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1 Background
Since the initial standardization of LTE-based 5G Broadcast in Rel-16 [1] and subsequent enhancements to adapt to the broadcast UHF band [2,3], there has been significant ecosystem building and interest from broadcast network operators in this technology across the world.
In China, NRTA approved the 5G broadcast pilot project in Chengdu on July 2023 and the project will be led by ABS and Sichuan Radio and Television Bureau jointly. With approved spectrum and transmission sites, the project will verify the TV and public emergency services. More recently, the GATIS’ Global 5G Broadcast Summit brought together key players from the broadcast ecosystem in China and abroad.
In Europe, several demos and trials have been conducted in the last couple of years, including during the 2022 Eurovision Song contest, the MotoGP Austrian GP, Roland Garros, etc. More importantly, a memorandum of understanding has been signed by broadcasters in France, Italy, Germany, Netherlands, Ireland and Austria with the purpose of collaborating in the deployment of 5G Broadcast. Some European broadcasters have started sharing concrete deployment plans for 5G Broadcast with the public (see e.g. TDF’s presentation in GATIS summit).
In India, several demos had been conducted in events such as the IMC22 and BES Expo ‘23. There are plans to do a large city trial in 2024. Apart from these, there is an ongoing cross ministerial initiative on “Direct to Mobile”, where stakeholders from Ministry of Information and Broadcasting (MIB), Department of Telecom (DoT) and the Telecom Regulatory Authority of India (TRAI) are participating.
In North America, an experimental FCC license was granted in July 2023, and the first trial in band 108 is ongoing in Boston, with plans to expand to other parts of the US.
During the activities described above, the need for two enhancements to the current standard have been identified:
· Support of time-frequency interleaving (improved performance in time/frequency selective channels)
· Support of coexistence with other broadcast technology in the same radio channel by TDM (for “soft refarming” and meeting regulatory requirements).
2 Time-frequency interleaving
Time-frequency interleavers are a basic building block of most modern broadcast standards, and its inclusion in a system drastically improves performance in time and/or frequency selective channels. The need for time-frequency interleavers in 5G Broadcast was initially brought up by a group of broadcasters in Rel-16 [3], and it was discussed during the whole release. 
Although a large number of companies supported the standardization of time-frequency interleaving schemes for 5G Broadcast, this feature was not standardized due to lack of consensus in RAN1 (mainly due to the fact that this feature was not explicitly in scope of the work item). The following was captured in [4]:
R1-1913439	On time and frequency interleaving for terrestrial broadcast	EBU, BBC, IRT, NHK, ABS, DISH, Eutelsat, Shanghai Jiao Tong University, Fraunhofer HHI, Fraunhofer IIS, Enensys, Qualcomm, Rohde&Schwarz, Nokia, Nokia Shanghai Bell, ATEME, Nomor Research, Sony
Time and frequency interleaving for terrestrial broadcast was discussed even though it was not explicitly in the scope of the WID. However, consensus was not reached. It can be considered for a later release.

The interleavers described in [5] above have been designed with the objective of keeping maximum commonality with respect to current 3GPP specifications (e.g. by leveraging the HARQ operation to build a time interleaver) in order to ease implementation. 
The performance gains of these techniques have been widely documented both in 3GPP (see [5] and references therein) and in peer-reviewed papers published in broadcasting conferences (see [7], [8]). More notably, the 5G Media Action Group (5G-MAG) has recently produced a comprehensive report [9] capturing the performance gains of interleaving in different scenarios and highlighting the need of this feature for drastically increasing the performance of the 5G Broadcast system.
The sourcing companies of this contribution propose to standardize in Rel-19 time-frequency interleavers for 5G Broadcast. Given the previous discussions and extensive evaluations, and in order to minimize the time units required for this work, we propose to take the design in [5] as a baseline for the work in RAN1.

3 Coexistence with other technologies by TDM
Most modern broadcast standards support features that allow the possibility of “blanking” part of the transmission for the introduction of future enhancements to the standard (or a new standard) without disrupting the operation of legacy receivers. For instance, ATSC 3.0 introduces the concept of a “bootstrap signal” (as defined in [10]) that allows to introduce “gaps” in the transmission to be used by future extensions of the standard. DVB-T2 introduces the concept of future extension frames (FEF) with a similar purpose [11]. It is also expected that 3GPP may introduce future enhancements to the currently defined broadcast systems and, therefore, the possibility of performing a “soft migration” would clearly be beneficial. The similar aspect of “forward compatibility” was widely discussed in the early days of NR standardization. 
Regarding the immediate need of these techniques, in the US the FCC regulation states that an ATSC 3.0 signal must be transmitted free-to-air to the general public. Therefore, for the success of 5G Broadcast in the US it is needed to standardize a technique that allows sharing a broadcast channel between ATSC 3.0 (targeting fixed reception / TVs) and 5G Broadcast. A technical analysis of coexistence between LTE-based 5G Broadcast and ATSC 3.0 has been documented in [12, Sec 5.2] by the ATSC standard organization, and communicated to 3GPP TSG RAN via LS in [13].
Furthermore, in DVB-T2 markets, e.g in Europe, the possibility to share a channel between 5G Broadcast and DVB-T2 could facilitate deployment of 5G Broadcast transmissions as well. In particular, in those markets where it is not possible at the moment to free up UHF channels from DVB-T2 for the introduction of 5G Broadcast it is still likely that some capacity on a given carrier may be made available, for example by reduction of data rates of TV programmes or even dropping some of them completely from T2-Multiplexes. This would allow for low-threshold introduction of 5G Broadcast service alongside existing DVB-T2 services. 
In line with the technical analysis in [12], we propose to standardize the possibility of interrupting the DL transmission for periods longer than 39 ms (currently allowed by the standards) by muting the CAS transmissions.
4 Proposed objectives
For MBMS-dedicated cells:
· Specify time-frequency interleavers, taking as baseline the design in R1-1913439 [RAN1]
· Specify signaling to indicate to the UE that some subframes containing the CAS (PSS/SSS/PBCH/SIBs) are dropped according to an indicated pattern [RAN1]
Impact to other working groups:
· RAN2 and RAN3: RRC (36.331), MSI (36.321) and corresponding M2AP signaling (36.443)
· RAN4: Performance requirements for time-frequency interleavers (36.101)

5 Proposed time allocation
Given the limited impact of the two objectives above, we suggest the following TU allocation:
· RAN1: From RAN1#116 (Q1’24) to RAN1#121 (Q2’25): 0.5TUs per meeting, 9 meetings
· This could probably be reduced to a smaller number of meetings, e.g. 7 instead of 9.
· RAN2: From RAN2#130 (2nd meeting in Q2’25) to RAN2#131 (Q3’25): 0.25TUs per meeting, 2 meetings.
· RAN3: RAN3#129 (Q3’25): 0.25TUs, 1 meeting.
· RAN4 (perf only): From RAN4#116 (Q3’25) to RAN4#117 (Q4’25): 0.5TUs, 3 meetings.

Proposal: RAN#102 to approve a work item on “LTE-based 5G Broadcast Phase 2” with the following objectives:
For MBMS-dedicated cells:
· Specify time-frequency interleavers, taking as baseline the design in R1-1913439
· Specify signaling to indicate to the UE that some subframes containing the CAS (PSS/SSS/PBCH/SIBs) are dropped according to an indicated pattern
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