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[bookmark: foreword][bookmark: _Toc96958156]
Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
[bookmark: introduction]The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc96958157]
1	Scope
Editor's note:	This clause will describe the scope for this study item.	
This Technical Report studies and evaluates further enhancements to the 5G Multicast/Broadcast Architecture in order to provide the following features.
-	Enabling UE's receiving Multicast MBS Session data in RRC Inactive state.
-	Study feasible and efficient resource utilization for the same broadcast content to be provided to 5G MOCN network sharing scenarios (i.e., multiple CNs are connected to the same NG-RAN).
-	Study whether and how to support on demand multicast MBS session triggered by AF, and efficient resource utilization via 5GC choosing multicast and/or unicast delivery for a certain service.
-	Study whether and how to support group message delivery for capability-limited devices, including NEF enhancement, coexistence of existing power saving mechanisms and MBS.
-	Study whether there are any identified performance issues for high number of public safety UEs, and if yes study necessary enhancements to 5MBS for that scenario.
[bookmark: references][bookmark: _Toc96958158]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system; Stage 2".
[4]	3GPP TS 23.247: "Architectural enhancements for 5G multicast-broadcast services; Stage 2".
[5]	3GPP TR 26.850: "MBMS for Internet of Things (IoT)".
[6]	3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".
[bookmark: definitions][bookmark: _Toc96958159]3	Definitions of terms and abbreviations
[bookmark: _Toc96958160]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1] and TS 23.247 [4].
example: text used to clarify abstract rules by applying them literally.

[bookmark: _Toc96958161]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1] and TS 23.247 [4].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc22214902][bookmark: _Toc23254035][bookmark: _Hlk91782751][bookmark: _Toc96958162]
4	Architectural Assumptions and Principles
Editor's note:	This clause will document any architectural assumptions and principles for the study
-	Solutions shall build on the 5G System architectural principles as in TS 23.501 [2], including flexibility and modularity for newly introduced functionalities.
-	The system shall provide an efficient transport for a variety of multicast and broadcast services.
-	Only NR of NG-RAN connected to 5GC is considered as RAT.
-	Architecture reference models defined in TS 23.247 [4] clause 5.1 are used as the baseline architecture for this study. Enhanced Architecture and Solutions in this study shall enable UEs with Rel-17 MBS capability to receive MBS data from Rel-18 architecture/solutions.
Editor's note:	The impact on RAN is to be analysed by and coordinated with the relevant RAN WGs.
Editor's note:	This study may also include the potential enhancements identified by other WGs or other SIDs (e.g., FS_ 5GSAT_ARCH_Ph2) in their MBS work that need SA2 cooperation.

[bookmark: _Toc22214903][bookmark: _Toc23254036][bookmark: _Toc96958163][bookmark: _Hlk91782779]5	Key Issues
[bookmark: _Toc96958164][bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037]5.1	Key Issue #1: Multicast MBS data reception in RRC Inactive state 
[bookmark: _Toc96958165][bookmark: _Hlk21032560]5.1.1	Description 
In order to provide MBS service to more UEs in a cell, NG RAN could enable UEs within an MBS multicast session to receive MBS session data while in CM-CONNECTED with RRC Inactive state.
The following aspect will be studied for multicast:
-	Whether, how and what MBS assistance information to provide from 5GC to RAN for an MBS session allowing UEs in CM-CONNECTED with RRC Inactive state to receive MBS content, including the aspect which 5GC NF(s) determine the MBS assistance information and how they do so;
-	Whether and how to enhance the current procedures (including mobility related procedures) for MBS session with member UEs in RRC Inactive state. 
NOTE 1:	During the study of this key issue, coordination with RAN WGs is needed before final conclusion.
NOTE 2:	RAN WG will determine how the switching for the UEs belonging to MBS session from CM-CONNECTED state to CM-CONNECTED with RRC Inactive state (and vice versa) is performed by the RAN node.

