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1. [bookmark: _Toc137105514]SCOPE
[bookmark: _Toc134630267][bookmark: _Toc134630323][bookmark: _Toc137105515]Introduction and Background
The ATSC TG3-11 Ad Hoc group on ATSC 3.0 – 5G Harmonization has performed a study documented in this report, on how mobile network operators and 3GPP can utilize ATSC 3.0 for transmission of services such as programming and data, as part of the 3GPP 5GS.
[bookmark: _Toc137105516]Organization
This document is organized as follows:
Section 1 – Outlines the scope of this document and provides a general introduction.
Section 2 – Lists references and applicable documents.
Section 3 – Provides a definition of terms, acronyms, and abbreviations for this document.
Section 4 – Use Cases
Section 5 – Solutions
[bookmark: _Toc134630270][bookmark: _Toc134630326][bookmark: _Toc137105517]References
All referenced documents are subject to revision. Users of this Standard are cautioned that newer editions might or might not be compatible.
[bookmark: _Toc137105518]Normative References
There are no Normative References used in this report.
[bookmark: _Toc134630273][bookmark: _Toc134630329][bookmark: _Toc134630274][bookmark: _Toc134630330][bookmark: _Toc134630275][bookmark: _Toc134630331][bookmark: _Toc134630276][bookmark: _Toc134630332][bookmark: _Toc137105519]Informative References
The following documents contain information that may be helpful in applying this report.
[bookmark: _Ref456347630][bookmark: _Ref106806989]IEEE: “Use of the International Systems of Units (SI): The Modern Metric System,” Doc. SI 10, Institute of Electrical and Electronics Engineers, New York, NY.
3GPP: “TS 23.247 Architectural enhancements for 5G multicast-broadcast services; Stage 2.”
3GPP: “TS 22.146 Multimedia Broadcast/Multicast Service (MBMS); Stage 1.”
3GPP “TS 22.246 Multimedia Broadcast/Multicast Service (MBMS) user services; Stage 1.”
[bookmark: _Ref108032708]3GPP: “TS 22.261 Service requirements for the 5G system; Stage 1.”
[bookmark: _Ref104539208]3GPP: “TS 26.502 5G multicast–broadcast services; User Service architecture.”
3GPP: “TS 23.246 Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description.”
ATSC: “ATSC Standard: Signaling, Delivery, Synchronization, and Error Protection”, Doc. A/331:2023-03, Advanced Television Systems Committee, Washington, DC, 23 March 2023.
ATSC: “ATSC Standard: Service Announcement”, Doc. A/332:2023-03, Advanced Television Systems Committee, Washington, DC, 23 March 2023.
ETSI TS 103 720: “5G Broadcast System for linear TV and radio services; LTE-based 5G terrestrial broadcast system.”
3GPP TR 36.976: “Overall description of LTE-based 5G Broadcast.”
3GPP TS 26.348: “Northbound Application Programming Interface (API) for Multimedia Broadcast/Multicast Service (MBMS) at the xMB reference point.”
ATSC: “ATSC Standard: Physical Layer Protocol”, Doc. A/322:2023-03, Advanced Television Systems Committee, Washington, DC, 23 March 2023.
[bookmark: _Ref106982167]3GPP TR 21.905: “Vocabulary for 3GPP Specifications.”
3GPP TR 38.801 “Study on new radio access technology: Radio access architecture and interfaces.”
ATSC: “Scheduler / Studio to Transmitter Link”, Doc. A/324:2023-03, Advanced Television Systems Committee, Washington, DC, 28 March 2023.
