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[bookmark: _Toc418757523][bookmark: _Toc486258493][bookmark: _Toc486258531][bookmark: _Toc486323644][bookmark: _Toc487532215][bookmark: _Toc526860800][bookmark: _Toc526860973][bookmark: _Toc526861073][bookmark: _Toc526863345][bookmark: _Toc526863457][bookmark: _Toc526864376][bookmark: _Toc527031297][bookmark: _Toc527119282][bookmark: _Toc527119331][bookmark: _Toc527119412][bookmark: _Toc527123105][bookmark: _Toc527123165][bookmark: _Toc527123209][bookmark: _Toc527123267][bookmark: _Toc527369738][bookmark: _Toc527447031][bookmark: _Toc173706][bookmark: _Toc51194636][bookmark: _Toc54885827][bookmark: _Toc55222929]3.1	Terms
[bookmark: _Hlk527033604]5G Broadcast Service: A 3GPP-based broadcast service offered according to the constraints and requirements in this specification in order to deploy linear television and radio broadcast services.
5G Broadcast SA Service: A 5G Broadcast Service for Service Announcement.
5G Broadcast User Service: A 5G Broadcast Service that provides User Data, for example a television or radio service.
5G Broadcast System: A system dedicated to the deployment of linear television and radio broadcast services using 3GPP Specifications and addressing 5G requirements for dedicated broadcast.
5G Broadcast Receiver: An entity implementing the receiver requirements of a 5G Broadcast System.
5G Broadcast Transmitter: An entity implementing the transmitter requirements of a 5G Broadcast System.
5G Broadcast TV/Radio Content Service Provider: A provider of linear television and/or radio content services using a 5G Broadcast System for distribution of the services.
5G Broadcast TV/Radio Service Application: An application in the end device that consumes one or more 5G Broadcast User Services by communicating with the 5G Broadcast Receiver through a dedicated set of 5G Broadcast Client APIs.
[bookmark: _Toc418757525][bookmark: _Toc486258495][bookmark: _Toc486258533][bookmark: _Toc486323646][bookmark: _Toc487532217][bookmark: _Toc526860802][bookmark: _Toc526860975][bookmark: _Toc526861075][bookmark: _Toc526863347][bookmark: _Toc526863459][bookmark: _Toc526864378][bookmark: _Toc527031299][bookmark: _Toc527119284][bookmark: _Toc527119333][bookmark: _Toc527119414][bookmark: _Toc527123107][bookmark: _Toc527123167][bookmark: _Toc527123211][bookmark: _Toc527123269][bookmark: _Toc527369740][bookmark: _Toc527447033][bookmark: _Toc173708][bookmark: _Toc51194637][bookmark: _Toc54885828][bookmark: _Toc55222930]3.2	Abbreviations
For the purposes of the present document, the following abbreviations apply:
[bookmark: _Hlk527449069]ABR	Adaptive Bit Rate
ADPD	Associated Delivery Procedure Document
API	Application Programming Interface
APN	Access Point Name
ARP	Allocation and Retention Priority
BCCH	Broadcast Control CHannel
BCH	Broadcast CHannel
BM-SC	Broadcast/Multicast Service Centre
CAS	Cell Acquisition Subframe
CFI	Control Format Indicator
CMAF	Common Media Application Format
CRC	Cyclic Redundancy Check
CRS	Cell-specific Reference Signal
CSG	Closed Subscriber Group
DASH	Dynamic Adaptive Streaming over HTTP
DCI	Downlink Control Information
DL-SCH	DownLink Shared CHannel
DRX	Discontinuous Reception
DVB	Digital Video Broadcasting
EARFCN 	E-UTRA Absolute Radio Frequency Channel Number
EBU	European Broadcasting Union
EI	Equalisation Interval
eMBMS	Evolved MBMS
EPG	Electronic Programming Guide
EPS	Evolved Packet System
ESG	Electronic Service Guide
E-UTRAN	Evolved UTRAN
FEC	Forward Error Correction
FeMBMS	Further Evolved MBMS
FLUTE	FiLe delivery over Unidirectional Transport
FTA	Free-To-Air
GPRS	General Packet Radio Service
GSM	Global System for Mobile Communications
HARQ	Hybrid Automatic Repeat reQuest
HLS	HTTP Live Streaming
HPHT	High Power High Tower
HTTP 	Hyper Text Transfer Protocol
IPTV	Internet Protocol TeleVision
IRAT	Inter Radio Access Technology
ISD	Inter-Site Distance
LPLT	Low Power Low Tower
LTE	Long Term Evolution
MAC	Media Access Control
MBMS	Multimedia Broadcast Multicast Service
MBSFN	Multicast-broadcast single-frequency network
MCCH	MBMS point-to-multipoint Control Channel
MCH	Multicast CHannel
MCS	Modulation and Coding Scheme
MIB	Master Information Block
MIME	Multipurpose Internet Mail Extensions
MME	Mobility Management Entity
MNC	Mobile Network Controller
MNO	Mobile Network Operator
MPD	Media Presentation Description
MPMT	Medium Power Medium Tower
MBMS	Multimedia Broadcast/Multicast System
MBSFN	Multicast/Broadcast Single Frequency Network
MBSFN-RS	Multicast-Broadcast Single Frequency Network Reference Signal
MME	Mobility Management Entity
mMTC	massive Machine Type Communications
MNO	Mobile Network Operator
MO	Management Object
MTCH	MBMS point-to-multipoint Traffic Channel
NAF	Network Application Function
NAS	Non-Access Stratum
NR	New Radio
NUC	Non-Uniform Constellation
OFDM	Orthogonal Frequency-Division Multiplexing
PBCH	Physical Broadcasting Channel
PCFICH	Physical Control Format Indicator Channel
PDCCH	Physical Downlink Control channel
PDSCH	Physical Downlink Shared Channel
PDU	Protocol Data Unit
PLMN	Public Land Mobile Network
PMCH	Physical Multicast Channel
PSS	Primary Synchronization Signal
RAN	Radio Access Network
RAT	Radio Access Technology
RLC	Radio Link Control
RoHC	Robust Header Compression
ROM	Receive-Only Mode
RRC	Radio Resource Control
RRM	Radio Resource Management
SA	Service Announcement
SAI	Service Area Identifier
SCH	Shared CHannel
SC-PTM	Single Cell Point To Multipoint
SDP	Session Description Protocol
SFN	Single Frequency Network
SI	System Information
SIM 	Subscriber Identity Module
SIB	System Information Block
SSS	Secondary Synchronization Signal
TA	Tracking Area
TMGI	Temporary Mobile Group Identifier
TTI	Transmission Time Interval
TV	Television
UDP	User Datagram Protocol
UE	User Equipment
UMTS	Universal Mobile Telecommunications System
USBD	User Service Bundle Description
USD	User Service Description
UTRAN	UMTS Terrestrial Radio Access Network
V2X	Vehicle to Everything
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[bookmark: _Toc54885830][bookmark: _Toc55222932]4.1	Background and History (informative)
While Multimedia Broadcast Multicast Services (MBMS) had been part of 3GPP specification since Release 6 in 2005 based on UTRAN, and since Release 9 based on LTE (the evolution to LTE is also referred to as "eMBMS"), the dedicated requirements of broadcast service providers were only taken into account in Release 14 some ten years later. Requirements for 3GPP enhancements for TV service support were developed in Release 14 and are documented in ETSI TS 122 101 [1], clause 32.
Based on these requirements, 3GPP specifications have gradually evolved to meet the use cases and requirements in order to support broadcasting of linear television and radio services. In TR 23 746 [i1], a significant set of key issues relevant for the usage of MBMS for broadcast services is identified and these issues are subsequently addressed in 3GPP Release 14 specifications:
Support of Free-to-Air (FTA) service over 3GPP.
Broadcast Only service for UEs with no MNO broadcast subscription.
Support of shared eMBMS functions.
Decoupling of content, MBMS service and MBMS transport functions.
Exposure of eMBMS service and transport capabilities to 3rd party.
Beyond the service layer enhancements, also in 3GPP Release14 the use cases and scenarios for eMBMS services based on LTE had been expanded to include terrestrial broadcasting (the feature also referred to as "EnTV"). This included new requirements:
Network dedicated to TV broadcast via eMBMS.
Single Frequency Network (SFN) deployments with Inter Site Distance (ISD) significantly larger than a typical ISD associated with typical cellular deployments.
Support for Receive-Only Mode (ROM) services and devices.
With the development of 5G from Release 15 onwards, 3GPP formulated requirements for the system and radio access technology (RAT) in ETSI TS 122 261 [2] as part of the initial release for 5G, namely Release 15. In particular, broadcast is addressed in clause 6.13 of ETSI TS 122 261 [2]. Whereas the requirements are generic for a flexible broadcast/multicast system, only a subset of the requirements apply to broadcasting linear television and radio services, in particular those for 5G dedicated broadcast networks.
Several 3GPP specifications have been extended or newly developed over several releases to address the use cases and requirements for 5G dedicated broadcast networks. While it is expected that 3GPP will continue to address all the requirements for a flexible broadcast/multicast system in clause 6.13 of ETSI TS 122 261 [2] in future releases, with the completion of the Release 16, a comprehensive set of 3GPP specifications is available that fulfils the use cases and requirements for a 5G Broadcast System.
This specification summarizes the basic features of a 5G Broadcast System for the carriage of linear television and radio services, and documents these as an implementation profile of a subset of 3GPP specifications in order to address these features.
[bookmark: _Toc54885831][bookmark: _Toc55222933]4.2	Basic features of a 5G Broadcast System
[bookmark: _Toc54885832][bookmark: _Toc55222934]4.2.1	Introduction
Based on the collected use cases and requirements in clause 4.1, a 5G Broadcast System for linear television and radio services as defined in the present document addresses the following features and functionalities:
· Support of Free-to-Air (FTA) service.
· Broadcast-only service for UEs without an MNO broadcast subscription.
· Support of shared network functions across multiple 5G network operators.
· Decoupling of content, user service and transport functions.
· Exposure of broadcast service and transport capabilities to third parties.
· Support for client APIs for simplified access to broadcast services.
· Network dedicated to linear television and radio broadcast, for example transmitted using supplemental downlink channels and spectrum.
· Single Frequency Network (SFN) deployments with Inter-Site Distance (ISD) significantly larger than those associated with typical cellular deployments, with ISD > 100km to support receivers with high-gain rooftop directional antennas, low mobility and a predominantly line-of-sight channel.
· Support for mobility scenarios including speeds of up to 250 km/h to support receivers in moving vehicles, with external omni-directional antennas.
· Support for Receive-Only Mode (ROM) services and devices.
· Support for user service announcement through broadcast.
· Support for common streaming distribution formats such as Dynamic Adaptive Streaming over HTTP (DASH) [24], HTTP Live Streaming (HLS) [26] and Common Media Application Format (CMAF) [25].
· Support for IP-based services such as IPTV or ABR multicast.
· Support for different file delivery services such as scheduled delivery or file carousels.
Note that these features are independent of the access or core network technology.
[bookmark: _Toc54885833][bookmark: _Toc55222935]4.2.2	Reference Architecture
[bookmark: _Hlk54981213]The general architecture for a 5G Broadcast System is provided in Figure 4.2-1. A 5G Broadcast TV/Radio Content Service Provider makes services available using the 5G Broadcast System. A 5G Broadcast TV/Radio Service Application is able to consume the service by communicating with the 5G Broadcast Receiver through a dedicated set of 5G Broadcast Client APIs. The 5G Broadcast Service consists of a Bearer Service and a User Service. The latter provides the announcement of 5G Broadcast User Services and also provides information about how to discover and access them. The former provides the distribution means for 5G Broadcast User Services, including a radio bearer. A RAN interface is defined that supports the features documented in clause 4.2.1 that includes a NodeB in the 5G Broadcast Transmitter and an access stratum modem in the 5G Broadcast Receiver.