[bookmark: _Toc96958166]5.2	Key Issue #2: 5MBS MOCN Network Sharing
[bookmark: _Toc96958167]5.2.1	Description
Per TS 23.501 (clause 5.18), in a 5G Multi-Operator Core Network (5G MOCN), multiple CNs are connected to the same NG-RAN. 
When the same broadcast content is to be delivered to multiple CNs, the AF will set up multiple broadcast MBS sessions towards those CNs, each CN delivering the same content towards the same shared NG-RAN node. Therefore, for a broadcast MBS Session, the consumed radio resource will be (N-1) times more than needed, where N is the number of CNs involved.
To investigate the feasibility of avoiding allocating more radio resource than needed, the following aspects need to be considered:
-	Whether and how to assist NG-RAN node to determine the same content is delivered by broadcast MBS Sessions from different 5G CNs?
-	Whether and how to assist NG-RAN node to determine which PLMN is used to broadcast the MBS session data?
-  Which entity (e.g., AF or other NFs) could provide the assistance parameters to the shared NG-RAN if needed?
-	Whether and how to enable the UE to receive the broadcast content from the broadcast PLMN when the UE camps on cells of other PLMNs?
NOTE 1: The feasibility of radio resource utilization optimization will be determined by RAN WGs.
NOTE 2: Collaboration with SA3 is required regarding the security issue.

[bookmark: _Toc92882280][bookmark: _Toc96958168]5.3	Key Issue #3: On demand multicast MBS session 
[bookmark: _Toc92882281][bookmark: _Toc96958169]5.3.1	Description
For services shared by a group of users, e.g., background audio/video streams, status/warning update during the game, shared streaming of collaborative interactive application, enabling temporary multicast group for the service would be beneficial for operators to be more flexible to provide services with resource efficiency, i.e., dynamically creating multicast session when required by the service, and releasing them when not required. 
Based on the triggers provided by the AF, e.g. information or request provided by the AF which allows multicast transport for a specific service, and other factors, on demand multicast MBS session may be created by the 5GS for the service. A similiar example in eMBMS is MBMS operation on Demand (MooD) defined by SA4.
The following aspects are to be studied:
-	Use cases for on demand MBS multicast sessions and related requirements and potential gaps in Rel-17 MBS multicast procedures
-	Whether and how to enhance the Release-17 MBS procedures to enable the on-demand multicast MBS session management. If needed, what information can be exposed by the 5GC to the AF or be provided by the AF, to enable on demand multicast MBS session management by AF.

NOTE:	Coordination with SA4 is needed for study of this KI.


[bookmark: _Toc23256818][bookmark: _Toc25353542][bookmark: _Toc25918788][bookmark: _Toc31011405][bookmark: _Toc43297403][bookmark: _Toc43733101][bookmark: _Toc50192852][bookmark: _Toc50466997][bookmark: _Toc54729746][bookmark: _Toc55202896][bookmark: _Toc57449872][bookmark: _Toc68074919][bookmark: _Toc96958170][bookmark: _Toc22930366][bookmark: _Toc22987234]5.4	Key Issue #4: Group message delivery
[bookmark: _Toc22930365][bookmark: _Toc22987233][bookmark: _Toc23256819][bookmark: _Toc25353543][bookmark: _Toc25918789][bookmark: _Toc31011406][bookmark: _Toc43297404][bookmark: _Toc43733102][bookmark: _Toc50192853][bookmark: _Toc50466998][bookmark: _Toc54729747][bookmark: _Toc55202897][bookmark: _Toc57449873][bookmark: _Toc68074920][bookmark: _Toc96958171]5.4.1	Description
In previous release, group-based enhancements were introduced to enable an optimised handling of groups of UEs/subscriptions. In 3GPP TS 23.682 [6] clause 5.5, the group message delivery is specified via MB2 and xMB interfaces over eMBMS. This key issue will study whether and how to support Group Message Delivery over MBS for feature parity.
For this key issue, the following aspects will be studied:
-	Whether and how to enhance the MBS functionality to provide a similar group message delivery as available in eMBMS.
-	Whether group message delivery applies to MBS broadcast, MBS multicast, or both.
-	Whether and how to provide a unified group message delivery applicable to both 5GS using MBS and EPS using eMBMS.
NOTE 1:	Collaboration with SA4 is needed.
NOTE 2: 	Control plane cell broadcast is not included