[bookmark: _Toc115157149][bookmark: _Toc124745971][bookmark: _Toc130263548][bookmark: _Toc137105520]Definition of Terms
[bookmark: _Toc134630279][bookmark: _Toc134630335][bookmark: _Toc134630280][bookmark: _Toc134630336][bookmark: _Toc134630281][bookmark: _Toc134630337][bookmark: _Toc134630282][bookmark: _Toc134630338][bookmark: _Toc134630283][bookmark: _Toc134630339][bookmark: _Toc134630284][bookmark: _Toc134630340][bookmark: _Toc115157152][bookmark: _Toc124745974][bookmark: _Toc130263551][bookmark: _Ref134338647][bookmark: _Toc137105521]Acronyms and Abbreviation
The following acronyms and abbreviations are used within this document.
[bookmark: _Toc86226072]3GPP	Third Generation Partnership Project
4G		Fourth-Generation mobile technology
5G 	Fifth-Generation mobile technology
5GC	5G Core (Network)
A3IWF	ATSC 3.0 Interworking Function
AF 	Application function
AMF	Access and Mobility Management Function
AP 	Access Protocol
API	Application Programming Interface
AS 	Application Server
ATSC	Advanced Television Systems Committee
BNO	Broadcast Network Operator
eMBMS	enhanced MBMS
CAS	Cell Acquisition Subframe
EPC	Evolved Packet Core
GW	Gateway
IEEE	Institute of Electrical and Electronics Engineers
IETF	Internet Engineering Task Force
IP  	Internet Protocol
LTE	Long Term Evolution
MBS	Multicast/Broadcast Services
MB-SMF	Multicast/Broadcast SMF
MB-UPF	Multicast/Broadcast UPF
MBMS	Multimedia Broadcast/Multicast Service
MBSF	Multicast/Broadcast Service Function
MBSTF	Multicast/Broadcast Transfer Service Function
MC	Multicast
MIMO	Multiple Input, Multiple Output
MME	Mobility Management Entity
MNO	Mobile Network Operator
NEF	Network Exposure Function
NG-AP	Next Generation AP
NG-RAN	Next Generation RAN
NR		New Radio
NSA	Non Stand-Alone
OFDM	Orthogonal Frequency Division Multiplexing
PDN	Packet Data Network
PDU	Protocol Data Unit
PCF	Policy Control Function
PHY	Physical Layer Protocol
PLMN	Public land Mobile Network
PLP	Physical Layer Pipe
PMCH	Physical Multicast CHannel
PTM	Point-To-Multipoint
PTP	Point-To-Point
RAN	Radio Access Network
SIM	Subscriber Identity Module
SMF	Session Management Function
TS  	Technical Specification
UE 	User Equipment
UPF	User Plane Function
WiFi	Wireless Fidelity (802.11x)
[bookmark: _Toc124745975][bookmark: _Ref134338659][bookmark: _Toc137965270][bookmark: _Toc137105522]Terms
The following terms are used within this document.
3GPP 5G NSA – In 3GPP’s 5G “Non-Stand Alone” (NSA) architecture, the 5G RAN and its NR interface are used in conjunction with the existing LTE 4G Radio interface. 3GPP 5G NSA may be deployed with the legacy EPC (e.g., Option 3x) or the 5GC (e.g., Option 7x).
Broadcast Network Operator – A business entity that operates a terrestrial broadcast TV system/network – for example, an ATSC 3.0 TV station, and/or a 3GPP Core Network + 3GPP RAN.
[bookmark: _Toc106803967][bookmark: _Toc106804104][bookmark: _Toc106804190][bookmark: _Toc106807122][bookmark: _Toc106807651][bookmark: _Toc106807743]User Equipment – This report re-defines the term User Equipment (UE) from 3GPP specifications, where the UE, per 3GPP TR 21.905 [14], is defined as: “Allows a user access to network services. For the purpose of 3GPP specifications the interface between the UE and the network is the radio interface.”
This report assumes that the UE definition in 3GPP can be enhanced to also allow devices receiving a broadcast signal over e.g., ATSC 3.0 and that a return path is possible from the UE over a suitable IP connection such as broadband/WiFi or 3GPP access.