Figure 4.2-1: Reference architecture for 5G Broadcast System
[bookmark: _Toc55222936]4.2.3	Services
The 5G Broadcast System is based on a service concept. A 5G Broadcast Service is offered by the 5G Broadcast System and provides a transport-level service, delivered by a broadcast bearer service across a Radio Access Network (RAN). Such 5G Broadcast Services are announced and can be discovered. Different types of services may be offered, namely 5G Broadcast User Services such as streaming or file delivery services in order to deliver user data, as well as 5G Broadcast Service Announcement services in order to announce 5G Broadcast User Services. 5G Broadcast Services are assigned dedicated discoverable bearer resources that allow 5G Broadcast Receivers to discover and access them. Among others, 5G Broadcast Services also have assigned types, delivery methods, schedules and other relevant properties.
[bookmark: _Toc54885834][bookmark: _Toc55222937]4.2.4	TV/Radio Content Provider and Application Requirements
A Content Provider wanting to make use of a 5G Broadcast System needs to provision the 5G Broadcast Services and publish content using the Network API of the 5G Broadcast System.
In addition, a device capable of receiving 5G Broadcast Services needs to integrate a 5G Broadcast TV/Radio Service Application (for example provisioned by the device in hardware, pre-installed software and/or a downloaded application) that makes use of the Client APIs of the 5G Broadcast system.
Service management and mapping between the application space and 5G Broadcast Services is left to the application.
Also, details on the supported content formats such as codecs, resolutions, frame rates, encryption, packaging etc. is left to the application.
[bookmark: _Toc54885835][bookmark: _Toc55222938]4.3	5G Broadcast Systems
[bookmark: _Toc54885836][bookmark: _Toc55222939]4.3.1	Introduction
A 5G Broadcast System for linear television and radio services is expected to address the requirements and use cases in clause 4.1, as well as the feature list summarized in clause 4.2.
[bookmark: _Toc54885837][bookmark: _Toc55222940]4.3.2	LTE-based 5G Broadcast System
The LTE-based 5G Broadcast System is an instantiation of a 5G Broadcast System addressing the basic features documented in clause 4.2 that is based on a profile of 3GPP specifications available in Release 16.
As a background, in order to address the identified key issues and requirements, 3GPP developed service layer specifications documented in ETSI TS 123 246 [5] Annex D and E, ETSI TS 124 116 [7], ETSI TS 124 117 [8], ETSI TS 126 346 [9] and ETSI TS 126 347 [10] during Release 12, Release 13 and Release 14 that addresses the following key issues:
Support of Free-to-Air (FTA) service.
Broadcast-only service for UEs with no MNO broadcast subscription.
Support of shared eMBMS functions.
Decoupling of content, MBMS service and MBMS transport functions.
Exposure of eMBMS service and transport capabilities to third party.
Support for user service announcement through broadcast.
Support for Dynamic Adaptive Streaming over HTTP (DASH) [24].
Support for different file delivery services such as scheduled delivery or file carousels.
Support for client APIs for simplified access to MBMS services.
For RAN, in Release 14, in order to address the features:
Network dedicated to TV broadcast via eMBMS.
Single Frequency Network (SFN) deployments with Inter-Site Distance (ISD) significantly larger than those associated with typical cellular deployments.
support for Receive-Only Mode (ROM) services and devices,
the following key RAN enhancements were made to the specifications to enable LTE terrestrial broadcast:
MBMS-dedicated cell in TS36 300 [19].
MBSFN subframes using f = 1.25 kHz in TS 36 211 [17], with a cyclic prefix duration of 200 µs and a symbol duration of 1 ms.
New information blocks on PBCH and PDSCH of CAS (see TS36 300 [19] and TS36 331 [22]):
-	MIB-MBMS is transmitted with a 40 ms periodicity and updated every 160 ms; and
-	SIB1-MBMS is transmitted with an 80 ms periodicity and updated every 160 ms, containing information relevant for receiving MBMS service and, optionally, the scheduling of other system information blocks.
MBMSInterestIndication RRC signalling procedure.
In Release 16, a gap analysis was carried out and documented in 3GPP TR 36 976 [i2] that compared the Release 14 LTE terrestrial broadcasting capabilities (i.e. what is specified by the "enTV" work item) with the requirements for 5G dedicated broadcast networks in 3GPP TR 38.913 [i3], clause 9.1. As a result of this analysis, the following two requirements were deemed unfulfilled by Release 14 LTE eMBMS:
1.	Support for service over large geographic area, including SFN with ISD > 100 km;
2.	Support for mobility scenarios including speeds of up to 250 km/h.
The first requirement is associated with receivers with high-gain rooftop directional antennas, low mobility and a predominantly line-of-sight channel. The second requirement is associated with receivers in moving vehicles, with external omni-directional antennas.
Based on this, in Release 16 the following RAN enhancements were made to address the use cases described in clause 4.2:
MBSFN subframes using f = 0.37 kHz, with a cyclic prefix duration of 300 µs and a symbol duration of 3ms, for the support of large ISD.
MBSFN subframes using f = 2.5 kHz, with a cyclic prefix duration of 100 µs and a symbol duration of 0.5ms, for the support of high mobility.
The following enhancements on the CAS:
-	PDCCH enhancements:
-	CFI indication in MIB TS36 331 [22] to avoid the need to decode PCFICH; and
-	New aggregation level 16.
Repetition of PBCH to increase its robustness.
These RAN enhancements are complemented by improvements to MBMS User Services documented in ETSI TS 126 346 [9] and ETSI TS 126 347 [10], for example the exposure of MBMS functionalities to third-party application through device APIs and the support of common distribution formats such as Common Media Application Format (CMAF) [25], HTTP Live Streaming (HLS) [26] and hybrid DASH/HLS services. An important aspect in ETSI TS 126 346 [9] is the definition of dedicated profiles for service announcements and file delivery methods including DASH/HLS-based streaming.
The LTE-based 5G Broadcast System instantiation is fully specified in the remaining clauses of the present document. In particular:
· Clause 5 provides a description of the LTE-based 5G Broadcast System architecture and all interfaces and reference points.
· Clause 6 provides the requirements for an LTE-based 5G Broadcast Transmitter.
· Clause 7 provides the requirements for an LTE-based 5G Broadcast Receiver.
· Clause 8 provides spectrum and frequency considerations.
· Clause 9 provides some considerations on hybrid services, in case receivers also include a unicast receiver.
· Clause 10 provides 5G Broadcast receiver categories, in particular it defines the 5G Broadcast LTE-based Main receiver based on the LTE-based 5G Broadcast Receiver.
· Clause 11 and clause 12 are dedicated to implementation guidelines for LTE-based 5G Broadcast transmitters and receivers.
[bookmark: _Toc54885838][bookmark: _Toc55222941]5	LTE-based 5G Broadcast System
[bookmark: _Toc51194639][bookmark: _Toc54885839][bookmark: _Toc55222942]5.1	Introduction
According to the introduction in clause 4, and in particular clause 4.3.2, clause 5 and the remainder of the present document defines a 5G Broadcast System based on a continuous evolution of MBMS to meet the use cases and requirements for a dedicated broadcast system for linear television and radio broadcast services, referred to as the LTE-based 5G Broadcast System.
In the remainder of the present document, the term "5G Broadcast" is used synonymously with "LTE-based 5G Broadcast".
[bookmark: _Toc51194640][bookmark: _Toc54885840][bookmark: _Toc55222943]5.2	Architecture
[bookmark: _Hlk29280779]Figure 5.2-1 depicts the reference architecture for the LTE-based 5G Broadcast System as defined in this specification. This architecture is a simplified version of the EPS architecture for E-UTRAN only, as defined in ETSI TS 123 246 [5].
The generic 5G Broadcast System architecture in Figure 4.2-1 is instantiated in to Figure 5.2-1. This simplified architecture and the reference points for the 5G Broadcast System as defined in the present document are also provided in Figure 5.2-1. The key aspects are the requirements for:
1) The 5G Broadcast Transmitter in terms of the reference points including:
a. For the northbound Network API for 5G Broadcast, a profile of xMB as defined in ETSI TS 126 348 [11] and ETSI TS 129 116 [12] is specified in the present document.
b. For the User Service for 5G Broadcast, a profile of the MBMS User Service as defined in ETSI TS 123 246 [5] and ETSI TS 126 346 [9] is specified in the present document.
c. For the RAN for 5G Broadcast, a profile of E-UTRAN Uu as defined in ETSI TS 36 300 [19], ETSI TS 36 211 [17] and ETSI TS 36 331 [22] is specified in the present document.
2) The 5G Broadcast Receiver including:
a. For the User Service for 5G Broadcast, a profile of the MBMS User Service as defined in ETSI TS 123 246 [5] and ETSI TS 126 346 [9] is specified in the present document.
b. For the RAN for 5G Broadcast, a profile of E-UTRAN Uu as defined in ETSI TS 36 300 [19], ETSI TS 36 211 [17] and ETSI TS36 331 [22] is specified in the present document.
c. For the Client API for 5G Broadcast, a profile of the MBMS-APIs as defined in ETSI TS 123 347 [10] is specified in the present document.
3) The 5G Broadcast TV/Radio Service Application in order to make use of the 5G Broadcast System.
Details for the reference points are provided in clause 5.5. The requirements for 5G Broadcast Transmitters are provided in clause 6 and the requirements for 5G Broadcast Receivers are provided in clause 7.