[bookmark: _Toc96958172]5.5	Key Issue #5: Coexistence with existing power saving mechanisms for capability-limited devices
[bookmark: _Toc96958173]5.5.1	Description 
Capability-limited devices may use power-saving mechanisms to extend their battery live. Existing power saving mechanisms include MICO (Mobile Initiated Connection Only) mode, DRX (Discontinuous Reception), eDRX (Extended Discontinuous Reception).
MBS content should be transmitted to all devices at the same time to save transmission resources. However, the existing power saving mechanisms may prevent devices from receiving MBS content (for instance group messages).
This KI will study the following issue:
-	Whether and how to support MBS content (for instance group message) delivery for capability-limited devices by considering coexistence of existing power saving mechanisms and MBS.
NOTE:	In SA4, co-existence between power saving mechanism and eMBMS has been studied in TR 26.850 [5]. The study result in TR 26.850 [5] could be taken into consideration during the solution study of this KI.

5.X	Key Issue #X: <Key Issue Title>
[bookmark: _Toc22214905][bookmark: _Toc23254038]5.X.1	Description
Editor's note:	This clause provides a description of the key issue.
[bookmark: _Toc22214906][bookmark: _Toc23254039][bookmark: _Toc96958174]6	Solutions
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc96958175]6.0	Mapping of Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
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[bookmark: _Toc96958176]6.1	Solution #1: Procedures for RRC Inactive MBS data reception
[bookmark: _Toc96958177]6.1.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution.
This solution addresses Key Issue #1. 
[bookmark: _Toc96958178]6.1.2	Functional description
Editor's note:	This clause outlines solution principles and documents any assumptions made.
It is assumed to reuse the current architecture defined in Rel-17 MBS work (see TS 23.247 [4]). In other words, MB-SMF is used to handle MBS session-level management while SMF performs per-UE MBS session management, e.g., authorization, multicast session information provisioning, managing 5GC Individual MBS traffic delivery.
[bookmark: _Toc96958179]6.1.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc68074940][bookmark: _Toc57449893][bookmark: _Toc55202917][bookmark: _Toc54729767][bookmark: _Toc50467018][bookmark: _Toc50192873][bookmark: _Toc43733122][bookmark: _Toc43297424][bookmark: _Toc96958180]6.1.3.1	General
NOTE:	The message names in the procedures below are descriptive. It is assumed that the names are updated with corresponding SBI based names where applicable during the normative phase.
[bookmark: _Toc96958181]6.1.3.2	MBS session creation, multicast session join and session establishment procedure
UE
NG-RAN
AMF
SMF
MB-SMF
UPF
MB-UPF
1a. UL NAS message (Join request (MBS Session ID))
1b. Nsmf_PDUSession_UpdateSMContext (Join request (MBS Session ID))
4. Nsmf_PDUSession_UpdateSMContext (Information of Associated QoS flow)
5. N2 message 
7. RRC reconfiguration
AF
0. MBS session creation
2. Fetch the Context for MBS Session from MB-SMF
3. Authorization
6. Establish of shared tunnel
8. 5GC provides Assistance information to NG-RAN node

Figure 6.1.3.2-1: Enhancement to current MBS procedures. 
0.	The AF starts the MBS Session towards 5GC by invoking Nmbsmf_MBSSession_Create Request services.
Editor's note: Whether MBS session creation procedures need to be enhanced is FFS.
1a-7. UE sends join request to the and SMF/MB-SMF provide necessary information to the NG-RAN node, details see step 1a-8 of clause 7.2.1.3, TS 23.247 [4]. 
8. 5GC NF provides assistance information to NG-RAN node.
Editor's note: The following issues are FFS. 1) whether/what assistance information is needed is to be coordinated with RAN WGs; 2) if needed which NF will be involved in assistance information provisioning procedure, and 3) whether the provisioning procedure can be combined with steps 1a-7. 
[bookmark: _Toc96958182]6.1.3.3	Moving a UE to RRC Inactive state
UE
NG-RAN
AMF
SMF
MB-SMF
UPF
0. 5GC provides Assistance information to NG-RAN node
1. RAN determines to switch UEs in multicast MBS session to RRC Inactive state.
2. RRC Connection Release
3. UE receives multicast MBS data in RRC Inactive mode
0. UE receives multicast MBS data in RRC-CONNECTED mode

