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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]3GPP has developed LTE broadcast/multicast from Rel-9, originally for video broadcasting. Later on, the standards to support other services such as Public Safety, IoT and V2X have been specified, taking into account broadcast/multicast requirements, therefore triggering the evolution for broadcast/multicast systems in the following LTE releases. The first evolution of broadcast in the 5G era is based on LTE, with the Rel-16 work item on EN-TV [1].
The first release (Rel-15) of 5G NR system has been completed and NR Rel-16 is targeted to complete in March 2020. Even though requirements for broadcast and multicast on the Uu link have been identified in relation to Rel-16 features (e.g. NR V2X), no broadcast/multicast feature as such is specified in the first two NR releases. 
[bookmark: OLE_LINK3]3GPP RAN has defined 5G requirements for Multimedia Broadcast/Multicast Service [see 2, section 9.1] for use cases from both Mobile Network Operators (MNO) and Broadcast Network Operators (BNO). NR Rel-17 will be the first NR release to specify the broadcast/multicast feature in 5G-CN and NG-RAN. Note that RAN Rel-17 will not target study/work for broadcast with MPMT (Medium Power Medium Tower) and HPHT (High Power High Tower) based on the endorsed way forward in RAN#83 [3]. 
2 Discussion on NR broadcast/multicast
LTE broadcast/multicast in 4G
In 3GPP, in Rel-9 for LTE the first LTE broadcast feature called eMBMS (enhanced Multimedia Broadcast Multicast Services) was specified, including the network architecture and the RAN transmission schemes. Then, in Rel-10 to Rel-12 3GPP continued to further enhance the eMBMS systems, including counting function, service continuity and MooD (MBMS Operation On-Demand). SC-PTM (Single Cell – Point To Multipoint) was introduced in Rel-13 mainly for the purposes of Public Safety, and also adopted for IoT and V2X in Rel-14. In Rel-14, eMBMS was further enhanced (called FeMBMS or EN-TV), by introducing MBMS dedicated carrier, new frame structure and receive only mode.
In LTE broadcast systems, the network architecture includes several broadcast dedicated elements, such as BMSC, MBMS-GW and MCE, and the BMSC is a sort of all-in-one design for the full broadcast service mode, e.g. TV services, which may not be efficient for the transport only service mode, e.g., support of vertical use cases such as Public Safety, IoT and V2X. The LTE MBSFN area is static and pre-configured by network planning, and cannot be adjusted based on UE location and service requirements. This would have very low efficiency from the effective spectrum efficiency, defined as Seff = SM,R * G/(M+R), wherein G is number of cells with UEs, M is total number of cells participating in MBSFN transmission, R is number of reserved cells, and SM,R is MBSFN spectral efficiency assuming UEs located in every cell [4]. MooD introduced in Rel-12 for MBMS aimed to activate/deactivate the MBMS service, or to switch among MBMS and unicast services. However, it still operates the MBMS service activation/deactivation at the MBSFN area basis but cannot adjust the broadcast region at a per cell basis.  
Broadcast/multicast in 5G
A discussion on 5G Broadcast evolution in RAN took place between RAN #78 and RAN #80, leading to a report from the moderator [5] summarizing the technical attributes of “terrestrial broadcast” and “mixed mode multicast”, and leading to a recommendation to proceed with a study on “terrestrial broadcast” in Rel-16. The LTE Rel-16 SI on enhanced EN-TV provided conclusions based on evaluations and gap analysis on whether 5G broadcast requirements for “terrestrial broadcast” can be met by enhancements of LTE. The related LTE Rel-16 WI on enhanced EN-TV was approved in RAN #83, targeting the introduction of new frame structures with new CPs and the related designs [1]. The main attributes of “terrestrial broadcast” are broadcast only, DL-only, large and static transmission areas typically achieved with High-Power High-Tower deployments. 
However, no broadcast feature is specified in the first two NR releases. Considering 5G has further requirements and use cases for broadcast such as V2X, IoT, PMSE, AR/VR [6]-[9], and the endorsed way forward during RAN #83 [3], NR Rel-17 shall be the first NR release to specify the broadcast/multicast feature in 5G-CN and NG-RAN targeting to the “mixed mode multicast”. In addition, SA has approved a Rel-17 SI for broadcast architecture study [10]. There should be impact to the RAN, including the discussion on the functional split among SA and RAN. 
Work scope for NG-RAN broadcast/multicast in NR Rel-17
The “mixed mode multicasting” attributes as summarized in [5] could be the feature components of Rel-17 NR broadcast/multicast including smooth switching between broadcast and unicast, mixed DL&UL, moderate and dynamically configured transmission areas (few cells to one cell), high commonality with unicast (in particular backward-compatible with Rel-15 NR), common (but flexible) physical layer design, also addressing vertical use cases such as IoT and V2X. Commonalities of broadcast/multicast and unicast in both RAN architecture and physical layer channels should be a key target for NG-RAN broadcast, in order to simplify deployments and chipset developments.
