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1
Introduction
In the research work presented in [1], we study optimal transmission approaches for the delivery of broadcast/multicast signals (i.e. a common message) and unicast signals (i.e. independent messages) from a single base-station to multiple receivers in mobile and portable environments. Particularly, we consider a two-layer broadcast/multicast and unicast superposition transmission (BMUST) in Orthogonal Frequency Division Multiple Access (OFDMA) systems, which is the main multiple access technology in the 3GPP LTE and NR 5G physical layer radio interfaces. The two-layer BMUST scheme considered in [1] orthogonally multiplexes the unicast signals into the OFDMA resource elements (REs) and superimposes a single broadcast/multicast signal that uses all available time and frequency resources. This approach is different to the multiplexing of broadcast/multicast and unicast schemes included in LTE Rel-14 that rely only on orthogonal allocation of the resources in time and/or frequency domains. 
This document presents a short summary of the main results in [1] that are relevant to the requirements identified in Clause 9.1 of TR 38.913 [2] for Multimedia Broadcast/Multicast Service for next generation access technologies. Specifically, of the ten requirements defined therein, the following two are noted to be of particular relevance:

Req. 4
The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain; and
Req. 9
The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
2
Two-Layer BMUST for maximum sum-rate system capacity
As introduced in the previous section, LTE Rel-14 specifications only support orthogonal multiplexing of broadcast/multicast and unicast signals in time and frequency domains. In particular, MBSFN and SC-PTM support multiplexing of broadcast/multicast and unicast signals in time and both time and frequency domains, respectively. However, as presented in [1], orthogonal multiplexing is a suboptimal transmission approach that cannot achieve the maximum system sum-rate capacity point when the common message needs to be decoded by all the UEs in the cell. 
Observation 1: The current techniques specified in LTE Rel-14 that orthogonally multiplex broadcast/multicast and unicast signals are suboptimal in terms of the maximum sum-rate supported by the system.

On the other hand, a fully layered non-orthogonal multiplexing of one broadcast/multicast signal (i.e. common message) and K unicast signals (K independent messages), i.e. K+1 superimposed layers, followed by multiuser decoding at each receiver achieves the channel capacity [3]. However, a fully layered K+1 superposition has an increasing receiver complexity with the number of UEs in the cell, it requires the UEs to decode all (or a subset) of other UEs’ messages that are unneeded by a give UE, and error propagation due to imperfect interference cancellation can increase with the number of UEs.
However, in [1] we prove that only two-layers in each parallel channel [one layer containing (part of) the common message and one layer containing the unicast message] are necessary to achieve the maximum sum-rate when the common message has higher priority than the individual K unicast messages. Hence, the two-layer BMUST achieves the same capacity point as the fully layered K+1 superposition but retaining the simplicity of a single stage of interference cancellation at the UEs that only need to decoded information that have requested to the base-station, i.e. the common message and the individual independent message.
Observation 2: A two-layered broadcast/multicast and unicast superposition transmission (BMUST) is optimal in terms of the maximum sum-rate supported by the system. Hence, BMUST can be more spectral efficient than orthogonal multiplexing.
Observation 3: A two-layered BMUST in OFDMA provides the same optimal sum-rate capacity point as the optimal fully layered system, i.e. K+1 superimposed layers for the one common plus the K independent messages. Moreover, the two-layer BMUST retains the decoding simplicity of a single stage of interference cancellation with each receiver decoding only wanted information, i.e. the common message through broadcast/multicast and the independent message through unicast.
In [1] a two-layer BMUST architecture is integrated into the physical layer LTE Rel-14 radio interface where the K unicast signals are allocated orthogonally to the available Resource Blocks (RBs) in the OFDMA waveform at each subframe in one layer with a superimposed broadcast/multicast signal layer using all RBs in the subframe. The performance of this two-layer BMUST LTE approach is compared against the performance provided by orthogonal multiplexing of broadcast MBSFN and unicast in the time domain in independent subframes. It is shown with numerical evaluations that BMUST can provide significant performance improvements against the orthogonal approaches included in the 3GPP specifications.
Observation 4: Link level simulations of a two-layered BMUST scheme using the LTE Rel-14 physical layer show that significant performance improvements can be achieved compared to orthogonal multiplexing of broadcast/multicast and unicast signals included in the 3GPP technical specifications.
Despite the initial practical performance improvements of BMUST with LTE Rel-14 against orthogonal multiplexing shown in [1], these link level simulations assumed ideal channel estimation at the receivers. Hence, additional evaluations with more realistic receiver implementations are needed. Furthermore, the analysis in [1] does not include system level simulations with relevant channel models defined in 3GPP nor different radio resource scheduling algorithms such as proportional fair scheduling. A further important aspect to be considered is OFDMA numerology design to accommodate different deployment scenarios.
Observation 5: Further studies are required to better understand the implications on the BMUST performance from practical aspects at the receivers (e.g. realistic channel estimation algorithms), waveform design (e.g. numerologies to address different deployment scenarios) and system level simulations with different radio resource scheduling algorithms (e.g. proportional fair scheduling) under relevant channel models defined in 3GPP technical specifications.  
In the email discussion [94b-LTE-03] and summarised in [4] it is FFS whether Req. 4 is relevant for dedicated broadcast networks or not. However, regardless of whether it is relevant for the present Study Item on LTE-based 5G Terrestrial Broadcast [5], the requirement is relevant for the 5G physical layer radio interfaces (i.e. LTE/NR) and it should be fulfilled by the technical specifications.

