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1 Introduction
In RAN#66, the Multiuser Transmission and Network Assisted Interference Cancellation scheme [1] was firstly proposed. After RAN#67 discussion, the study item was re-named to Study on Downlink Multiuser Superposition Transmission for LTE (MUST)[2] for more properly scope as following:
This study will consider potential enhancements for downlink multiuser transmission using superposition coding.

In particular, the objectives of the study item are the following:
· 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.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
The following sections will briefly explain the concepts of the scheme and suggested possible solutions with specification.
2 Brief Description of Downlink Superposition Transmission    
    Currently, OFDMA is widely adopted as the key multiple access technique in almost all 3.9G/4G systems such as LTE and LTE-A. However, in a theoretical point of view, OFDMA can still not achieve the optimal capacity region and considerable gap still exists to provide the most ideal spectrum efficiency under certain multiple access requirement, for example, satisfying the basic target rates of each scheduled UEs.  

    Superposition coding which transmits the superposition of the modulated coded data of more than one UEs in a given set of RBs [3][4] and decodes with Successive Interference Cancellation (SIC) algorithm is known to achieve the optimal capacity region and is regarded as a potential solution to further improve the achievable spectrum efficiency of current OFDMA scheme. As a typical example, we consider the illustrative system containing one eNB and two UEs, where the two UEs are grouped logically for downlink superposition transmission in the same set of RBs. As shown in Figure 1(b), the two UEs are denoted as UEN and UEF to represent the UE closer and farer to the eNB, respectively. In general, UEN has higher SINR than that of UEF. The eNB is able to schedule the superposition transmissions for the two UEs. The basic scheduling parameter might include the scheduled RBs, as well as the power assignment and MCS (Modulation and Coding Scheme) for the two UEs. The scheduling parameter is generally determined based on the information such as channel strengths, and target rates of each UE. 
    After determining the above scheduling parameters for superposition transmission, the eNB then transmits a superposition code which is the sum of the codeword (the output of the turbo code encoder and QPSK/16QAM/64QAM modulator) associated to the two UEs in the scheduled RBs. Upon an UE receive the superposition code, Successive Interference Cancellation (SIC) decoding scheme is then adopted to decode its own data given that the scheduled parameter is known. Theoretically, the optimum SIC decoding order (i.e. achieving the optimal capacity region) of the UEs is decoding the codeword from the UE with weaker channel strength to that with stronger channel strength.
    To support downlink superposition transmission in LTE system, modification of the current downlink control channel scheme might be needed to signal the additional scheduling parameters which are not needed before, such as power assignment among UEs allocated in the same superposition transmission, as well as the MCS used by other UEs (to facilitate SIC algorithm). In this contribution, the potential issues and possible solutions of the modification of the downlink control channel to support downlink superposition transmission is addressed.
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Figure 1. The comparison of OFDMA and MUST
3 The possible modification of downlink control channel scheme for supporting superposition transmission
The supporting of PDCCH is foundation for providing multi-user superposition transmission in LTE systems. To reduce the efforts of specification decision, one suggestion is avoiding significant modification of the convention PDCCH blinding search mechanism and reusing the existing DCI formats as much as possible. However, following two issues should be considered:

Observation 1. The mechanism for distinguishing users allocated in the same superposition transmission is needed.
Possibility: The UE may have the ability to decode the DCI to other UE allocated in the same superposition transmission. To do this, the UEs may need to have the knowledge of the C-RNTIs used by other UEs. One possibility to achieve that is conveying the C-RNTIs via higher layer signaling. It is also worth to note that the optimal SIC decoding order of each UE is from the weakest channel status to the strongest channel status. Thus, the UE with weaker channel status (i.e. lower SINR) might not need to decode the DCI associated to the UE with stronger channel status. A consequence of this observation is that the overhead of PDCCH might not increase, since the aggregation level used to transmit the DCI of the UE with stronger channel status is not needed to increase.
Observation 2. The information of power allocation among UEs involving in a superposition transmission is in general needed.
Possibility: Power allocation of superposition transmission is new information which is not needed before. However, to reduce the overhead and avoid significant modification to the current scheme (e.g. avoid introduce new DCI format), it is possible to set the power allocation as a semi-static parameter and convey it via higher layer. However, further evaluation is needed to evaluate the performance impact of treating power allocation as a semi-static parameter. 
4 Conclusion

As mentioned above, we suggest the following two solutions:

Proposal 1. To avoid the modification to the current standard, reuse the current DCI format and thus reserve the PDCCH blinding search mechanism can be considered. However, the additional mechanism for distinguishing UEs (e.g. knowing MCS used for other UE) allocated in the same superposition transmission is needed. To do this, the UE may need to know the C-RNTIs used by other UEs and have the ability to decode the DCI of other UE allocated in the same superposition transmission.
Proposal 2. If the power allocation information is treated as a semi-static parameter (and thus can be conveyed via higher layer), it is benefit to reduce the overhead and avoid significant modification to the current scheme (e.g. avoid introduce new format). However, further evaluation is needed to evaluate the performance impact of treating power allocation as a semi-static parameter. 
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