[bookmark: _Toc137105523]Use cases
[bookmark: _Toc137105524]Introduction
This section describes some use cases where 5G – ATSC 3.0 harmonization can be beneficial to MNOs and BNOs.
[bookmark: _Toc137105525]MNO Originated Broadcasts Over ATSC3.0
In this scenario, as shown in Figure 4.1, MNO-originated multicast/broadcast services (e.g., linear video, non-real-time data), usually delivered over the 5GS via 5GC and NG-RAN, can also be sent to a BNO for broadcast delivery over ATSC 3.0. ATSC 3.0 geographic coverage may differ from or overlap with that of 5GS.
Note: The scenario does not exclude that ATSC 3.0 is used for pure offloading, i.e., where the broadcast is solely done over ATSC 3.0 to e.g., reduce load on the 5GS system. It is however assumed, that in order to achieve offloading, additional intelligence/functionality is needed in the MBS AF/AS, as to determine what/when/where offloading is to be applied.
The MNO and the ATSC 3.0 BNO have a business agreement and the capability to share content.


[bookmark: _Toc130561414][bookmark: _Toc137105538]Figure 4.1 MNO Originated broadcast with NG RAN and ATSC 3.0.
In the figure above, the broadcast service originates in the MBS AF/AS and through the 5GC is distributed to end users via NG-RAN as described in 3GPP TS 23.247 [2] and through the BNO's ATSC3.0 network.
[bookmark: _Toc130561386][bookmark: _Toc137105526]Delivery of ATSC 3.0 Services via LTE based 5G Broadcast and ATSC 3.0 Physical Layer
A Broadcast TV service provider, i.e., an ATSC broadcaster, may wish to reach devices with different radio capabilities. For instance, a TV set or a set-top box is assumed to be equipped with an ATSC 3.0 receiver, and a smartphone or car is assumed to be equipped with a 3GPP modem supporting LTE-based 5G Broadcast. In some cases, the same content (potentially transmitted using different modulation schemes / data rates) may be served to both types of receivers.
As shown in Figure 4.2, the Broadcast TV service provider may wish to utilize the same application and service layer functionalities in both fixed and mobile TV receivers, and relies on the BNO, which operates the terrestrial broadcast TV network as well as the 3GPP core and radio access networks, to split the use of radio resources in delivering broadcast TV content to both types of receivers. Note that in this use case, the overall 3GPP network (Core + RAN) operated by the BNO does not include the functionality to deliver unicast (i.e., such 3GPP network is a dedicated broadcast network).


[bookmark: _Toc130561422][bookmark: _Toc137105539]Figure 4.2 BNO switches the radio resources between ATSC 3.0 and LTE based 5G Broadcast physical layers.
In another example, as shown in Figure 4.3, the BNO additionally offers a “data offload” service to an MNO, which may be the source of the service content, or is delivering content on behalf of an external content provider.


[bookmark: _Toc130561423][bookmark: _Toc137105540]Figure 4.3 Extension of BNO architecture in Figure 4.2 in supporting data offload service for an MNO acting as service provider.
[bookmark: _Toc130561380][bookmark: _Toc137105527]Multimedia Broadcast/Multicast Service with ATSC 3.0
ATSC 3.0 – LTE-based 5G Broadcast harmonization use cases can take advantage of the UHF band operation and PHY layer alignments to 5G radios (referred to in 3GPP specifications as ‘5G NR’ or simply ‘NR’). 5G NR operation is divided into 3 bands, low-band below 1 GHz, mid-band between 1–6 GHz and high-band above 6 GHz. 5G low-band (600 MHz) enables larger coverage areas and deep indoor penetrations with 30–250 Mbps payload rates, which is 6x to 7x faster than 4G LTE depending on network loads. 5G NR mid-band (2.5/3.5 GHz) offers 100–900 Mbps payload rates and the high-band (24–39 GHz) offers 1–3 Gbps payload rates with MIMO options and very little network traffic. 5G NR transmission makes use of available radio towers and automatically selects the optimal RF channels for distributing data.