Figure 5.2-1: Reference architecture for 5G Broadcast System for linear TV and radio services with LTE-based 5G Broadcast instantiation
NOTE:	The following reference points are applicable for the E-UTRAN MBMS Broadcast Mode only (without use of the MBMS Service Counting procedure as defined in ETSI TS 136 300 [19]).
M1:	reference point between MBMS GW and E-UTRAN/UTRAN for MBMS data delivery. IP Multicast is used on this interface in the forwarding of user plane Protocol Data Units (PDUs) from the MBMS GW to the eNodeB(s) in the E-UTRAN.
M3:	reference point for the control plane between MME and E-UTRAN.
SGi-mb:	reference point for the user plane between BM-SC and MBMS GW.
SGmb:	reference point for the control plane between BM-SC and MBMS GW.
xMB:	reference point between the TV/Radio Content Service Content and the BM-SC.
MBMS-API:	reference point between the MBMS Client and the 5G Broadcast TV/Radio Service Application.
Application:	End-to-end logical association between the 5G Broadcast TV/Radio Content Service Provider and the 5G Broadcast TV/Radio Service Application. This association is not in scope of the present document but may be used to exchange service configuration information, for example as a TV Service Configuration MO (MO) as defined in ETSI TS 124 117 [8].
Protocol assumptions:
-	The Sm reference point is based on GTPv2-C as defined in ETSI TS 129 274 [13].
-	The M1 reference point is based on GTPv1-U as defined in ETSI TS 129 281 [14].
In a typical deployment of an LTE-based 5G Broadcast System, the functions of the eNodeB, MBMS GW, MME and BM-SC may be integrated into a single physical device that manages all the 5G Broadcast Services of a 5G Broadcast System operator. In this case, only a restricted set of interfaces are of relevance, namely: M1, M3, xMB and Uu. MBMS-API, and the Application interface applies to the User Equipment side.
[bookmark: _Toc51194641][bookmark: _Toc54885841][bookmark: _Toc55222944]5.3	5G Broadcast Services
[bookmark: _Toc51194642][bookmark: _Toc54885842][bookmark: _Toc55222945]5.3.1	Definition
LTE-based 5G Broadcast, as defined in the present document, instantiates 5G Broadcast Services with MBMS User Services as defined in ETSI TS 123 246 [5] and the constraints and requirements in this specification in order to carry linear television and radio broadcast services. MBMS User Services are uniquely identified by a Temporary Mobile Group Identifier (TMGI).
In particular, a 5G Broadcast Service is an MBMS Service that is also a "Broadcast TV service" as defined in ETSI TS 124 116 [7], clause 6. A "Broadcast TV Service" is uniquely identified as the combination of the carrier frequency and the lowest-five hexadecimal digits of the MBMS service ID. For details refer to clause 5.11.
A 5G Broadcast Service may be available in a PLMN. In order to provision and configure a network for a 5G Broadcast Service as defined in the present document, an MBMS User Service shall use any of the TMGIs from the reserved TMGI range for Receive-Only Mode, as defined in clause 5.12.
[bookmark: _Toc51194643][bookmark: _Toc54885843][bookmark: _Toc55222946]5.3.2	Service Types
The following of types of 5G Broadcast Services are defined:
1) A 5G Broadcast SA Service: A 5G Broadcast Service that provides Service Announcement and originates in the BM‑SC (or in the 5G Broadcast Transmitter) and terminates in the MBMS Client (or in the 5G Broadcast Receiver).
2) 5G Broadcast User Services: A 5G Broadcast Service that provides user data, for example a linear television or radio service. The User Service originates in the Content Provider and terminates in the Application. Based on the delivery modes available for MBMS User Services, the following User Service types are defined in the present document:
a. UDP Proxy, supported by the Transport-only Proxy Delivery Mode.
b. IP Packet Routing, supported by the Transport-only Forward-only Delivery Mode.
c. File Delivery, supported by the download delivery mode and non-real time file delivery in order to distribute files on a scheduled basis or in carousels.
d. Segment Streaming, supported by the download delivery mode and real-time segment delivery in order to distribute segment streaming services such as DASH, HLS and hybrid DASH/HLS.
As an example, Figure 5.3-1 illustrates the end-to-end service data delivery across application layer endpoints at the Content Provider server and the UE for one of the delivery modes, namely the UDP Proxy User Service. In this case, IP multicast packets flow between the BM-SC and the MBMS Client.
NOTE: transparent delivery in Figure 5.3.-1 refers to the App and UDP flows between the leftmost and rightmost vertical dashed lines, i.e. the UDP payloads are handed transparently through the system.


