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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A study item of study on 5G requirements for eMBMS was approved at RAN#80 meeting to identify the relevant requirements defined in TR 38.913 for dedicated terrestrial broadcast networks and analyze the gap [1]. Potential solutions if needed can also be studied.
Both MBSFN and SC-PTM techniques can provide networks supporting broadcast services. The MCS is configured to UE for PMCH reception, so that the MCS as well as the data rate is the same for all UE receiving the PMCH. Similarly, the MCS/data rate is the same in the group UE which receive the same data transmitted on PDSCH. This is for the purpose of guaranteeing the coverage of the cell edge users, so that the spectral efficiency of broadcast networks is limited to the channel quality of the cell edge users. If different MCS and data rates can be used for the central users and edge users, respectively, the broadcast networks can get a higher spectral efficiency while the coverage can still be guaranteed.
MUST (Multiuser Superposition Transmission) can improve spectral efficiency by enabling the simultaneous transmission of more than one superposed data layer for co-scheduled users [2] which can use different modulation and coding schemes. It has been studied in Rel-13, and MUST for PDSCH was introduced to LTE in Rel-14. This contribution discusses the MUST technique and the feasibility used for broadcast services. In addition, MUST-like technique named as LDM (layered division modulation) is adopted by the latest terrestrial broadcasting standard ATSC3.0, aiming to improve the spectral efficiency of the system. 
There are several use cases for which MUST used for broadcast can be beneficial. If the basic layer and the enhanced layer have different contents, UEs in the center that receive signals from both basic and enhanced layer can receive more programs compared with edge UEs that only receive the basic layer signal. This use case has no special requirements for the source codec so as to have little specification impact. If the basic layer and the enhanced layer have the same content but with different resolution, e.g. UEs at the edge see SD video and UEs in the center see HD or UHD video. This use case needs a differential source codec, e.g. SHVC (Scalable High efficiency Video Coding), and need some standardization in SA4.
[bookmark: _Ref535509960]Overview of MUST
[bookmark: _Ref528416904]Transmitter for MUST
The MUST technique enables the simultaneous transmission of more than one superposed data layer for co-scheduled users using the same spatial precoding vector or the same transmit diversity. Between the two UEs that are superposed, the UE with higher SINR is considered as MUST-near UE, while the UE with lower SINR is considered as MUST-far UE.

There are several MUST transmission solutions [3] which were discussed during standardization of MUST. An example of transmit side processing for this category is shown in Figure 1. After channel coding, rate matching (RM) and scrambling, the coded bits for MUST-near and MUST-far UEs are jointly mapped to modulation symbols with  which is the transmission power ratio for a MUST-near user. More specifically, the modulation symbols of MUST-near UE depend on not only the coded bits of MUST-near UE but also the coded bits of MUST-far UE. With joint modulation mapping for MUST-near and MUST-far UEs, Gray mapping is kept for the label bits of the composite constellation.
[image: Classification of MUST schemes_SOMA]
[bookmark: _Ref535484204]Figure 1: An example of transmitter side processing of MUST [2]
Figure 2 shows an example composite constellation of MUST.
[image: ]
[bookmark: _Ref535484194]Figure 2: An example of composite constellation of MUST
Receiver for MUST
Semi-Orthogonal multiple access (SOMA) as one solution of MUST [3] was adopted in LTE Rel-14. According to the discussion in [3], the MUST-far UE receiver shown in Figure 3 (a) performs demodulation of the received signal and then decoding of its own codeword. The MUST-near UE receiver shown in Figure 3 (b) performs demodulation of the received signal, collecting the near coded bits/LLRs and then performs decoding of the MUST-near UE codeword. 
[image: ][image: ]
     (a) MUST-far UE receiver                                        (b) MUST-near UE receiver
[bookmark: _Ref536711927]Figure 3: MUST UE receiver
It is seen that MUST-near UE can perform the decoding directly from the collected coded bits after demodulation without regenerating the interference caused by the MUST-far UE message and then canceling it from the received signal using Successive Interference Cancellation (SIC). Therefore, MUST-far UE and MUST-near UE can both have simplified receiver. 
[bookmark: OLE_LINK180][bookmark: OLE_LINK181]Feasibility analysis of MUST for broadcast services
How MUST is used to PDSCH and PMCH has been studied in Rel-13 [2], where for PMCH the superposition works on two PMCH channels and two superposition layers are assumed as the basic layer and the enhanced layer. Basic layer is expected to provide large broadcast coverage, and the enhanced layer is expected to offer higher throughput for parts of the MBSFN users.
Based on the overview of MUST in section 2, it is seen that the fundamental concept of MUST is common for PDSCH superposition and PMCH superposition. SC-PTM as one mechanism to convey broadcast services uses PDSCH for transmission. Therefore, MUST can be used in SC-PTM as well. Note that MUST for SC-PTM and PMCH are not supported in LTE so far.
In addition, according to the companion contribution [4], the simulation results show that MUST can obviously improve the spectral efficiency of SC-PTM or MBSFN based broadcast services to support large coverage and high mobility scenarios. Moreover, MUST for unicast transmission has been specified and adopted in LTE Rel-14, extending MUST to SC-PTM or MBSFN for broadcast is expected to have little specification impact.

Observation: MUST improves the spectral efficiency of SC-PTM or MBSFN based broadcast service to support large coverage and high mobility scenarios, which is expected to have little specification impact.

Conclusions
This contribution briefly introduces MUST which has been specified and adopted in LTE Rel-14 and the corresponding transmitter and receiver modulus. According to the analysis in this contribution and the simulation results in the companion contribution, the following observation is derived:
Observation: MUST improves the spectral efficiency of SC-PTM or MBSFN based broadcast service to support large coverage and high mobility scenarios, which is expected to have little specification impact.
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