer. 
2. General aspect of superposition coding 
It has been proved via information theory that superposition coding can achieve “broadcast system” bound, with the throughputs significantly higher than that of OFDMA systems. The throughput gain is obtained primarily by exploiting the channel gain difference between near and far users who share the same radio resources [2]. The “near” and “far” here refer to the distance between UE and eNB. Hence, near UEs are those close to eNB and have good “geometry” or average downlink SINR, while far-away UEs tend to be at the cell edge whose “geometry” or average SINR is poor. 
Note that “broadcast channel” in information theory is equivalent to superimposed transmission on downlink, and the “superposition” can be done either in power domain, code domain, or spatial domain. As specifically indicated in [1], Rel-13 MUST focuses only on power domain or code domain of the superposition transmission, while leaving further optimization of spatial multi-user transmission to further releases.

Generally, modulated signals of multiple users can be superimposed in a straightforward manner, i.e., linearly added up, resulting in a direct summation of signal powers of multiple users being multiplexed together. At the receiver side, the far-away UE would try to demodulate and decode its own information bits since the signal component target to this UE is relatively strong. On the other hand, the signal component of near UE would become quite weak when getting to far-away UE, thus can be treated as the interference. 
For a “near” UE, it would first try to demodulate and decode the signal component of far-away UE which is likely to be stronger than its own signal. Upon the successful demodulation or decoding of far-away UE’s signal or data, the “near” UE can regenerate the interference caused by the far UE and then remove it from the received signal using successive interference cancellation (SIC). After SIC, the near UE would demodulate and decode its own message [2]. 

It should be noted that the theory of superposition coding often does not consider the practical signal constellation and channel coding when deriving the capacity formula. However, in real-world engineering, superposition coding has to be realized either in power domain as mentioned above, or in code domain, which is to be discussed in subsequent section.
3. Enhanced superposition scheme 

Code domain aspect of superposition transmission contains two parts: 1) signal constellation; 2) channel coding. In wireless industry, the design of signal constellation and the design of channel coding are usually separate for two reasons. First, it is easier to individually optimize signal constellation and channel coding, rather than the joint optimization of both. Second, it provides more flexibility in form different combinations of constellation and channel coding, in order to serve more diverse requirements of the data rate, reliability, complexity, and fading conditions, etc. This trend was reinforced in LTE/LTE-A where the primary channel codes, e.g., turbo codes, are so powerful, that they can work with virtually any types of signal constellations, without significant degradation in performance. In this regards, for superposition coding, although full optimization would be done by considering signal constellation and channel coding together, e.g., with the possibility of redesigning turbo codes, it may be more feasible or worthwhile by optimizing only the signal constellation without touching the channel coding. 
Let us first examine the constellation of direct power domain superposition, as illustrated Fig. 1 and Fig. 2, for two QPSK constellations and QPSK+16QAM constellation, respectively. The power ratio is 4:1 in both figures.

[image: image1.png]S =3 S =
=e =0 o= o=
=} = o =]
=3 — =3 —
=0 =0 o [ Jam
S S o o
=3 — o —
Se =0 o< o





Figure 1 Direct superposition of two QPSK constellations, power ratio = 4: 1
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Figure 2 Direct superposition of QPSK and 16-QAM constellations, power ratio = 4: 1

It is observed that while the constellation mapping of each UE’s code bits is Gray mapping, the constellation of directly superimposed signal is far from Gray mapping, leading to certain capacity loss in general, regardless of the channel codes to be used. In fact, the coded bit to constellation mapping can be various as shown in Figs 1~2, depending on the power ratio, the modulation of each UE’s signal, etc. The arbitrary mapping would hamper the further optimization of superposition transmission. In another word, there is room for improvement from the constellation aspect of superposition coding.
With the above reasoning, the following criteria may be considered for the enhancement on top of the power domain linear superposition:
· Simple shuffling of bits information or modulation symbols before combination, resulting in minor impact on the transmitter side processing
· Being able to support different modulation schemes 

· Striving to achieve Gray-nature mapping (only 1 bit flipped between adjacent constellation points) in the superimposed signal
· Robust performance of UE receiver, for example using symbol level interference cancellation rather than bit-level interference cancellation. This also helps to lower the cost of UE implementation.
One example of such enhancement is illustrated in Fig. 3 where two QPSK modulated UEs are superimposed. The power ratio is 4: 1. The bit mapping of the high powered user is still the traditional Gray mapping. However, for the low powered user, its constellation depends on the constellation point of the high power user. In the case that the superposition is between “00” of high power user and a constellation point of low powered user, then the upper-right four points (which are the original Gray mapping of QPSK) would be used for the low powered user. 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. Similarly, for “11”, the lower-left four points (both horizontally and vertically flipped of the original Gray mapping) are to be used. For “01”, the lower-right four points (vertically flipped) would be used. As a result, the superimposed signal has the characteristics of Gray constellation via such simple flipping.
[image: image3.png])1
)1
)0

0000
[ ]
)0
[
)
1C
[ ]
1C

0
0
0

o - - o
e e o= o_
(=) (=) o (=)
o — — o
Se e o= o=
o —_ — o
(=l (=3 o =
Se Ze LIER 1=





Figure 3 An example of bit mapping for the low powered user flipped vertically or horizontally, two QPSK signals with power ratio = 4: 1
4. Conclusions

In this contribution, general aspect of superposition coding was discussed for MUST. After pointing out the limitation of power domain direct superposition, we listed a few possible criteria for the design particularly in the aspect of optimization of signal constellations. An example was provided which has the potential of delivering robust receiver’s performance and reducing the cost in implementing complicated bit-level interference cancellation. 
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