Figure 5.3-1: End-to-end IP multicast with UDP Proxy User Service
[bookmark: _Toc51194644][bookmark: _Toc54885844][bookmark: _Toc55222947]5.3.3	Service Provisioning, Configuration and Selection
5G Broadcast User Services shall be announced in at least one 5G Broadcast SA Service. To facilitate the discovery of 5G Broadcast Services, in particular 5G Broadcast SA Services, the 5G Broadcast Receiver device may in addition be provided with a well-defined TV Service Configuration MO, as specified in ETSI TS 124 116 [7], clause 6.1. The present document also addresses the usage of the TV Service Configuration MO as defined in clause 5.10 of ETSI TS 124 117 [8] as well as the ability to configure service discovery provisioning through the MBMS-APIs.
[bookmark: _Hlk54983701]The TV Service Configuration MO contains a list of PLMNs that carry 5G Broadcast SA Services. For each entry of the list, the following information should be available:
1) the PLMN ID of the PLMN for which the configuration applies; the format of the PLMN ID is specified in ETSI TS 123 003 [8].
2) RAN information where the 5G Broadcast SA Service is available, to assist in PLMN search, predominantly the E-UTRA Absolute Radio Frequency Channel Number (EARFCN). This is a 32-bit long unsigned integer in the range 0–262143. The format of the EARFCN is specified in ETSI TS 136 101 [15], clause 5.7.3.
3) The list of TMGIs on which 5G Broadcast SA Services are available. TMGIs are specified in ETSI TS 123 003 [8]. For details on the format of the TMGI for 5G Broadcast Services, refer to clause 5.11.
4) The list of TMGIs on which the 5G Broadcast User Service is available, along with the associated User Service Description information for the MBMS User Service.
In order to receive a 5G Broadcast Service, the receiver performs network selection for broadcast TV service as described in clause 5 of ETSI TS 124 116 [7] and selects the PLMN for the 5G Broadcast Service. Details on service discovery are provided in clause 5.11.
[bookmark: _Toc51194645][bookmark: _Toc54885845][bookmark: _Toc55222948]5.4	Operation Modes
[bookmark: _Toc51194646][bookmark: _Toc54885846][bookmark: _Toc55222949]5.4.1	General
For the LTE-based 5G Broadcast System, the BROADCAST MODE as defined in ETSI TS 123 246 [5], clause 5.4.3 shall apply. The phases of MBMS broadcast service provision include:
Service Announcement, for details see clause 5.4.2.
Session Start, for details see clause 5.4.3.
MBMS Notification, for details see clause 5.4.4.
Data Transfer, for details see clause 5.4.5.
Session Stop, for details see clause 5.4.6.
In addition, for 5G Broadcast services the Receive-Only Mode (ROM) as defined in ETSI TS 123 246 [5] shall be used. For details, see clause 5.4.7.
[bookmark: _Toc51194647][bookmark: _Toc54885847][bookmark: _Toc55222950]5.4.2	Service Announcement and Discovery
In order to access a 5G Broadcast Service, the service and its associated parameters need to be properly announced. The MBMS User Service announcement/discovery mechanisms allow receivers to be informed about the MBMS User Services available. Service announcement is used to distribute to 5G Broadcast Receivers information about the service, parameters required for service acquisition (e.g., delivery method, QoS reporting. bearer and media information, IP multicast address(es)) and possibly other service-related parameters (e.g. delivery schedule, QoS reporting, file repair).
LTE-based 5G Broadcast requires the usage and support of 5G Broadcast SA Services for service announcements. For this purpose, 5G Broadcast SA Services shall use the SACH as well as a set of TMGIs corresponding to the reserved range of values defined in ETSI TS 124 116 [7] for service announcements. For details on TMGI values, refer to clause 5.11.
In addition, the TV Service Configuration MO (as introduced also in clause 5.10) may be used as follows:
The TV Service Configuration MO may be pre-configured and pre-stored in the 5G Broadcast Receiver, for example by the device manufacturer or a mobile network operator using operator configuration; or
the Content Provider may provide a TV Service Configuration MO data as defined in ETSI TS 124 117 [8] using private application-specific means and then through the MBMS-API. As an example, the MO can be provisioned by unicast communication, for example if a receiver also includes a 5G unicast capabilities.
[bookmark: _Toc51194648][bookmark: _Toc54885848][bookmark: _Toc55222951]5.4.3	Session Start
Session Start is the point at which the BM-SC is ready to send data. For details, see ETSI TS 123 246 [5], clause 4.4.3.2.
[bookmark: _Toc51194649][bookmark: _Toc54885849][bookmark: _Toc55222952]5.4.4	MBMS Notification
See ETSI TS 123 246 [5], clause 4.4.3.3.
[bookmark: _Toc51194650][bookmark: _Toc54885850][bookmark: _Toc55222953]5.4.5	Data Transfer
See ETSI TS 123 246 [5], clause 4.4.3.4.
[bookmark: _Toc51194651][bookmark: _Toc54885851][bookmark: _Toc55222954]5.4.6	Session Stop
See ETSI TS 123 246 [5], clause 4.4.3.5.
[bookmark: _Toc51194652][bookmark: _Toc54885852][bookmark: _Toc55222955]5.4.7	Session Update
Session update is aligned with ETSI TS 123 246 [5], clause 4.4.3.6, but the following constraints apply:
1)	Session Update is used to update specific parameters of an ongoing MBMS Broadcast session. The only parameters which can be updated is the MBMS Service Area.
2)	Session Update due to QoS (ARP parameter only) is not supported.
[bookmark: _Toc51194653][bookmark: _Toc54885853][bookmark: _Toc55222956]5.4.7	Receive-Only Mode
LTE-based 5G Broadcast Services shall be Receive-Only Mode (ROM), i.e. they are intended for consumption on 5G Broadcast Receivers operating in Receive-Only Mode (ROM).
According to ETSI TS 123 246 [5], Receive-Only Mode (ROM) is defined as a UE configuration option that allows a UE to receive an eMBMS broadcast service without the need to access and register with the PLMN offering the eMBMS service. A UE configured to operate in ROM receives an MBMS service only on a standardised TMGI value range. The UE uses the acquired system information to receive MBMS broadcast. Use of ROM does not require USIM for the UE.
Hence, LTE-based 5G Broadcast Services shall be restricted to TMGI value ranges for ROM services. For details on TMGI, refer to clause 5.11.
Detailed procedures for a UE in ROM are defined in ETSI TS 123 246 [5], Annex E as well as in ETSI TS 124 116 [7].
[bookmark: _Toc51194654][bookmark: _Toc54885854][bookmark: _Toc55222957]5.5	Reference Points and Protocols
[bookmark: _Toc51194655][bookmark: _Toc54885855][bookmark: _Toc55222958]5.5.1	General
According to Figure 5.2-1, this clause defines the reference points and protocols for the LTE-based 5G Broadcast System instantiation, namely:
For the northbound Network-API for 5G Broadcast, a profile of xMB is defined in clause 5.5.2.
For the User Service for 5G broadcast, a profile of the MBMS User Service is defined in clause 5.5.3;
For the RAN for 5G Broadcast, a profile of E-UTRAN Uu and enTV is defined in clause 5.5.4;
For the Client API for 5G Broadcast, a profile of the MBMS-APIs is defined in clause 5.5.5;
[bookmark: _Toc51194656][bookmark: _Toc54885856][bookmark: _Toc55222959]5.5.2	xMB profile for 5G Broadcast
The Application Programming Interfaces (APIs) for Multimedia Broadcast/Multicast Service (MBMS) at reference point xMB are defined in ETSI TS 126 348 [11] and ETSI TS 129 116 [12].
The xMB reference point provides the ability for the Content Provider to:
Authenticate and authorize BM-SC(s).
Create, modify and terminate a service.
Create, modify and terminate a session.
Query information.
Deliver content to the BM-SC(s).
The xMB reference point provides the ability for the BM-SC to:
Authenticate and authorize a content provider.
Notify the content provider of the status of an MBMS user service usage.
Retrieve content from the content provider.
For 5G Broadcast Services, the following procedures on xMB shall be supported:
1)	Authentication and Authorization as defined in clause 5.2 of ETSI TS 126 348 [11].
2)	Service Management Procedures as defined in clause 5.3 of ETSI TS 126 348 [11] with the following additional considerations:
a.	All Service Management Procedures apply, i.e.
Create Service as defined in clause 5.3.2 of ETSI TS 126 348 [11],
Get Service Procedure as defined in clause 5.3.3 of ETSI TS 126 348 [11],
Update Service Procedure as defined in clause 5.3.4 of ETSI TS 126 348 [11],
Terminate Service Procedure as defined in clause 5.3.5 of ETSI TS 126 348 [11].
b.	Service Notifications as defined in clause 5.3.6 of ETSI TS 126 348 [11] applies.
c.	For the Service Properties defined in clause 5.3.7, Table 5.3-1 of ETSI TS 126 348 [11], the following constraints apply:
The Receive-Only Mode property shall be set to 'true',
The Consumption Reporting configuration shall be set to 'false',
The Service Announcement Mode property shall be set to 'SACH'.
3)	Session Management Procedures as defined in clause 5.4 of ETSI TS 126 348 [11] with the following additional restrictions:
a.	All Session Management Procedures apply, i.e.
Create Session as defined in clause 5.4.2 of ETSI TS 126 348 [11],
Get Session Procedure as defined in clause 5.4.3 of ETSI TS 126 348 [11],
Update Session Procedure as defined in clause 5.4.4 of ETSI TS 126 348 [11],
Terminate Session Procedure as defined in clause 5.4.5 of ETSI TS 126 348 [11],
b.	For the Session Properties defined in clause 5.4.6, Table 5.4.-1 of ETSI TS 126 348 [11], the following constraints apply:
The Max Delay parameter shall not be used.
The QoE Reporting parameter shall not be used.
The Session Type parameter shall be set to one of the following modes:
-	Files,
-	Application,
-	Transport-Mode.
Header Compression shall not be used.
c.	For the additional Session Properties for Transport-Mode defined in clause 5.4.6, Table 5.4-2 of ETSI TS 126 348 [11], the following constraints apply:
"Delivery Mode Configuration for User Plane" property is set to Proxy or Forward-Only.
"Session Description Parameters for User Plane" property:
-	Type: shall be set to 'embedded'.
-	Access URL: shall be the URL of an SDP file that describes a multicast stream associated with the BM‑SC ingest session.
-	The User Plane Parameters are set according to the Service Announcement Mode as follows:
-	If "Delivery Mode Configuration for user plane" is set to Forward Only: User Plane Parameters shall contain a complete Session Description and a single xMB-U reception UDP port. This port is used by the BM‑SC for Service Announcement delivery over the SACH. For the usage of the information, refer to clause 5.4.6, Table 5.4-2 of ETSI TS 126 348 [11].
-	If "Delivery Mode Configuration for user plane" is set to Proxy: User Plane Parameters shall contain a Session Description template and a list of the transmitted UDP flows to be forwarded on the established MBMS bearer for the session. For usage of the Session Description information, refer to clause 5.4.6, Table 5.4-2 of ETSI TS 126 348 [11].
Delivery Session Description Parameters shall not be used.
d.	For the additional Session Properties for Application as defined in clause 5.4.6, Table 5.4-4 of ETSI TS 126 348 [11], all parameters may be used with the following constraints:
Application Service Description shall be set to the MIME content type of the Application Service, namely either 'application/dash+xml' for DASH [24] or 'application/‌vnd.‌apple.‌mpegurl' for HLS [26].
Alternative Application Service Description may be present and is either 'application/‌dash+xml' for DASH or 'application/‌vnd.‌apple.‌mpegurl' for HLS.
e.	For the additional Session Properties for Files as defined in clause 5.4.6, Table 5.4-5 of ETSI TS 126 348 [11], all parameters may be used, but the following constraints apply:
The SA file URL may be present to support service announcement through content provider mode.
4)	User Plane Procedures as defined in clause 5.5 of ETSI TS 126 348 [11] with the following additional considerations:
a.	File Distribution is as defined in clause 5.5.2 of ETSI TS 126 348 [11].
b.	Transport sessions are as defined in clause 5.5.4 of ETSI TS 126 348 [11].
c.	Content Provider reception of Notification Messages is as defined in clause 5.5.5, Table 5.5-1 of ETSI TS 126 348 [11], with the following constraints:
Message Class "Information" shall not be used.
For Message Class "Session", only the message name "SessionStateChange" shall be used.
The Session Parameter settings and protocol stack are provided in Annex A of ETSI TS 126 348 [11].
[bookmark: _Toc51194657][bookmark: _Toc54885857][bookmark: _Toc55222960]5.5.3	MBMS User Service profile
MBMS User Service protocols and codecs are documented in ETSI TS 126 346 [9] and that specification defines the reference point between the BM-SC (the origin of an MBMS User Service) and the MBMS Client. Only a subset of the MBMS User Service protocols and functionalities are applicable to 5G Broadcast Services.
The User Service Description of an LTE-based 5G Broadcast Service shall include at least one capability for a 5G Broadcast Receiver as defined in clause 10, Table 10.1-1. The capabilities are allocated in clause 11.9 of ETSI TS 126 346 [9].
In order to support 5G Broadcast SA and User Services, MBMS Profiles for MBMS User Services are defined in Annex L of ETSI TS 126 346 [9].
For Service Announcement the MBMS User Service Discovery/Announcement Profile 1b as documented in clause L.3 of ETSI TS 126 346 [9] shall apply with the following constraints:
The Associated Delivery Procedure Description (ADPD) fragment may be absent. If present, it may be ignored by the MBMS client in the 5G Broadcast receiver if the MBMS client does not support unicast connectivity. For some deployment options, refer to clause 9.
The User Service Description should include the r15:ROMSvcRfParams child element and signal EARFCN for subcarrier spacing and bandwidth. According to [9], the value of subcarrierSpacing shall be restricted to be one of the following numbers in units of kHz: 0.37, 1.25, 2.5, 7.5 or 15. The value of bandwidth shall be restricted to be one of the following numbers in units of MHz: 1.4, 3, 5, 10, 15 and 20.
The Service Announcement shall include a required capability '23' as defined in clause 11.9 of ETSI TS 126 346 [9].
For File Delivery or Segment Streaming User Services, the MBMS Download profile as documented in clause L.4 of ETSI TS 126 346 [9] shall apply with the following constraints:
RTSP Control of FLUTE Sessions as defined in clause L.4.6 shall not be used.
For UDP Proxy User Services, the Transparent Delivery Method as defined in clause 8B of ETSI TS 126 346 [9] shall apply with the following constraints:
MBMS transparent delivery sessions shall be operated strictly in Proxy mode, whereby the transport protocol and session description as described in clauses 8B.2 and 8B.3 of ETSI TS 126 346 [9] shall apply:
The transport framing protocol shall not be used.
Delivery Mode Configuration for user plane shall be set to Proxy.
ROHC as defined in clause 8B.4 of ETSI TS 126 346 [9] shall not be used.
FEC as defined in as defined in clause 8B.5 of ETSI TS 126 346 [9] shall not be used.
For IP Packet Routing User Services, the Transparent Delivery Method as defined in clause 8B of ETSI TS 126 346 [9] shall apply with the following constraints:
MBMS transparent delivery sessions shall be operated strictly in Forward-only mode.
The transport protocol on top of IP is opaque to the MBMS system.
[bookmark: _Toc51194658][bookmark: _Toc54885858][bookmark: _Toc55222961]5.5.4	E-UTRAN Uu profile for 5G Broadcast
The E-UTRAN Uu for 5G Broadcast relies on two main principles:
1)	A radio network comprising only MBMS-dedicated cells [19] as transmitters; MBMS-dedicated cells support only MBMS transmission and do not support uplink transmission. 
2)	Receive-Only-Mode (ROM) devices [5] as receivers; ROM devices support only ROM service [9]. ROM service uses one of the reserved TMGI values [7];
Details for E-UTRAN Uu reference point for 5G Broadcast are defined in clause 6.4 and clause 7.2.
[bookmark: _Toc51194659][bookmark: _Toc54885859][bookmark: _Toc55222962]5.5.5	Client-APIs for 5G Broadcast
For the Client API for 5G Broadcast, the MBMS Application Programming Interfaces (MBMS-APIs) are specified in ETSI TS 126 347 [10] and define the application service interfaces between the MBMS Client and the MBMS-Aware Application.
For 5G Broadcast Services, the following MBMS-APIs shall apply:
1)	For File Delivery User Services,
-	The File Delivery Application User Service as specified in clause 4.3.2 of ETSI TS 126 347 [10] shall apply.
The File Delivery Application Service API as specified in clause 6.2 of ETSI TS 126 347 [10] shall apply.
The file copy interface as specified in clause 7.2 of ETSI TS 126 347 [10] or the HTTP Interface as defined in clause 7.3 of ETSI TS 126 347 [10] shall be used.
2)	For Segment Streaming User Services,
The Media Application User Service as specified in clause 4.3.3 of ETSI TS 126 347 [10] shall apply.
The Media Streaming Service API as specified in clause 6.3 of ETSI TS 126 347 [10] shall apply.
The DASH-specific interface as specified in clause 7.4 of ETSI TS 126 347 [10] or the HLS-specific interface in clause 7.6 of ETSI TS 126 347 [10] shall be used.
3)	For UDP Proxy as well as IP Packet Routing User services,
The MBMS Transparent User Service as specified in clause 4.3.5 of ETSI TS 126 347 [10] shall apply.
The MBMS Packet Delivery Service API as specified in clause 6.4 of ETSI TS 126 347 [10] shall apply with the following constraint:
The serviceType shall be set to TRANSPARENT-ROM.
The packet data interface as specified in clause 7.6 of ETSI TS 126 347 [10] is used.
4)	Improved Service Announcement may be supported by either of the following means:
The application provides a Service Announcement file to the MBMS Client using the relevant MBMS‑API, the Service Announcement file is specified in clause 6.2.3.22 of ETSI TS 126 347 [10].
By usage of the TV Service Configuration MO delivered to the MBMS Client as defined in ETSI TS 124 117 [8]. For details refer to clause 5.10 in the present document.
[bookmark: _Toc51194660][bookmark: _Toc54885860][bookmark: _Toc55222963]5.6	5G Broadcast Procedures
The following MBMS procedures specified in ETSI TS 123 246 [5] shall be supported for LTE-based 5G Broadcast:
[bookmark: _Toc19103549]MBMS Session Start Procedure for E-UTRAN and UTRAN for EPS.
MBMS Session Stop Procedure for E-UTRAN and UTRAN for EPS.
MBMS Broadcast Service Activation.
MBMS Broadcast service de-activation.
BM-SC initiated Session Update for EPS with E-UTRAN and UTRAN.
[bookmark: _Toc51194661][bookmark: _Toc54885861][bookmark: _Toc55222964]5.7	Security
For 5G Broadcast, the following security considerations apply:
A ROM device does not support signalling procedures, including registration with a PLMN. 
A ROM device is not equipped with a USIM. Therefore, security procedures with a PLMN are not supported.
If security is required for 5G Broadcast, it must be implemented using application-level procedures.
[bookmark: _Toc51194662][bookmark: _Toc54885862][bookmark: _Toc55222965]5.8	Charging
For 5G Broadcast, the following charging considerations apply:
A ROM device does not support signalling procedures, including registration with a PLMN. 
A ROM device is not equipped with a USIM. Therefore, charging by PLMN is not supported.
If charging is required for 5G Broadcast, charging can be implemented using application-level procedures.
[bookmark: _Toc51194663][bookmark: _Toc54885863][bookmark: _Toc55222966]5.9	Roaming
Roaming does not apply.
[bookmark: _Toc51194664][bookmark: _Toc54885864][bookmark: _Toc55222967]5.10	TV Service Configuration MO
If the Service Announcement is further supported by an application to MBMS Client communication through the MBMS-API, then the receiver configuration procedure for a 5G Broadcast Receiver can be achieved by the application providing relevant information obtained from a TV Service Configuration MO to the MBMS Client.
The TV Service Configuration MO is defined in ETSI TS 124 117 [8]. When this Management Object is used in a 5G Broadcast System, the following constraints apply:
The MO identifier shall be: urn:oma:mo:ext-3gpp-tv-config:1.0.
The Management Object provides information about the TMGIs associated with the services, as well as the carrier frequency for each service.
NOTE:	The 5G Broadcast Receiver could also discover the 5G Broadcast Services provided by the serving PLMN by scanning the reserved range of TMGIs for broadcast TV service.
[bookmark: _Toc51194665][bookmark: _Toc54885865][bookmark: _Toc55222968]5.11	Temporary Mobile Group Identity
[bookmark: _Toc51194666][bookmark: _Toc54885866][bookmark: _Toc55222969]5.11.1	Introduction
The Temporary Mobile Group Identity (TMGI) is used for MBMS notification purposes to uniquely identify MBMS bearer services.
The BM-SC allocates a globally unique TMGI per MBMS bearer service. The structure of the TMGI is defined in clause 15.2 of ETSI TS 123 003 [3], but also shown in Figure 5.11-1. The TMGI is a radio resource-efficient MBMS bearer service identification, which is equivalent to the MBMS bearer service identification consisting of an IP multicast destination group address and an APN.