[bookmark: _Hlk135039307]3GPP 5G NSA “architecture option 3x”, as described in 3GPP TR 38.801 [15] has 4G LTE nodes (base stations) in low-band spectrum serve as an anchor to support the 5G secondary nodes (cells) which use mid-band or high-band spectrum for higher data capacity in the User Plane served by the 4G Evolved Packet Core (EPC). These nodes have independent schedulers which allocate OFDM resources for the UE downlink payload separately. It should be noted that uplinks use low-band spectrum to extend coverage areas. 3GPP 5G NSA option 7x (3GPP TR 38.801 [15]) reverses the anchor to be the 5G architecture, which enables 5GC capabilities such as network slicing (i.e., dynamically chaining network functions to build end to end services) ATSC 3.0 broadcasts could then be the secondary-node with option 7x in the User Plane, with a Core Network connection to the BNO.
Organizing ATSC 3.0 spectrum with resource blocks like 5GC, dual ATSC 3.0/5G enabled receivers can support functions such as e.g., selections / switching / splitting. This allows UE receivers to support long dropouts of Service from one radio by continuing Service with another radio that does have access.
This also enables return channel connections via a 5G/ATSC 3.0 combination UE. Converged Services of high download rates with ATSC 3.0 and interactivity return channels via 5GC in low-band UHF frequencies is a compelling robust datacasting use case.
[bookmark: _Toc137105528]Solutions
[bookmark: _Toc137105529]5G MBS
[bookmark: _Toc137105530]Introduction
The 5G system using NR to support multicast and broadcast communication services (MBS) is introduced in 3GPP Rel-17 (completed in June 2022).
The MBS requirements are described in TS 22.146 [3], TS 22.246 [4] and TS 22.261 [5], the architecture in 3GPP TS 23.247 [2] and the MBS User Service architecture in 3GPP TS 26.502 [6].
MBS traffic is delivered from a single data source (e.g., Application Service Provider) to multiple UEs. 
Between 5GC and NG-RAN, there are two possible delivery methods to transmit the MBS data:
5GC Individual MBS traffic delivery method, which is only applicable to multicast MBS sessions (for each UE one PDU session is required).
5GC Shared MBS traffic delivery method, which is applicable for both broadcast and multicast MBS sessions (a single copy is delivered to the NG-RAN nodes, which then delivers the packets to one or multiple UEs).
Between the NG-RAN and the UE, two delivery methods are available for the transmission of MBS data packets over radio interface:
Point-to-Point (PTP) delivery method: NG-RAN delivers a copy of MBS data packets over the radio interface to each UE.
Point-to-Multipoint (PTM) delivery method: NG-RAN delivers a single copy of MBS data packets over the radio interface to multiple UEs.
Note: 3GPP TS 23.247 [2] refers to the delivery methods not as unicast/multicast/broadcast but as PTP/PTM as described above.
[bookmark: _Toc134630299][bookmark: _Toc134630355][bookmark: _Toc134630300][bookmark: _Toc134630356][bookmark: _Toc137105531]Solution Proposal
The 3GPP 5G MBS architecture as noted above, allows for both Multicast and Broadcast mode. This solution describes how the MBS Broadcast mode can be supported with ATSC 3.0.


[bookmark: _Toc137105541]Figure 5.1 5G System architecture for Multicast and Broadcast Service with ATSC 3.0.
A new ATSC 3.0 Interworking Function (A3IWF) is proposed to handle the interworking between the 3GPP 5G Core Network and the ATSC 3.0 Network. The ATSC 3.0 (transmitter) together with the A3IWF connects to the 5GC in the same manner as an NG-RAN node is connected to the 5GC – i.e., to the AMF over the N2 interface (control plane) and to the MB-UPF over the N3mb interface (user plane).