Figure 6.1.3.3-1: NG-RAN node moves a UE to CM-CONNECTED with RRC Inactive state. 
0.	5GC provides assistance information of RRC Inactive multicast MBS data reception to NG-RAN node, details see clause 2.4.1. UE receives multicast MBS data in CM-CONNECTED mode.
Editor’s Note: whether/what assistance information is needed is to be coordinated with RAN WGs.  It is ffs if some UEs in the same cell can receive MBS data in RRC Inactive reception mode and other UEs can receive MBS data in Rel-17 reception mode-
1.	RAN determines to move UE in multicast MBS session to RRC Inactive state based on the assistance information. 
Editor's Note: Determination of switching to RRC Inactive will be confirmed by the RAN WGs.
2.	NG-RAN node releases the RRC connection and moves the UE to CM-CONNECTED with RRC Inactive state.
Editor's Note: How to release the UEs belongs to multicast MBS session will be determined by RAN WGs. 
3.	UE receives multicast MBS data in CM-CONNECTED with RRC Inactive mode.
Editor's Note: RAN WGs will determine the configuration of UE receiving multicast MBS data in RRC Inactive. 
[bookmark: _Toc96958183]6.1.3.4	Moving a UE to RRC-CONNECTED from RRC Inactive state
UE
NG-RAN
AMF
SMF
MB-SMF
UPF
0. 5GC provides Assistance information to NG-RAN node
1. RAN determines to switch UEs in multicast MBS session to RRC CONNECTED state.
0. UE receives multicast MBS data in RRC Inactive mode
2. RAN informs related UEs to be switched to RRC-CONNECTED state. 
3. UE receives multicast MBS data in RRC-CONNECTED mode

Figure 6.1.3.4-1: NG-RAN node moves a UE to RRC-CONNECTED state.
0.	5GC provides assistance information of RRC Inactive multicast MBS data reception to NG-RAN node, details see clause 2.4.1. UE receives multicast MBS data in CM-CONNECTED with RRC Inactive mode. 
Editor’s Note: whether/what assistance information is needed is to be coordinated with RAN WGs. 
1.	RAN determines to move UE in multicast MBS session to RRC-CONNECTED state based on the assistance information. 
Editor's Note: Determination of switching to RRC Inactive will be confirmed by the RAN WGs. 
2.	NG-RAN node informs related UEs to RRC-CONNECTED state.
Editor's Note: How to inform the related UEs belonging to multicast MBS session will be determined by RAN WGs. 
3.	UE receives multicast MBS data in RRC-CONNECTED mode.
Editor's Note: RAN WGs will determine the configuration of UE receiving multicast MBS data in RRC-CONNECTED mode. 
[bookmark: _Toc96958184]6.1.4	Impacts on services, entities and interfaces.
Editor's note:	This clause describes impacts to existing services, entities and interfaces.
[bookmark: _Hlk500857602][bookmark: _Toc500949103][bookmark: _Toc20473562]Functional entities defined in clause 5.3.2 of TS 23.247 [4] is reused. 
Editor's note:	Additional impacts are FFS.

[bookmark: _Toc96958185]6.2	Solution #2: Procedures for MOCN network sharing
[bookmark: _Toc96958186]6.2.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _GoBack]This solution addresses Key Issue #2. 
[bookmark: _Toc96958187]6.2.2	Functional description
Editor's note:	This clause outlines solution principles and documents any assumptions made.
It is assumed to reuse the current architecture and TMGI definition in Rel-17 MBS work (see TS 23.247 [4]). In other words, MB-SMF is used to handle MBS session-level management while SMF performs per-UE MBS session management, e.g., authorization, multicast session information provisioning, managing 5GC Individual MBS traffic delivery.
Editor's note:	The text so far only describes reuse of existing functionality but should also provide a summary of new functionality.
[bookmark: _Toc96958188]6.2.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc96958189]6.2.3.1	General
NOTE:	The message names in the procedures below are descriptive. It is assumed that the names are updated with corresponding SBI based names where applicable during the normative phase.
In general the proposal is based on the additional identifier (i.e., identifier of the broadcast MBS service) provided by AF during MBS session Create procedure. The identifier of the broadcast MBS service is non-PLMN specific, which would be included and same when AF sends requests for establishing the broadcast MBS session for the same broadcast MBS service to different PLMNs. The MB-SMF includes the received identifier in the N2 MB-SM container, and provided to NG-RAN node.
Editor's note:	It will be confirmed by the RAN WG that whether the additional identifier is needed,
Editor's note:	Support of the encrypted content reception is FFS.