Figure 5.11-1 Temporary Mobile Group Identity (TMGI)
Generally, the TMGI is composed of three parts:
1)	MBMS Service ID, consisting of three octets. MBMS Service ID consists of a 6-digit fixed-length hexadecimal number between 0x000000 and 0xFFFFFF. MBMS Service ID uniquely identifies an MBMS bearer service within a PLMN. The structure of MBMS Service ID for services for Receive-Only Mode is defined in ETSI TS 124 116 [7].
2)	Mobile Country Code (MCC), consisting of three hexadecimal digits. The MCC identifies uniquely the country of domicile of the BM-SC, except for the MCC value of 901, which does not identify any country and is assigned globally by ITU.
3)	Mobile Network Code (MNC), consisting of two or three hexadecimal digits (depending on the assignment to the PLMN by its national numbering plan administrator). The MNC identifies the PLMN which the BM-SC belongs to, except for the MNC value of 56 when the MCC value is 901, which does not identify any PLMN. For more information on the use of the TMGI, see ETSI TS 123 246 [5].
[bookmark: _Toc51194667][bookmark: _Toc54885867][bookmark: _Toc55222970]5.11.2	TMGIs for 5G Broadcast Services
[bookmark: _Hlk54987976]An LTE-based 5G Broadcast Service is Receive-Only Mode (ROM) service as well as a Broadcast TV service.
[bookmark: _Hlk54987716]According to clause 6.3 of ETSI TS 124 116 [7], for the TMGI in the case of Receive-Only Mode, the first hexadecimal digit (i.e. the four most significant bits) of the MBMS Service ID is used to signal the type of service. 
Based on this, for LTE-based 5G Broadcast Services, two options for the TMGI of the actual service as well as for the service announcement exist:
1)	The service provider may use a TMGI with the globally assigned PLMN ID 901 56. For assignment of the MBMS Service ID, see below.
2)	The service provider may use a TMGI with PLMN ID other than 901 56 to provide a 5G Broadcast Service. In this case, it is the service providers responsibility to assign a correct MBMS Service ID. 
In addition, as 5G Broadcast Services are ROM services, the type of service shall be set to 0x0. This leaves five additional digits (i.e. 20 bits) for signalling broadcast TV services in the MBMS Service ID. 
Furthermore, for LTE-based 5G Broadcast services, the following applies:
MBMS Service ID values 0x000000 to 0x00000F inclusive are used only for TMGIs associated with the 5G Broadcast SA Service as defined in clause 5.4 and 5.5.3; and
the remaining values of the MBMS Service ID are used for TMGIs associated with the 5G Broadcast User Services as defined in clause 5.4 and 5.5.3.
[bookmark: _Toc51194668][bookmark: _Toc54885868][bookmark: _Toc55222971]5.11.3	TMGI Management for 5G Broadcast Services
If a 5G Broadcast Service provider owns a PLMN ID and provides a 5G Broadcast Service using a TMGI according to clause 5.11.2 within the allocated PLMN ID, then the management of TMGIs for 5G Broadcast services is at the discretion of the broadcast network operator. A UE that is a 5G Broadcast receiver and also includes a SIM card may discover such services, as PLMN IDs are stored on the SIM card.
NOTE:	Services outside the globally assigned PLMN ID are not be automatically discoverable by a 5G Broadcast Receiver. The 5G Broadcast Service provider must pre-configure the 5G Broadcaster receiver to access such a service.
Alternatively, a 5G Broadcast Service provider may use TMGIs from the reserved range on the globally assigned PLMN ID 901 56. However, note that MBMS Service IDs are not globally unique in the sense that two service providers may use the same TMGI from the reserved range for different 5G Broadcast Services.
It is recommended that in this case a regional consortium assigns a proper MBMS Service ID for each service following the rules in clause 5.11.2.
[bookmark: _Toc51194669][bookmark: _Toc54885869][bookmark: _Toc55222972]5.12	Discovering 5G Broadcast Services
For discovering all available 5G Broadcast Services, a 5G Broadcast Receiver shall identify all PLMNs that carry 5G Broadcast Services.
NOTE:	PLMNs may be identified by RAN parameters as defined in clause 5.3.3.
Then, for each identified PLMN carrying at least one 5G Broadcast Service, a 5G Broadcast Receiver shall find the 5G Broadcast SA services in the range of associated TMGIs as defined in clause 5.11.2.
For each service announced in the 5G Broadcast SA service a 5G Broadcast Receiver shall find the 5G Broadcast User services in the range of associated TMGIs as defined in clause 5.11.3 based on the SA service announcement.
In order to support the search for PLMNs carrying 5G Broadcast Services:
1)	The 5G Broadcast Receiver may be pre-configured with PLMNs and the associated RAN parameters.
2)	The PLMN information may be provided through the SA configuration in the TV Management Object information (see clause 5.10).
3)	The PLMN information may be provided through the SA configuration in the application, in which case the application shall provide the information to the 5G Broadcast Receiver through the MBMS-API (see clause 5.5.5).
4)	Once a 5G Broadcast SA service is discovered, the PLMN information may be provided through the SA information in the USD when receiving SA information in the 5G Broadcast SA service.
The MBMS Client then forwards the RAN information (service area and radio frequency information) to the lower layers, and the UE is expected to make use of such information in accordance with TS 36 300 [96] clause 15.4 as well as TS 36 304 [108] and TS 36 331 [97] to access the MBMS bearer service that carries the 5G Broadcast service.
[bookmark: _Toc51194670][bookmark: _Toc54885870][bookmark: _Toc55222973]5.13	RAN Configuration Options (informative)
Two important features for the radio access network documented in clause 4.2 are the support for
Single Frequency Network (SFN) deployments with Inter Site Distance (ISD) significantly larger than a typical ISD associated with typical cellular deployments with ISD > 100 km to support receivers with high-gain rooftop directional antennas, low mobility and a predominantly line-of-sight channel.
Mobility scenarios including speeds of up to 250 km/h to support receivers in cars, with external omni-directional antennas.
FeMBMS (as defined in Release 16) supports different numerologies (from 15 kHz down to 0.37 kHz) designed for operation with different inter-site distances (ISD) and potentially high Doppler spread. However, it is not a single RAN configuration that can support all the above features at the same time. An overview of different configurations available in FeMBMS is provided:
eMBMS as defined in Release 14 supports an initial set of numerologies for typical cellular ISDs and typical mobile speeds.
The original enTV configuration defined in Release 14 with 1.25 kHz subcarrier spacing provides good and balanced performance at low-to-moderate mobility for larger ISDs than typical cellular ones.  
In FeMBMS, the numerology with 0.37 kHz subcarrier spacing is introduced to support the scenario of large ISDs up to 125 km. This RAN configuration is tailored to rooftop reception from Medium Power Medium Tower (MPMT) transmitter sites as well as High Power High Tower (HPHT) transmitters. 
Also introduced in FeMBMS is the support of high mobility up to 250 km/h for mobile and portable UEs. For this, a numerology with 2.5 kHz subcarrier spacing is supported in FeMBMS to support this high mobility scenario.
It is at the discretion of the 5G Broadcast Service provider to the select the appropriate RAN configuration, in particular the correct numerology, for its considered deployment.
The present document permits the use of any subcarrier spacing defined in FeMBMS, i.e. 3GPP Release 16, but additionally specifies the subset of subcarrier spacings that a 5G Broadcast Receiver is required to support. For details on receiver requirements on supported RAN configurations, refer to clause 10.
[bookmark: _Toc51194671][bookmark: _Toc54885871][bookmark: _Toc55222974]5.14	5G Broadcast TV/Radio Service Application Requirements
[bookmark: _Toc51194672][bookmark: _Toc54885872][bookmark: _Toc55222975]5.14.1	Introduction
A 5G Broadcast System operator runs a 5G Broadcast System with 5G Broadcast Transmitters for use by devices including 5G Broadcast Receivers.
A TV/Radio Content Service Provider runs a head-end providing linear television and Radio services and an application that runs on devices which include a 5G Broadcast Receiver.
This clause documents the requirements for a 5G Broadcast TV/Radio Application to interface and make use of the LTE-based 5G Broadcast System to set up and consume 5G Broadcast Services.
[bookmark: _Toc51194674][bookmark: _Hlk54988487][bookmark: _Toc54885873][bookmark: _Toc55222976]5.14.2	Service Provisioning
A 5G Broadcast TV/Radio Content Service Provider using a 5G Broadcast System shall support all relevant service provisioning and ingest procedures as defined in clause 5.5.2.
[bookmark: _Toc51194675][bookmark: _Toc54885874][bookmark: _Toc55222977]5.14.3	Supported content formats
A 5G Broadcast TV/Radio Service Application can make of use of different 5G Broadcast User Services as defined in clause 5.3:
UDP Proxy.
IP Packet Routing.
File Delivery.
Segment Streaming.
The User Services and content formats supported by a 5G Broadcast TV/Radio Service Application using 5G Broadcast Services shall conform to any of those specified by the xMB APIs in clause 5.5.2. Typical content formats are:
Single file delivery at a schedule.
Carousels of files, including updates of files.
DASH-based streaming. For format recommendations, refer to Annex K of ETSI TS 126 346 [9].
HLS-based streaming.
Hybrid DASH/HLS streaming based on CMAF.
IPTV unicast streams.
IPTV multicast streams.
ABR multicast streams.
[bookmark: _Toc51194676][bookmark: _Toc54885875][bookmark: _Toc55222978][bookmark: _Toc54885876]5.14.4	Application Programming Interface conformance
The 5G Broadcast TV/Radio Service Application shall be an MBMS-Aware application that supports the Application Programming Interfaces of the MBMS-APIs as profiled in clause 5.5.5.
[bookmark: _Toc51194677][bookmark: _Toc54885877][bookmark: _Toc55222979]5.14.5	Application-based Service Announcement
The 5G Broadcast TV/Radio Service Application may support service discovery by providing either the Service Announcement generated by the BM‑SC or the TV Service Configuration MO to the 5G Broadcast Receiver using the Application Programming Interfaces of the MBMS-APIs as profiled in clause 5.5.5.
[bookmark: _Toc51194678][bookmark: _Toc54885878][bookmark: _Toc55222980]6	Transmitter Requirements for LTE-based 5G Broadcast
[bookmark: _Toc51194679][bookmark: _Toc54885879][bookmark: _Toc55222981]6.1	Introduction
This clause provides requirements for the transmitter of an LTE-based 5G Broadcast System as defined in clause 5. This function is referred to as 5G Broadcast Transmitter.
[bookmark: _Toc51194680][bookmark: _Toc54885880][bookmark: _Toc55222982]6.2	Broadcast-Multicast Service Centre (BM-SC)
The 5G Broadcast Transmitter shall include a BM-SC function with the following functions:
Northbound Application Programming Interface (API) for Multimedia Broadcast/Multicast Service (MBMS) at the xMB reference point are defined in ETSI TS 126 348 [11] with the constraints as described in clause 5.5.2.
MBMS User Service Interface with the constraints as described in clause 5.5.3.
The EPS MBMS Procedures as defined in clause 5.6.
[bookmark: _Toc51194681][bookmark: _Toc54885881][bookmark: _Toc55222983]6.3	MBMS GW
The 5G Broadcast Transmitter shall include an MBMS GW function. The functions of an MBMS GW in the 5G Broadcast System are specified in ETSI TS 123 246 [5].
[bookmark: _Toc51194682][bookmark: _Toc54885882][bookmark: _Toc55222984]6.4	E-UTRAN
[bookmark: _Toc51194683][bookmark: _Toc54885883][bookmark: _Toc55222985]6.4.1	General
The 5G Broadcast Transmitter shall include an eNodeB function with all functionalities defined in the rest of this clause 6.4.
[bookmark: _Toc54885884][bookmark: _Toc55222986]6.4.2	MBMS-dedicated cells
The E-UTRAN part of a 5G Broadcast Transmitter shall consist of MBMS-dedicated cells only, as defined in ETSI TS 136 300 [19].
According to [19], MBMS-dedicated cells support strictly (downlink) MBMS transmission and do not support uplink transmission. MBSFN subframes of a MBMS-dedicated cell do not have a control region and can therefore be 100% allocated to MBMS use. Non-MBSFN subframes of a MBMS-dedicated cell, also called Cell Acquisition Subframes (CAS), have the control region and are used for transmission of:
system acquisition signals (PSS/SSS);
PDCCH; and
system information on PBCH and PDSCH.
CAS shall be transmitted with periodicity of 40 ms and shall use subframes with Df = 15 kHz configured with either a normal or extended Cyclic Prefix (CP)[image: ][image: ]. The PBCH of an MBMS-dedicated cell shall use a different scrambling sequence initialization than the PBCH of a non-MBMS-dedicated cell, which prevents UEs that do not support MBMS-dedicated cells from camping on it.
[bookmark: _Toc51194684][bookmark: _Toc54885885][bookmark: _Toc55222987]6.4.3	Architecture, protocol stack and E-UTRAN interfaces
The E-UTRAN architecture of a 5G Broadcast System shall adhere to the MBMS architecture in ETSI TS 136 300 [19] clause 15.1.1.
The E-UTRAN user plane and control plane protocol stacks architecture shall adhere to the description in ETSI TS 136 300 [19] clause 15.1.2 and clause 15.1.3, respectively.
The E-UTRAN interfaces shall adhere to the description in ETSI TS 136 300 [19] subclause 15.1.1 and in ETSI TS 136 440 [23], except that the MBMS Service Counting procedure may not be supported by the eNodeB.
[bookmark: _Toc24034110][bookmark: _Toc51194685][bookmark: _Toc54885886][bookmark: _Toc55222988]6.4.4	Frame structure and numerologies
The following applies on frame structures and numerologies:
· Only frame structure type 1 shall be used. 
· All numerologies specified in ETSI TS 136 211 [17] shall be supported. For subframes using Df other than 0.370 kHz, the frame structure shall be according to Figure 6.4-1. For transmissions using Df = 0.370 kHz, the frame structure is shown in Figure 6.4-2.
· Physical resource elements and physical resource blocks shall be supported as specified in TS 36 211 [17] subclause 6.2 and 6.3.