Three operations are associated with the N2 interface for broadcast sessions – Session Create, Session Update and Session Release. Session Create involves parameters identifying the session and the area that applies to the broadcast. In the current 3GPP specifications, the area is a list of Tracking Areas or CellIds. It is assumed that in a harmonization effort with 3GPP, applicable protocols will be enhanced to support suitable ATSC 3.0 location information (format to be determined) as well as support of or mapping to ATSC 3.0 specific parameters.


[bookmark: _Ref457926276][bookmark: _Toc130561408][bookmark: _Toc137105542]Figure 5.2 MBS Session Establishment for Broadcast.
For the Session Setup, the ATSC 3.0 IWF will create and allocate suitable resources in the Broadcast GW, such as allocating PLPs or assignment of IP addresses and port numbers to Services.
Note 1: The role of the ATSC System Manager (see A/324 [15]) with respect to the A3IWF may need to be studied further.
Note 2: If and how the TMGI and other MBS-specific parameters are broadcast over ATSC 3.0 is for further study. Similarly, necessary interface and protocol enhancements to current 3GPP specifications will require further study.
For the Session Update and Session Release operations, similar mapping as is done for the Session Create would also be required to be supported.
[bookmark: _Toc110604444][bookmark: _Ref134619169][bookmark: _Toc137105532]MBMS/LTE-based 5G Broadcast
[bookmark: _Toc137105533]Introduction
LTE-based 5G broadcast has been specified in 3GPP in Releases 14, 16, and 17. It builds upon the eMBMS architecture from Rel-9, and adds the following functionality:
Support for single frequency networks with large inter-site distance (>100 km) by introduction of new numerologies for PMCH with extended cyclic prefix and large equalization interval.
Support of “MBMS-dedicated cells”, i.e., downlink-only cells dedicated to broadcast.
Support for “receive-only mode” devices, i.e., devices that can receive the service without authenticating with the network, or being provisioned with a SIM card.
Support of “transparent delivery”, i.e., usage of media codecs and application protocols defined outside 3GPP.
Support of 6, 7, and 8 MHz channel bandwidth (in addition to previous values of 1.4, 3, 5, 10, 15, and 20MHz)
[bookmark: _Toc137105534]Solution Proposal
The 3GPP MBMS system, as described in 3GPP TS 23.246 [7], allows for non-3GPP services such as ATSC 3.0 TV Service content and service layer data (e.g., ATSC 3.0 Service Signaling as specified in A/331 [8] and/or ATSC 3.0 Service Announcement as specified in A/332 [9]), to be delivered over the 3GPP MBMS network in one of two ways: Transport only mode or Full service mode. In the former mode, both the non-3GPP service content and service layer data can be transparently delivered over 3GPP transport to UEs. In the latter mode, non-3GPP service content is terminated at the 3GPP network where it is transformed into a 3GPP-compliant content format, and along with 3GPP-defined service layer, are delivered over 3GPP transport to UEs. A full description of the LTE-based 5G Broadcast system can be found in ETSI TS 103 720 [10] and 3GPP TR 36.976 [11].
By employing a delivery method functionally equivalent to the transport only mode as described above (i.e., the so-called Transport-Mode as defined in 3GPP TS 26.348 [12]), a given Broadcaster/TV station acting as the content provider can also use the same service application (i.e., Broadcaster Application) for the reception of traffic delivered over either LTE based 5G Broadcast or ATSC 3.0 physical layer, or both, as shown in Figure 5.3 below.


[bookmark: _Toc130561410][bookmark: _Toc137105543]Figure 5.3 Common ATSC 3.0 service delivered over ATSC 3.0 transport and LTE based 5G Broadcast.
The main advantage of this solution is that it enables a content provider to deliver the same service (or different services) to devices with different types of receivers (ATSC 3.0, LTE based 5G Broadcast) while reusing the same application / service layer functionality.
