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This document gives an overview of the state of specification work for Rel-17 NR MBS performed in 3GPP with special attention to TSG SA WG2, TSG RAN WG2 and TSG RAN WG3.
It presents some reflections and common sense expectations and discusses them in the light of the current work performed in the above mentioned TSGs/WGs.
This paper focusses on the multicast part of the Rel-17 NR MBS work.
Finally, it proposes guidelines to be considered for finalizing the remaining specification work and outlines work to be expected in Rel-18.
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2.1	Opportunities provided by Broadcast/Multicast
Broadcast/Multicast offers highly efficient delivery of identical content to a group of recipients[footnoteRef:1].  [1:  While Broadcast is defined to deliver media content to all cells within a certain area disregarding whether an interested customer actually receives the offered content, Multicast spends some effort to optimize resource usage considering the presence of interested users, with the possibility to optimize reception quality based on UE individual feedback and to even deliver the content on a per UE basis (“point-to-point” mode).] 

Compared to broadcast, multicast aims at overcoming the disadvantages of the 4G MBMS solution with MBSFN, which foresees to provide broadcast resource in a pre-allocated fashion, i.e. operators had to pre-reserve a certain amount of the available radio capacity of their system for eMBMS - one of the reasons why eMBMS is not popular and most deployments for mission critical applications in 4G are realized in unicast, with its typical challenges, see [2].
2.2	Challenges for a reasonable design of Multicast NR MBS
The design of Multicast NR MBS is a trade-off between optimizing resource usage (which improves with the capability to address individual UEs) and the cost of signaling (which typically increases with the number of UEs that participate (“join”) a Multicast NR MBS session). If the cost per UE grows over-proportional it would be a good point in time to re-visit the current status of discussions and re-focus from technical details to a system-wide reflection.
In the following chapters we discuss two main aspects, which are highly inter-related.
2.3	5GS Responsiveness for Multicast NR MBS

Along stage 1 requirements, see 22.261 [5] §6.13.2, “The 5G system shall be able to setup or modify a broadcast/multicast service area within [1s].” This requirement sets already quite a high bar for system design, especially for mission critical applications, where first responders’ critical announcements will not last for more than ~30 seconds. Experiences from the past (see [4]) have already shown that keeping a multicast session active or reserving resources for the sole use of certain applications is not acceptable for operators.
The current 5GS Multicast NR MBS concept foresees the following steps:
1.	Identification of CM_IDLE UEs interested in a Multicast service: 
TS 23.247 foresees the SMF(s) being notified about Multicast Session Activation, which assembles a list of potential candidate UEs (w/o NG-U/N3 established for the associated PDU Session) which it sent to the AMF(s) holding the UE Contexts for those UEs. Then AMF processes the UE list and determines the paging area for group paging.
	Observation 1: With growing numbers of UEs, signaling and processing the candidate UE lists for paging may consume valuable time.
2.	Joining a multicast session is done by means of PDU Session signaling. It is expected that a separate “associated” PDU Session is created for that purposes, catering for the fact that multicast services are typically realized in a separate slice. The associated PDU Session context carries the “join” information, meaning that the NG-RAN resources for that associated PDU Sessions have to be established or kept established in order to provide the “join” information to NG-RAN. UEs which are in CM_CONNECTED, for different reasons than utilizing the associated PDU Session Resources, would first need to establish the associated PDU Session Resources.
	Observation 2: With growing numbers of UEs, establishment of associated PDU Session Resources will consume valuable time.
3.	For multicast, RAN2 decided for Rel-17 to configure joined UEs with NR MBS resources on a per UE basis, i.e. for each UE an RRCReconfiguration will be executed. In cells/gNBs with low joined UE population this might not be an issue, for highly populated cells/gNBs it for sure will. 
	Observation 3: With growing numbers of UEs, per-UE RRCReconfiguration for MBS resources will consume valuable time in highly populated cells/gNBs.
4.	Last but not least, Rel-17 will probably not have time to consider reception of multicast traffic in RRC states different from RRC_CONNECTED. Time spent for UEs to go (back to) RRC_CONNECTED would especially in highly populated areas delay MC session activation. A scheme where UEs are able to receive multicast traffic immediately at session activation and only gradually change to CM_CONNECTED would further improve responsiveness.
	Observation 4: It is expected that multicast traffic reception in RRC_IDLE/INACTIVE will enable to further improve 5GS responsiveness for multicast NR MBS.
2.4	5GS Capacity for Multicast NR MBS
The role of Radio Resource Management for individual and shared radio resources:
From Rel-17 NR MBS onwards, Radio Resources Management will have to manage both, individual and shared radio resources. With the decision to perform the joining of a multicast session by means of PDU Session signaling, radio resources have to be established for that “associated” PDU Session, which forms the “individual” radio resource part for NR MBS.
One can expect a reasonable and “economic” RRM implementation to observe activity on allocated radio resources and in case of inactivity remove those resources and grant them to other users. The same holds for “associated” PDU Session Resources[footnoteRef:2]: if no individual activity was observed for some time those resources would be (requested to be) released. [2:  “Associated” PDU Session Resources may carry information necessary for interworking with non-supporting gNBs.] 