NOTE:	The CAS is a non-MBSFN subframe, and is configured with 15 kHz subcarrier spacing.
Figure 6.4-1: Frame structure type 1 for subframes not using Df = 0.370 kHz
Figure 6.4-2: Frame structure type 1 for transmissions using Df = 0.370 kHzCAS
#1
#2
#3
…………
#13
One 1m subframe
One 3ms slot, one symbol per slot
Four radio frames = 40ms
#1

[bookmark: _Toc24034111]
Table 6.4.4-1 summarizes the supported numerologies for MBMS transmission over PMCH. The theoretical equalization interval is obtained as the maximum channel delay spread that can be estimated from the pilot pattern, and is equal to the Symbol duration (excluding CP) divided by the frequency separation (in number of subcarriers) between two consecutive pilot tones.
Table 6.4.4-1: Summary of supported numerologies for MBMS transmission over PMCH
	[bookmark: _Hlk50799391]Subcarrier spacing
	Symbol duration
(excluding Cyclic Prefix)
	Cyclic Prefix length
	Time separation between pilots in the same subcarrier, in number of OFDM symbols
	Frequency separation between pilots, in number of subcarriers (after de-stagger)

	15 kHz
	66.6 µs
	16.6 µs
	8 (see NOTE)
	1

	7.5 kHz
	133.3 µs
	33.3 µs
	4 (see NOTE)
	2

	2.5 kHz
	400 µs
	100 µs
	2
	2

	1.25 kHz
	800 µs
	200 µs
	2
	3

	0.370 kHz
	2700 µs
	300 µs
	2 or 4
	3

	NOTE: 	For 15 and 7.5 kHz subcarrier spacings, this denotes the separation within one subframe of one of the staggers. See ETSI TS 136 211 [17] Figures 6.10.2.2-1 and 6.10.2.2-3.