The two transmission systems (ATSC 3.0 and LTE based 5G Broadcast) could also share the same radio channel by Time Division Multiplexed transmission of the two waveforms, while a given receiver (ATSC 3.0 or LTE based 5G Broadcast) will only receive its corresponding waveform. We consider the following two sharing schemes.
[bookmark: _Toc130561376][bookmark: _Toc137105535]Slow Sharing
In this case, one of the two systems will use the radio channel for extended periods of time (e.g., multiple seconds). As described in 3GPP TR 36.976 [11], the LTE based 5G Broadcast system relies on a periodic sync signal (CAS or Cell Acquisition Subframe) that occupies 1 msec every 40 msec. In the absence of this signal for extended periods of time, the UE will assume that the cell is lost. Therefore, the application layer may need to be aware of such potential occurrence and periodically reactivate the reception. One issue with this sharing scheme is the delay incurred by both systems, which makes it not attractive for delay-sensitive content.
[bookmark: _Toc130561377][bookmark: _Toc137105536]Fast Sharing
Although both ATSC 3.0 and LTE based 5G Broadcast have incorporated from their basic designs some degree of frame structure flexibility in order to enable sharing of radio resources, there are two features of these systems that that are not compatible:
ATSC 3.0 frame has a minimum length of 50 msec.
LTE based 5G Broadcast CAS has a periodicity of 40 msec.
Therefore, it is not possible to transmit a full ATSC 3.0 frame without conflict with the requirement to also transmit an LTE based 5G Broadcast CAS. In the following, we present two different schemes to enable sharing of radio resources despite these limitations.
In a first scheme (Scheme 1) as shown in Figure 5.4, the ATSC frame duration is greater than 50 ms and comprises a valid subframe SF#1 followed by a “reserved” SF#2. (The latter uses, for example, an FFT size that is reserved in the current version of the A/322 specification [13].) The ATSC 3.0 transmitter will blank the latter subframe, which can be used for transmission of LTE based 5G Broadcast. The ATSC 3.0 receiver should ignore the content in SF #2, since it corresponds to an FFT size that is undefined.
In the example below, the ATSC frame duration is 79 msec, and bootstrap + preamble (or BP) + SF#1 occupy the first 39 msec, and the “reserved” subframe occupies the remaining 40 msec. 
[image: ]
[bookmark: _Toc130561411][bookmark: _Toc137105544]Figure 5.4 Sharing Scheme 1 (SF #2 is not transmitted).
In a second scheme (Scheme 2) as shown in Figure 5.5, every other CAS is dropped in the LTE based 5G Broadcast transmitter, which allows the sending of a full ATSC frame without resorting to reserved subframes. This scheme, however, is not fully compliant with LTE based 5G Broadcast specifications, since the CAS is sometimes dropped. If the percentage and frequency of the CAS dropping is low enough, the performance of the LTE based 5G Broadcast receiver may be only slightly affected.
[image: ]
[bookmark: _Toc130561412][bookmark: _Toc137105545]Figure 5.5 Sharing Scheme #2 (every other CAS is not transmitted).
[bookmark: _Toc130561378][bookmark: _Toc137105537]Recommendation
The use of “fast sharing” between ATSC 3.0 and LTE based 5G Broadcast is recommended.
Modifications to ATSC 3.0 and/or 3GPP physical layer standards can be further explored to ease the coexistence between both technologies. For instance, modification of A/322 by the definition of “short frames” (shorter than 40 msec, in order to enable transmission of an ATSC frame in between two CAS) in ATSC 3.0 would enable the scheme in Figure 5.4 without the need to resort to reserved subframes. Such standardization of “short frames” may need to consider aspects related to backward compatibility with existing ATSC 3.0 receivers. Alternatively, modification of the 3GPP physical layer spec via “CAS dropping”, as shown in Sharing Scheme #2, could be standardized in 3GPP.
– End of Document –
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