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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A study item of study on 5G requirements for eMBMS was approved [1] at RAN#80 meeting to identify the relevant requirements defined in TR 38.913 for dedicated terrestrial broadcast networks and analyze the gap. 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 guarantying 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. 
[bookmark: _Ref528416904][bookmark: _Ref129681832]Overview of 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.
MUST category 2 includes MUST schemes with joint mapping of coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The composite constellation uses Gray mapping. The assignment of label bits to UEs is done on the composite constellation.
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 α 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: _Ref528226869]Figure 1: An example of transmitter side processing of MUST Category 2 [2]
Based on the study for MUST, the following conclusion is drawn for PDSCH in TR 36.859:
· MUST can increase system capacity as well as improve user experience in certain scenarios at least for 2Tx case
· MUST is generally more beneficial when the network experiences higher traffic load
· MUST is generally more beneficial in improving user perceived throughput for wideband scheduling case, compared to subband scheduling case
· MUST is generally more beneficial in improving user perceived throughput for cell-edge UEs, compared to other UEs
· MUST-far UEs can be legacy UEs when QPSK is applied to MUST-far UEs or the most two significant bits in the modulation symbol are assigned to far UE
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 as illustrated in Figure 2.
[image: ]
[bookmark: _Ref528227310]Figure 2: Superposition transmission for PDSCH or PMCH [3]
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 [3]. The basic layer and the enhanced layer will have different transmission power, modulation and coding schemes, so that the wide area coverage and enhanced throughput could be achieved simultaneously.
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.
Simulation results of MUST on PMCH
Performance of MUST schemes on PMCH has been evaluated in Rel-13, and the system level simulation results of MUST on PMCH in [4] show that:
· The more power is allocated to the basic layer, the higher throughput will be achieved by the basic layer and some power allocation only causes negligible average throughput degradation of the basic layer. For example, the throughput of the basic layer is the same for the cases that 95% and 100% power (single layer MBSFN) allocated to the basic layer. 
· Larger average throughput gain is achieved by applying MUST on PMCH. 150% throughput gain can be achieved without basic layer throughput loss compared with single layer transmission. Maximally 250% throughput gain can be achieved.
· MUST on PMCH provide the operators with many valuable configurations or billing possibilities, e.g. 4Mbps basic service +extra 2Mbps for 70% of users or 2.5Mbps basic service +extra 12Mbps for 50% of users.
From the simulation results of MUST studied in Rel-13, it is seen that MUST is effective in enhancing the coverage and improving spectral efficiency for broadcast services. 
Proposal: Introduce MUST for SC-PTM and MBSFN to improve spectral efficiency of broadcast network.

Conclusions
In this contribution, some aspects of MUST on PMCH are discussed, and the following proposal are given:
Proposal: Introduce MUST for SC-PTM and MBSFN to improve spectral efficiency of broadcast network.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref167612875][bookmark: _Ref167612671]RP-181706 (revision of RP-181342), “Revised SID on LTE-based 5G Terrestrial Broadcast,” Qualcomm Incorporated, RAN#81, Gold Coast, Australia, Sep 10- 13, 2018.
[bookmark: _Ref528089833]TR 36.859, “Study on Downlink Multiuser Superposition Transmission (MUST) for LTE,” V13.0.0 (2015-12).
[bookmark: _Ref528227294]R1-157610, “Multi-rate superposition transmission of PMCH,” ZTE, RAN1#83, Anaheim, USA, Nov 15-22, 2015.
[bookmark: _Ref528142883]R1-156432, “System level simulation results for the superposition of PMCH and PMCH,” Huawei, HiSilicon, RAN1#83, Anaheim, USA, Nov 15-22, 2015.
image1.png
\I/C{

TB, Coding, RM
ﬁ .
& Scrambling
Coding, RM
7B.| & Scrambling

)

Joint modulation Gray
mapping & Power
allocation





image2.emf
Enhancedratecoverage

Basicratecoverage

eNB

R

b

R

e