[bookmark: _Toc96958190]6.2.3.2	Broadcast Session Establishment


Figure 6.2.3.2-1: Broadcast Session Establishment for MOCN network sharing. 
The following additions apply compared to clause 7.3.1 of TS 23.247 [4]:
1.	AF performs TMGI allocation and MBS session creation as specified in clause 7.1.1.2 or 7.1.1.3 of TS 23.247 [4]. The AF further includes the identifier of the broadcast MBS service in MBS session creation request.
2.	MB-SMF invokes Namf_MBSBroadcast_ContextCreate Request with further including identifier of the broadcast MBS service in the N2 SM container received in step 1. 
4.	NG-RAN node creates a Broadcast MBS Session Context, stores the TMGI, the QoS Profile and the identifier of the broadcast MBS service in the MBS Session Context, if the Broadcast MBS Session Context does not exist (i.e., the other PLMN network sharing the NG-RAN node has not requested for the same broadcast MBS service to be established at the NG-RAN node). 
Editor's note: The RAN behaviour after receiving 2nd TMGI is FFS, e.g., which TMGI will be broadcasted, whether UP tunnel will be established.
Editor's note: Details will be confirmed by the RAN WGs.
[bookmark: _Toc96958191]6.2.3.3	Broadcast Session Release


Figure 6.2.3.3-1: Broadcast Session Release for MOCN network sharing. 
The following additions apply compared to clause 7.3.2 of TS 23.247 [4]:
4.	After NG-RAN node receives multiple N2 message to release the MBS Session for the TMGI (e.g. from several AMFs the NG-RAN is connected to), if there is no other PLMN requesting to the broadcast MBS service, the NG-RAN node performs step 5 and step 6.
Editor's note: The RAN behaviour after receiving multiple release requests from different CNs is FFS, which is related with the RAN behaviour in establishment.
Editor's note: Details will be confirmed by the RAN WGs.
[bookmark: _Toc96958192]6.2.4	Impacts on services, entities and interfaces.
Editor's note:	This clause describes impacts to existing services, entities and interfaces.
Functional entities defined in clause 5.3.2 of TS 23.247 [4] is reused exception for the following additions:
AF, NEF:
-	Support to provide/process the identifier of the broadcast MBS service during broadcast session establishment procedure.
MB-SMF:
-	Include the identifier of the broadcast MBS service to the N2 SM container sent to NG-RAN node. 
NG-RAN:
-	Support to identify the broadcast MBS service from 5GC and use the same resources for the same broadcast MBS service.
Editor's note:	UE impacts and other additional impacts are FFS.

[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041]6.X	Solution #X: <Solution Title>
[bookmark: _Toc92370824][bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042]6.X.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution.
6.X.2	Functional description
[bookmark: _Toc500949101]Editor's note:	This clause outlines solution principles and documents any assumptions made.
[bookmark: _Toc23254043]6.X.3	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc23254044]6.X.4	Impacts on services, entities and interfaces.
[bookmark: _Toc250980595][bookmark: _Toc326037266][bookmark: _Toc510604411][bookmark: _Toc22214912][bookmark: _Toc310438366][bookmark: _Toc324232216][bookmark: _Toc326248735][bookmark: _Toc510604412]Editor's note:	This clause describes impacts to existing services, entities and interfaces.

[bookmark: _Toc23254045][bookmark: _Toc96958193]7	Evaluation
Editor's note:	This clause will provide evaluation of different solutions.

[bookmark: _Toc22214914][bookmark: _Toc23254047][bookmark: _Toc96958194]8	Conclusions
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.

[bookmark: _Toc96958195][bookmark: historyclause]
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