Recommendation 1: Req. 4, although it may not be relevant for the Study Item on LTE-based 5G Terrestrial broadcast, Req.4 is relevant for the 5G physical layer radio interfaces (i.e. LTE and/or NR) and it should be fully met by the technical specifications.

Given the observations above, we recommend that Req.4 in TR 36.776 is marked only “partially met by current specs” due to non-orthogonal approaches such as two-layer BMUST can be more spectral efficient than the orthogonal approaches included in LTE Rel-14. Due to the scope and time constrains of the current Study Item in [5] (focusing on dedicated broadcast networks) we also recommend that any further study on BMUST may be better done in a different study item.
Recommendation 2: Include in TR 36.776 the conclusion that Req.4 of is only partially met by current LTE specs due to non-orthogonal approaches such as two-layer BMUST can be more spectral efficient than the orthogonal approaches included in LTE Rel-14.
Recommendation 3: Any further detailed work on the practical considerations on the applicability of BMUST in the 5G physical layer radio interfaces would be better done in a separate study due to the time constrains and specific scope for the present Study Item on LTE-based 5G Terrestrial Broadcast.
3
Reuse of RAN equipment in 3GPP technical specifications by Two-Layer BMUST
LTE Rel-14 already includes Multiuser Superposition Transmission (MUST) [6] to non-orthogonally multiplex a far UE (i.e. a user at the edge of the cell) and a near UE (i.e. a user close to the base-station or with good reception conditions) to increase the spectral efficiency of the system; this technique requires interference cancellation techniques at the receivers. As shown in [1], where the two-layer BMUST is integrated into LTE Rel-14 physical layer, the MUST interference cancellation architecture available at the receivers can be reused by the two-layer BMUST to provide a higher spectral efficiency than that available with the orthogonal multiplexing approaches currently included in the 3GPP technical specifications.

Observation 6: LTE Rel-14 MUST requires interference cancellation techniques at the receivers to increase the spectral efficiency of the system and this receiver architecture that can be reused by the two-layer BMUST to provide higher spectral efficiency than with orthogonal multiplexing approaches included in the 3GPP specifications.
4.
Summary

The observations done in this document from the work conducted in [1] are listed here:
Observation 1: The current techniques specified in LTE Rel-14 that orthogonally multiplex broadcast/multicast and unicast signals are suboptimal in terms of the maximum sum-rate supported by the system.

Observation 2: A two-layered broadcast/multicast and unicast superposition transmission (BMUST) is optimal in terms of the maximum sum-rate supported by the system. Hence, BMUST can be more spectral efficient than orthogonal multiplexing.

Observation 3: A two-layered BMUST in OFDMA provides the same optimal sum-rate capacity point as the optimal fully layered system, i.e. K+1 superimposed layers for the one common plus the K independent messages. Moreover, the two-layer BMUST retains the decoding simplicity of a single stage of interference cancellation with each receiver decoding only wanted information, i.e. the common message through broadcast/multicast and the independent message through unicast.
Observation 4: Link level simulations of a two-layered BMUST scheme using the LTE Rel-14 physical layer show that significant performance improvements can be achieved compared to orthogonal multiplexing of broadcast/multicast and unicast signals included in the 3GPP technical specifications.
Observation 5: Further studies are required to better understand the implications on the BMUST performance from practical aspects at the receivers (e.g. realistic channel estimation algorithms), waveform design (e.g. numerologies to address different deployment scenarios) and system level simulations with different radio resource scheduling algorithms (e.g. proportional fair scheduling) under relevant channel models defined in 3GPP technical specifications.  

Observation 6: LTE Rel-14 MUST requires interference cancellation techniques at the receivers to increase the spectral efficiency of the system and this receiver architecture that can be reused by the two-layer BMUST to provide higher spectral efficiency than with orthogonal multiplexing approaches included in the 3GPP specifications.

From the above observations, we propose the following recommendations:
Recommendation 1: Req. 4, although it may not be relevant for the Study Item on LTE-based 5G Terrestrial broadcast, Req.4 is relevant for the 5G physical layer radio interfaces (i.e. LTE and/or NR) and it should be fully met by the technical specifications.
Recommendation 2: Include in TR 36.776 the conclusion that Req.4 of is only partially met by current LTE specs due to non-orthogonal approaches such as two-layer BMUST can be more spectral efficient than the orthogonal approaches included in LTE Rel-14.

Recommendation 3: Any further detailed work on the practical considerations on the applicability of BMUST in the 5G physical layer radio interfaces would be better done in a separate study due to the time constrains and specific scope for the present Study Item on LTE-based 5G Terrestrial Broadcast.
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