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1.
Introduction and background
In order to provide a gap analysis comparing the current LTE broadcasting capabilities with the requirements for 5G broadcast networks in TR 38.913 and to identify potential solutions to meet those requirements, a study item “Study on LTE-based 5G Terrestrial Broadcast” [1] was conducted and concluded in RAN1. The conclusions from the study are summarised in TR 36.776 [2]. 
There are 10 requirements in TR 38.913 for broadcast/multicast service. The study concluded among those requirements, two requirements below cannot be met with Rel-14 LTE broadcast:

· Req.7: Support for service over large geographic area

· Req.8: Support for different mobility scenarios
Identified beneficial enhancements for Requirement 7 include: new numerologies, multiuser superposition transmission (MUST), and non-uniform constellation. Whether improvements in cell acquisition subframe (CAS) were needed depended on the baseline used in the evaluations. Identified enhancements for meeting Requirement 8 are MUST and new numerologies.
Apart from the work in 3GPP, there are broadcast standards developed outside of 3GPP. One example is the third generation terrestrial digital broadcast standard ATSC 3.0 in the USA, introducing many advanced techniques including layered division modulation (LDM) [3].
2.
Discussion on the WI scope

The approval of a work item for LTE-based 5G terrestrial broadcast will be discussed in RAN#83. This contribution presents our view on the scope of the potential work item.
According to [2], MUST increases system spectral efficiency for both Requirement 7 (large geographic area) and Requirement 8 (mobility scenarios). To be specific, 

- For large geographic area, MUST can increase system spectral efficiency for both SC-PTM and MBSFN in the range between 10-37% depending on factors such as target coverage for the enhanced layer.
- For mobility scenarios, MUST can increase system spectral efficiency for both SC-PTM and MBSFN in the range between 25-79% depending on factors such as target coverage for the enhanced layer.
It should be noted that for the mobility scenario, new numerologies could not provide as large gains as MUST.
Considering the considerable gain provided by MUST and the availability of similar scheme in other broadcasting standards, we propose: 
Proposal 1: introduce MUST support for SC-PTM and MBSFN, with Rel-14 MUST as a baseline.
For large geographic area scenario, the study also concludes that new numerologies with Tcp and Tu longer than the Rel-14 1.25 kHz numerology are beneficial. For MPMT scenario, about 100% improvement in spectral efficiency and SNR improvement in the range of 5-10 dB were observed. For HPHT scenario, up to about 500% improvement in spectral efficiency and SNR improvement in the range of 8-15 dB were observed. So we propose:
Proposal 2: introduce new numerology with Tcp at least 300 µs (ideally in the order of 400µs) and Tu at least 2.6ms for MBSFN. 
The study found that other enhancements such as new numerology with 100µs Tcp and 400 µs Tu, improvements in CAS and non-uniform constellation may be beneficial in some scenarios or provide some gain (0.1-0.5 dB gain with non-uniform constellation). So we propose:
Proposal 3: Other enhancements (new numerology with 100µs Tcp and 400 µs Tu, improvements in CAS, and non-uniform constellation) can be considered or further studied if TU allows.

The concluded Rel-16 broadcasting study item was approved based on an email discussion (between RAN#78 and RAN#80) on 5G Broadcast evolution [4]. The email discussion classified broadcasting techniques into two categories: “terrestrial broadcast” and “mixed mode broadcast”, and the moderator recommended to enhance the terrestrial broadcast based on LTE track and to support mixed mode broadcast based on NR track. RAN agreed in RAN#80 to proceed with a study on “terrestrial broadcast” in Rel-16 based on LTE. 
If RAN#83 approves the terrestrial broadcast work item, the work should be conducted with 5G system as a whole in mind and so we propose:
Proposal 4: if RAN approves a Rel-16 LTE EN-TV WI targeting DL-only broadcast and HPHT, then potential study/work on 5G broadcast/multicast for NG-RAN in Rel-17 should not target DL-only broadcast and HPHT.
3.
Conclusions
We have the following proposals for LTE-based 5G terrestrial broadcast work item:
Proposal 1: to introduce MUST support for SC-PTM and MBSFN, with Rel-14 MUST as a baseline.
Proposal 2: to introduce new numerology with Tcp at least 300 µs (ideally in the order of 400µs) and Tu at least 2.6ms for MBSFN.  
Proposal 3: Other enhancements (new numerology with 100µs Tcp and 400 µs Tu, improvements in CAS, and non-uniform constellation) can be considered or further studied if TU allows. 

Proposal 4: if RAN approves a Rel-16 LTE EN-TV WI targeting DL-only broadcast and HPHT, then potential study/work on 5G broadcast/multicast for NG-RAN in Rel-17 should not target DL-only broadcast and HPHT.
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