	Observation 5: With growing numbers of UEs, obligatory establishment of associated PDU Session Resources - just to provide joining information to RAN - 5GS capacity will be wasted.
A word about paging resources for MBS. RAN2 abstained from requiring UEs to listen to “individual” and potentially several “shared” paging occasions to save UE battery. None the less, the decision was made to use individual paging occasions for MBS, reusing the existing “individual” functionality. In a largely populated area with interested UEs probably all possible POs within a DRX cycle are occupied for paging UEs, so this will require to apply paging optimization schemes for a large group of UEs. Given that this (especially re-calculating paging strategies for UEs not yet reached) is a non-trivial task, it can be expected that rather “rude” paging strategies will be applied.
	Observation 6: With growing numbers of UEs it can be expected that paging resources might be blocked for more than one (complete) DRX cycle.
2.5	Rel-17 5G MBS Scenarios and Scalability
The Rel-17 MBS WID [6] calls for the support of dynamic control of the broadcast/multicast transmission area within one gNB-DU. Given that a gNB-DU may be able to support a limited number of cells, this translates into scenarios with a limited broadcast/multicast transmission area, and this in turn translates into a limit to the number of UEs potentially involved. For this reason, if we only look at Rel-17, we might think that scalability is not an issue. But at least mission critical services (their requirements are explicitly mentioned in the WID [6]) expect a well-functioning multicast functionality.
	Observation 7: The Rel-17 MBS WID mentions transmission areas within a single gNB-DU, which in turns limits the number of cells and of UEs to be considered. This is the likely reason why scalability did not seem to be a concern so far. However, if and when the single gNB-DU limitation is lifted, the scalability issue will be very evident.
2.6	Overall NR MBS Concept for multicast
As mentioned in discussions above, the main overall conceptual decision for Rel-17 NR MBS was the major role assigned to Session Management with the opportunity to enable smooth interworking with non-supporting NG-RAN nodes. Joining a multicast session and interworking with non-supporting NG-RAN nodes is achieved by mechanisms designed along a PDU Session “associated” with that multicast service. 
While interworking was introduced in Rel-17 concept work, there is however a common understanding that multicast services realized in pre-Rel-17 NG-RAN nodes is unproportionally resource consuming and should be avoided (see [2]).
We would suggest to re-visit current concepts and ensure that mechanisms that are not needed in case of homogenous NR MBS deployment do not have to be executed if interworking with non-supporting NG-RAN nodes is not required.
	Observation 8: It would be beneficial to re-visit current concepts to ensure that mechanisms that are only applicable for interworking with non-supporting NG-RAN nodes do not have to be executed in case of homogenous NR MBS deployment.
From Rel-17 NR MBS onwards, Radio Resources Management will have to manage both, individual and shared radio resources. With the decision to perform the joining of a multicast session by means of PDU Session signaling, radio resources have to be established for that “associated” PDU Session, which forms the “individual” radio resource part for NR MBS.
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We have reviewed the current status of Rel-17 NR MBS specification work and discussed several technical areas in the light of scalability. We believe that those areas deserve to be re-visited. From the above observations, we see the concrete risk that this will not be the case. With MBS solution as it is currently being discussed, the cost in terms of network signaling of supporting growing numbers of UEs will be very high, and this puts a severe limitation on the scalability of the whole solution for future scenarios.
The MBS functionality as it is currently discussed, is severely limited in its capability to serve growing numbers of UEs. But this requirement is already implicit in the requirement to support mission-critical services already from Rel-17, as mentioned in [6]. We also fear that when scalability issues will be discovered, it may be too late to fix things, as the root cause lies in the initial design choices made in Rel-17.
The following is proposed:
Proposal 1: We therefore propose for RAN to discuss the observations made in chapter 2 acknowledging the scalability issues described. Depending on the outcome of the discussion, it might be appropriate to draft an LS to the appropriate WGs to make them aware of these findings.
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