For study and work on mixed mode multicasting in Rel-17, the broadcast area should be flexibly adjusted based on UE location (e.g., cell identity or geographical area) and service requirements for 5G NR broadcast. Single-cell multicast can be the baseline scheme where the broadcast area can be adjusted per cell level. Furthermore, it can be considered a regional broadcast area formed by several cells with SFN transmission to increase the spectrum efficiency and reliability, especially in case of interference limited scenarios, e.g., urban deployments. It is very beneficial that common PHY design (e.g., PDCCH and PDSCH) and framework are adopted for broadcast from single and multiple cells. In addition, besides cell-level dynamic broadcast area adjustment, even beam based broadcast region based on UE location and service requirements should also be considered, especially considering NR mixed mode multicasting deployed on C-band. 
To meet different service requirements and reduce deployment complexity, the 5G broadcast and multicast architecture should be flexible enough to at least support SC-PTM and intra-gNB SFN deployment without synchronization and coordination among gNBs. It should also need to study whether to support inter-gNB SFN regions, which require synchronization and coordination among gNBs. Furthermore, we need to consider both CU-DU and distributed gNB deployments, and also whether to introduce the Multicast Coordination Function (MCF) and SYNC protocol to coordinate among different cells with SFN transmission. 
Service continuity in eMBMS is guaranteed in a best effort mode, and mostly relies on the application layer to improve user experiences when the UE moves between different broadcast regions or moves out of the broadcast region, for example by switching between unicast and multicast controlled by application layer. However, due to lack of information about radio channel condition and UE mobility in application layer, this kind of switch is not efficient. In 5G broadcast, service continuity needs to be guaranteed especially for use cases requiring tight latency and high reliability such as V2X, PMSE, AR medical, etc.
The spectral efficiency in RAN is another key point to consider for NR-based broadcast systems. First, the current broadcast/multicast network needs to set a robust MCS to achieve the worst coverage situation, and the network can only provide a best effort transmission, and does not know whether the transmission is successfully received. Second, there are use cases (such as V2X, PMSE and critical medical cases) requiring broadcast systems with low latency and high reliability. Therefore, we need to study mechanisms to increase the spectrum efficiency and guarantee the requirements of latency and reliability for some broadcast/multicast services. 
In addition, there are other important design principles to be considered:
· It is beneficial to keep the system design (including architecture/procedure/channel, etc.) scalable enough to meet different groups of multicast and broadcast services, considering that various kinds of services require multicast and broadcast related features, such as service without tight latency and reliability like video distribution, service with tight latency and reliability like V2X, PMSE and AR medical cases. 
· The system architecture and configuration procedure should be unified for RRC _CONNECTED, RRC_INACTIVE and RRC_IDLE. Furthermore, additional enhancement can be studied if all the involved UEs for a broadcast service are in RRC_CONNECTED mode, for example, simplify the procedure for RRC_CONNECTED mode UE.
· It can be considered local breakout for local broadcast/multicast, to achieve efficient resource usage and low latency requirement, e.g. for V2X platooning case.
3 Conclusions
In this contribution, motivations and possible scope for NR broadcast/multicast in Rel-17 is discussed based on the LTE Rel-16 EN-TV WI and use cases for mixed mode multicast. In summary, support for NR-based broadcast and multicast should be specified in Rel-17. The use case to be specified for NR in Rel-17 is “mixed mode multicasting”, which should also be consistent with the studies already started in SA [10]. 
The Rel-17 work should target the following objectives:
· High commonality with unicast, common but flexible physical layer design, e.g., by using PDCCH and PDSCH
· Moderate and flexibly controlled transmission areas (from a few cells to one cell, or even beam level granularity)
· Study the necessary solutions to support service continuity, especially for use cases requiring tight latency and high reliability such as V2X, PMSE, AR medical. 
· Unified configuration procedure and broadcast channel designs for RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE, and additional enhancement can be studied if all the involved UEs for a broadcast service are in RRC_CONNECTED mode. . 
· Local breakout for local broadcast/multicast transmission e.g. for platooning etc.
· Required RAN Architecture for the functions above.
In addition, the following principles shall be considered for the study:
· Keep the system design (including architecture/procedure/channel, etc.) flexible enough to meet different QoS requirements for variety of broadcast services, e.g. ad-hoc multicast/broadcast streams, software delivery over wireless, group communications and broadcast/multicast IoT applications, V2X applications, public safety
· Keep the architecture scalable enough to minimize the deployment complexity based on operator policy and the requirements of the deployed services
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