[bookmark: _Toc51194686]
[bookmark: _Toc54885887][bookmark: _Toc55222989]6.4.5	MBMS Transmission
[bookmark: _Hlk54813965]MBMS transmission shall be performed according to ETSI TS 136 300 [19] subclause 15.3.3.
MCCH configuration and scheduling shall be performed according to [19] subclause 15.3.5 and [22] subclause 5.8.1, except that the MBMS Service Counting procedure is not supported.
MCCH information acquisition shall be performed according to TS 36 300 [19] subclause 15.3.5 and TS 36 331 [22] subclause 5.8.2 except that only RRC_IDLE is supported.
[bookmark: _Toc51194687][bookmark: _Toc24034112][bookmark: _Toc54885888][bookmark: _Toc55222990]6.4.5	Physical channels and signals
The E-UTRAN shall support downlink physical channels only. The general structure of downlink physical channels is specified in ETSI TS 136 211 [17]. Only the following physical channels are supported according to [17]:
PMCH;
PDSCH; 
PBCH;
PCFICH;
PDCCH;
CRS;
MBSFN-RS;
PSS; and
SSS.
NOTE:	Based on 3GPP Release 16 specifications, enhancements to physical channels including PBCH repetition, CFI indication in MIB and PDCCH AL16 are inherently supported.
[bookmark: _Toc51194688][bookmark: _Toc54885889][bookmark: _Toc55222991]6.4.6	MAC layer
The MAC layer signal shall be compatible with the 5G Broadcast Receiver requirements as defined in clause 7.3.4.
[bookmark: _Toc24034113][bookmark: _Toc51194689][bookmark: _Toc54885890][bookmark: _Toc55222992]6.4.7	RLC layer
The BCCH shall use the RLC-TM mode.
MTCH and MCCH shall use the RLC-UM mode.
RLC operation for MTCH and MCCH shall be used as described in ETSI TS 136 300 [19] subclause 15.3.3.
[bookmark: _Toc24034114][bookmark: _Toc51194690][bookmark: _Toc54885891][bookmark: _Toc55222993]6.4.8	RRC layer
The RRC layer shall be compatible with a 5G Broadcast Receiver requirements as defined in clause 7.3.6.
[bookmark: _Toc51194691][bookmark: _Toc54885892][bookmark: _Toc55222994]6.5	System Information
A 5G Broadcast transmitter shall implement System Information (SI) as specified in ETSI TS 136 321 [] subclause 5.2.
In an MBMS-dedicated cell, non-MBSFN subframes are used for providing MasterInformationBlock-MBMS (MIB-MBMS) and SystemInformationBlockType1-MBMS. SIBs other than SystemInformationBlockType1-MBMS are carried in SystemInformation-MBMS message which is also provided on non-MBSFN subframes. SI-RNTI, with value in accordance with ETSI TS 136 321 [21], is used to address all SI messages whereas SI-RNTI with value in accordance with TS 36 321 [21] is used to address SystemInformationBlockType1-MBMS.
MIB-MBMS and SIB1-MBMS are repeated across four consecutive CAS with a periodicity of 160 ms. It is also possible to schedule SIB1-MBMS in additional non-MBSFN subframes according to MIB-MBMS. SIBs other than SIB1 are carried in SI messages whose mapping is configurable by SIB1.
For blind decoding of the MIB, two DCI formats are relevant. A common search space is used for MBMS-dedicated cells. DCI format 1A is used on UEs configured with transmission mode 9 or 10 and its CRC is scrambled with an SI-RNTI (System Information RNTI). SI-RNTI value 0xFFFF may be used for an MBMS-dedicated carrier. SI-RNTI value 0xFFF9 is only used for MBMS-dedicated carrier.
DCI format 1C CRC is scrambled by an M-RNTI (Multicast RNTI) to receive MCCH, System Information change notification and direct indication information. The direct indication field is only provided in an MBMS-dedicated cell or in an FeMBMS/Unicast-mixed cell with a number of Resource Blocks larger than 15. Note that MCS index information is only provided by higher layers when using DCI format 1C.
SIB1-MBMS (SystemInformationBlockType1-MBMS) contains information relevant for receiving MBMS services and defines the scheduling of other system information blocks on an MBMS-dedicated cell.
SIB2 informs the UE on the subframes reserved for MBSFN. Additionally, SIB13 provides information about the subframes that carry MCCH of each MBSFN area, and the MCS. SIB13 is optional in an MBMS-dedicated cell.
UEs capable of MBMS service continuity can use SIB15 to discover the frequency of one or more MBMS SAIs associated with a given service.
The MCCH information change notifications on PDCCH are transmitted periodically on non-MBSFN subframes. These MCCH information change notification occasions are common for all MCCHs that are configured, and are configurable by parameters included in SystemInformationBlockType13: a repetition coefficient, a radio frame offset and a subframe index.
[bookmark: _Toc51194692][bookmark: _Toc54885893][bookmark: _Toc55222995]7	Receiver Requirements for LTE-based 5G Broadcast
[bookmark: _Toc51194693][bookmark: _Toc54885894][bookmark: _Toc55222996]7.1	Introduction
This clause provides requirements for the receiver of an LTE-based 5G Broadcast System as introduced in clause 5. This function is referred to as 5G Broadcast Receiver.
[bookmark: _Toc54885895][bookmark: _Toc55222997]7.2	General
A 5G Broadcast Receiver shall support Receive-Only Mode (ROM) device functionalities with further constraints defined in this clause.
As examples, ROM devices support MBMS transmission but do not support uplink transmission. ROM devices may not have USIM. As such, ROM devices do not support two-way signalling procedures with the network, including connection establishment procedures and security procedures. ROM devices only support the idle mode. Not all idle mode procedures need to be supported, as described in subclause 6.2.3. 
For more details on ROM devices see clause 7.3 in the present document, ETSI TS 136 300 [19] subclause 15.11, ETSI TS 123 246 [5] Annex D and ETSI TS 124 116 [7] clause 4. 
As a matter of implementation, a traditional UE, including a UE supporting FeMBMS/Unicast-mixed cells according to ETSI TS 136 300 [19], can be configured to operate as a ROM device. The means for such configuration are outside of the scope of this specification.
As a matter of implementation, a cellular device can host a ROM device and a traditional UE capable of unicast. Such device is further described in ETSI TS 123 246 [5] Annex E and called a ROM device with independent unicast. The co-hosted UE is connected to a different cell from the MBMS-dedicated cell serving the co-hosted ROM device. If the co-hosted UE and ROM device share baseband resources, the co-hosted UE can use the MBMSInterestIndication signalling procedure specified in ETSI TS 136 331 [22] to inform the serving RAN about the baseband resources occupied by the co-hosted ROM device and therefore not available for unicast.
There may be awareness at the application layer of a ROM device with independent unicast. How this awareness is created is outside of the scope of specifications.
Additional receiver requirements beyond the ROM device requirements are documented in this clause.
[bookmark: _Toc51194694][bookmark: _Toc54885896][bookmark: _Toc55222998]7.3	Access Stratum 
[bookmark: _Toc51194695][bookmark: _Toc54885897][bookmark: _Toc55222999]7.3.1	General
Since a ROM device does not support uplink transmission or two-way signalling procedures, and does not include a USIM, it cannot and does not need to support all the physical layer procedures of a conventional UE. By the same token, only a subset of idle mode procedures and RRM requirements applicable to a conventional UE are required to be supported. 
The remainder of clause 7.3 provides the requirements of the physical layer and idle mode procedures and the RRM requirements applicable to a ROM device, and hence for a 5G Broadcast Receiver. It also includes further constraints that apply to a 5G Broadcast Receiver.
[bookmark: _Toc24034117][bookmark: _Toc51194696][bookmark: _Toc54885898][bookmark: _Toc55223000]7.3.2	Physical layer procedures
A 5G Broadcast Receiver shall support the following physical layer procedures specified in TS 36 213 [18]:
Cell search;
Timing synchronization;
PDSCH procedures;
PDCCH assignment procedure; and
PMCH procedures.
[bookmark: _Toc24034118][bookmark: _Toc51194697][bookmark: _Toc54885899][bookmark: _Toc55223001]7.3.3	Idle mode procedures
A 5G Broadcast Receiver shall support the following idle mode procedures specified in TS 36 304 [20]:
Cell selection; and
Cell reselection.
PLMN prioritization for cell reselection as specified in TS 36 304 [20] subclause 5.2.4.1 shall be supported with the following exception:	
NAS layer PLMN selection does not apply to ROM devices. 
PLMN selection 5G Broadcast Receiver as specified in ETSI TS 124 116 [7] for ROM devices is required to be supported.
NOTE:	ROM devices do not support Discontinuous Reception (DRX).
[bookmark: _Toc51194698][bookmark: _Toc54885900][bookmark: _Toc55223002]7.3.4	MAC Layer
The MAC layer of a 5G Broadcast Receiver shall support:
BCH reception for BCCH;
DL-SCH reception for BCCH; and
MCH reception for MCCH/MTCH. 
BCH reception and DL-SCH reception in the MAC layer of a 5G Broadcast Receiver shall use transparent MAC according to ETSI TS 136 321 [21], i.e. single a MAC PDU per TTI with no headers. The HARQ entity uses the dedicated broadcast HARQ process, defined in ETSI TS 136 321 [21].
MCH reception in the MAC layer of a 5G Broadcast Receiver is specified in ETSI TS 136 321 [21] subclause 5.12 and in ETSI TS 136 300 [19] subclause 15.3.3.
[bookmark: _Toc51194699][bookmark: _Toc54885901][bookmark: _Toc55223003]7.3.5	RLC layer
For the RLC layer of the 5G Broadcast Receiver the following applies:
The BCCH shall support the RLC-TM mode.
RLC operation for MTCH and MCCH shall be used as described in ETSI TS 136 300 [19] subclause 15.3.3.
[bookmark: _Toc51194700][bookmark: _Toc54885902][bookmark: _Toc55223004]7.3.6	RRC layer
The RRC layer of the 5G Broadcast Receiver shall support:
System Information reception including SIB and MIB (see TS36 331 [22] subclause 5.2) in an MBMS-dedicated cell; and
MBMS reception (see ETSI TS 136 331 [22] subclause 5.8) in an MBMS-dedicated cell. 
For System Information reception, the following shall apply:
only the message classes BCCH-BCH-Message-MBMS and BCCH-DL-SCH-Message-MBMS shall be supported;
acquisition of System Information messages is performed according to ETSI TS 136 331 [22] subclause 5.2.3b.
For MBMS reception, the following applies:
MBMS Service Counting procedure and MBMS interest indication procedure may not be supported.
[bookmark: _Toc24034119][bookmark: _Toc51194701][bookmark: _Toc54885903][bookmark: _Toc55223005]7.3.7	RRM requirements
5G Broadcast Receivers shall support the following requirements specified in ETSI TS 136 133 [16]:
Cell selection; and
Cell reselection, except for:
IRAT reselection;
paging-related requirements; and
CSG cell-related requirements.
[bookmark: _Toc51194702][bookmark: _Toc54885904][bookmark: _Toc55223006]7.3.8	Demodulation requirements
5G Broadcast Receivers shall support the demodulation requirements in ETSI TS 136 101 [15], clause 10.4.
[bookmark: _Toc51194703][bookmark: _Toc54885905][bookmark: _Toc55223007]7.4	MBMS Client
An MBMS Client for a 5G Broadcast Receiver shall support UE behaviour in Receive-Only Mode as defined Annex E of ETSI TS 123 246 [5].
A 5G Broadcast Receiver shall support:
MBMS User Services with the constraints from clause 5.5.3.
The MBMS-APIs with the constraints from clause 5.5.5.
The discovery of 5G Broadcast Services according to clause 5.12.
[bookmark: _Toc51194704][bookmark: _Toc54885906][bookmark: _Toc55223008]8	Spectrum and Frequency Bands (informative)
The supported bandwidth for LTE-based 5G Broadcast in units of MHz are 1.4, 3, 5, 10, 15 and 20.
No additional spectrum or frequency band configurations are considered in this version of the present document.
[bookmark: _Toc51194705][bookmark: _Toc54885907][bookmark: _Toc55223009]9	Hybrid Unicast–Broadcast Services (informative)
[bookmark: _Toc54885908][bookmark: _Toc55223010]9.1 	General
5G Broadcast Services impose no requirements on the support of a unicast connection. However, a UE may choose to support unicast in addition to 5G Broadcast Services. As one example of such an architecture, a UE may include an independent unicast modem and stack as illustrated in ETSI TS 123 246 [5], Figure E-1. The figure is adjusted in Figure 9.1-1 below indicating that unicast may, for example, be served by 4G or 5G unicast technologies.

 
Figure 9.1-1: UE components in 5G Broadcast Reception Mode only and in 5G Broadcast Reception Mode with independent unicast
[bookmark: _Toc54885909][bookmark: _Toc55223011]9.2 	Hybrid 5G Broadcast Operation
However, a richer application service may be provided to a UE that also supports unicast. This is shown in Figure 9.2-1.


Figure 9.2-1: Application service using both 5G Broadcast and unicast
In one embodiment of the above system, the Content Provider provides information through xMB that File or Segment Streaming content is also available for unicast retrieval. For details, see ETSI TS 126 348 [11]. In this case the 5G Broadcast Transmitter provides the corresponding information in the User Service Description such that 5G Broadcast Receivers capable of using unicast can retrieve unicast components. This can, for example, be done for file repair procedures or service continuity in DASH or HLS.
In other embodiments, the 5G Broadcast TV/Radio Application itself makes use of unicast to provide an improved service. Examples for this may be in the context of HbbTV or DVB-I Service information. This may, for example, include an Electronic Program Guide (EPG) or an Electronic Service Guide (ESG). 
[bookmark: _Toc51194706][bookmark: _Toc54885910][bookmark: _Toc55223012]10	5G Broadcast Receiver Categories
[bookmark: _Toc51194707][bookmark: _Toc54885911][bookmark: _Toc55223013]10.1	Introduction
The present document defines receiver categories in order to support various deployment scenarios.
MBMS features as defined in ETSI TS 126 346 [9] enable the BM-SC to signal to the UE the set of capabilities that are required for the consumption of the MBMS user service. 
The MBMS features with the respective MBMS Feature Values feature capabilities are documented in Table 10.1-1 and defined in the remainder of this clause 10.
Table 10.1-1 MBMS Feature Values for 5G Broadcast Receiver Categories
	MBMS Feature Value
	Service Capability
	References

	27
	Service that can be received by 5G Broadcast LTE-based Base receiver
	Clause 10.2

	28
	Service that can be received by 5G Broadcast LTE-based Main receiver
	Clause 10.3


Editor’s Note: An LS is sent to 3GPP on this matter and the above numbers should be confirmed by the publication of the specification.
[bookmark: _Toc51194708][bookmark: _Toc54885912][bookmark: _Toc55223014]10.2	5G Broadcast LTE-based Base Receiver 
Devices implementing the 5G Broadcast LTE-based Base Receiver shall support:
All requirements in clause 7 for an LTE-based 5G Broadcast Receiver.
The reception of signals with sub-carrier spacing of 1.25 kHz. Other sub-carrier spacings from Table 6.4.4-1 may also be supported.
The requirements for the support 5G Broadcast LTE-based Base Receiver functionalities may be signalled with service capability code according to Table 10.1-1.
[bookmark: _Toc54885913][bookmark: _Toc55223015]10.3	5G Broadcast LTE-based Main Receiver 
Devices implementing the 5G Broadcast LTE-based Main Receiver category shall support:
· All requirements in clause 7 for an LTE-based 5G Broadcast Receiver.
· The reception of signals with all the sub-carrier spacings defined in Table 6.4.4-1.
The requirements for the support 5G Broadcast LTE-based Main Receiver functionalities may be signalled with service capability code according to Table 10.1-1.
[bookmark: _Toc51194709][bookmark: _Toc54885914][bookmark: _Toc55223016]11	Implementation Guidelines for 5G Broadcast Transmitters (informative)
[bookmark: _Toc51194710][bookmark: _Toc54885915][bookmark: _Toc55223017]11.1	Introduction
This clause provides selected implementation guidelines for 5G Broadcast Transmitters.
[bookmark: _Toc51194711][bookmark: _Toc54885916][bookmark: _Toc55223018]11.2	BM-SC, MME and MBMS GW
As BM-SC, MME and MBMS GW functionalities are significantly down-scoped by the present document, the functionalities may be provided in a single physical entity.
[bookmark: _Toc51194712][bookmark: _Toc54885917][bookmark: _Toc55223019]11.3	E-UTRAN
This aspect is for further study.
[bookmark: _Toc51194713][bookmark: _Toc54885918][bookmark: _Toc55223020]12	Implementation Guidelines for 5G Broadcast Receivers (informative)
[bookmark: _Toc51194714][bookmark: _Toc54885919][bookmark: _Toc55223021]12.1	Introduction
This clause provides selected implementation guidelines for 5G Broadcast Receivers.
[bookmark: _Toc51194715][bookmark: _Toc54885920][bookmark: _Toc55223022]12.2	UE Access Stratum
[bookmark: _Toc51194716][bookmark: _Toc54885921][bookmark: _Toc55223023]12.2.1	Idle mode measurements
Requirements for measurements in idle mode in ETSI TS 136 133 [16] are expressed in terms of DRX cycle length. A ROM device does not support the DRX cycle and E-UTRAN in the 5G Broadcast System does not support it.
Therefore, it is not to be expected that the E-UTRAN will broadcast the DRX cycle length in the System Information. As a result, the requirements for measurements in idle mode in ETSI TS 136 133 [16] are not implementable. 
If the E-UTRAN does not broadcast the DRX cycle length in the System Information, the UE uses an implementation-specific DRX cycle value.
NOTE:	It is for further study if the set of one or more values from which the UE selects the implementation-specific DRX cycle length needs to be specified.
[bookmark: _Toc51194717][bookmark: _Toc54885922][bookmark: _Toc55223024]12.2.2	Idle mode states 
Neither the 5G Broadcast System nor ROM devices support paging. Therefore, idle mode states described in the cell selection and re-selection procedure in ETSI TS 136 304 [20] are not applicable in the form in which they are specified. In particular, the Camped Normally state and the Camped on Any Cell state mandate that the UE monitors paging channels.
A ROM device in Camped Normally state or Camped on Any Cell state in a 5G Broadcast System need not monitor paging channels.
[bookmark: _Toc51194718][bookmark: _Toc54885923][bookmark: _Toc55223025]12.2.3	Cell categories and service types
Cell categories specified in [20] are not applicable to ROM devices as described. Specifically, a suitable cell has the following requirement “The cell is a part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [6], which belongs to a PLMN that fulfils the first bullet above”. A ROM device does not support the NAS procedures or the tracking areas (TA).
A suitable cell in a 5G Broadcast System need not fulfil the above requirement.
[bookmark: _Toc51194719][bookmark: _Toc54885924][bookmark: _Toc55223026]12.2.4	Out-of-coverage and out-of-service indication
3GPP specifications provide standardized mechanisms for the UE for:
-	monitoring and maintaining the radio link quality [16]; and
-	selecting a PLMN, including indications to the upper layers when no PLMN is available [4].
ROM devices cannot implement these mechanisms.
The Access Stratum should inform the MBMS Client when the service is unavailable due to the lack of coverage or the lack of service, i.e. lack of PLMNs offering 5G Broadcast Services. Signal strength/quality thresholds for out-of-coverage indications are implementation-specific.
[bookmark: _Toc51194720][bookmark: _Toc54885925][bookmark: _Toc55223027]12.2.5	Sleep mechanism
Conventional UEs employ sleep mechanisms in idle mode by selectively shutting off receiver and/or transmitter components in order to extend battery life. The sleep mechanism of the traditional UE is not applicable to ROM device because:
The DRX cycle-based sleep mechanism [20] in the Access Stratum does not apply since DRX is not supported;
The sleep mechanism negotiated in the NAS protocol (PSM, eDRX, UE-specific DRX) [6] does not apply because the NAS protocol is not supported by ROM devices.
In the absence of any sleep-related signalling from the network, the sleep mechanism for ROM device can be managed by the device using the scheduled nature of the awake times. Both the control data and the user data are transmitted on the dedicated carrier according to a schedule. This characteristic of the system can be exploited by the ROM device to manage its own sleep cycle.
A ROM device must be awake during the transmission of:
Relevant System Information;
Relevant MCCH transmissions and change notifications; and
User data on MTCH/PMCH.
During all other times, a ROM device may activate its sleep mode.
[bookmark: _Toc51194721][bookmark: _Toc54885926][bookmark: _Toc55223028]12.3	MBMS Client
Implementation guidelines for MBMS clients are provided in ETSI TS 126 347 [10], clause 6.4.
The MBMS Client handles out-of-service and the out-of-coverage indication from the Access Stratum. The action of the MBMS Client upon receiving the indication is implementation-specific (e.g. inform the application etc., suspend/deactivate MBMS session etc.)
[bookmark: _Toc51194722][bookmark: _Toc54885927][bookmark: _Toc55223029]12.4	MBMS-Aware Application
This aspect is for further study.
[bookmark: _Toc418757542][bookmark: _Toc486258512][bookmark: _Toc486258550][bookmark: _Toc486323663][bookmark: _Toc487532234][bookmark: _Toc526860821][bookmark: _Toc526860994][bookmark: _Toc526861094][bookmark: _Toc526863366][bookmark: _Toc526863478][bookmark: _Toc526864398][bookmark: _Toc527031317][bookmark: _Toc527119303][bookmark: _Toc527119351][bookmark: _Toc527119431][bookmark: _Toc527123119][bookmark: _Toc527123178][bookmark: _Toc527123222][bookmark: _Toc527123278][bookmark: _Toc527369749][bookmark: _Toc527447042][bookmark: _Toc173717][bookmark: _Toc51194723][bookmark: _Toc54885928][bookmark: _Toc55223030][bookmark: _Hlk527383871]Annex A (informative):
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