[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #119	R3-230362
Athens, Greece, 27th February - 3rd March 2023

Agenda Item:	15.3
Source:	Ericsson
Title:	On multicast reception in RRC_INACTIVE
Document for:	Discussion and agreement
[bookmark: _Toc527283429][bookmark: _Toc527283646][bookmark: _Toc527283675][bookmark: _Toc527283740][bookmark: _Toc527283744][bookmark: _Toc527283905][bookmark: _Toc527283922]1	Introduction
This document continues discussions on multicast reception in RRC_INACTIVE along the objectives of the Rel-18 WID:
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
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2.1	Status of SA2 discussions
As per incoming LS from SA2 in [1] highlighting conclusions captured in the latest version of TR 23.700-47 [2], it appears at if SA2 was collecting a lot of material on NG-RAN internal functions, as the innocent statement in the LS says “Regarding the mobility within the RNA, SA2 would like to ask RAN WGs to provide further information if any progress and agreement are available”, SA2 apparently seeks RAN WG input to RAN internal matters. This statement is backed up with a lot of material within the TR [2] that doesn’t necessarily match SA2’s core responsibility
Nevertheless, SA2 has come to some conclusions concerning
-	Assistance information from the 5GC taken into account for deciding whether UEs are moved to RRC_INACTIVE or kept in RRC_CONNECTED, with rather concrete considerations on the nature of such assistance. This assistance information is propagated to the target gNB in case of inter-gNB handover.
-	The UE shall be able to stay in RRC_INACTIVE at session activation and when re-selecting to a cell within its configured RNA during an active session. 
Currently, SA2 normative work is ongoing and as it seems, 23.247 will receive substantial specification text describing RAN internal behaviour. This is amazing to watch but neither new nor stoppable. There is hope that some Editor’s Notes are introduced and kept open sufficiently long for RAN WGs to comment.
2.2	Status of RAN2 discussion
The following was agreed at RAN2#120, the following was agreed (see also running stage 2 CR in [3], older (and still valid) agreements can be referred to in [3] as well):
We will have a mixed approach and we start with the following:
1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).
2. MCCH is used in case there is a need to indicate a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell / gNB. FFS session status change and other indications. 
3. We assume that the UE can only receive multicast service after it joined the session.
4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.

A very early agreement made at RAN2#119 is worth to note as well:
In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:
-	Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.
-	Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session
FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.

2.3	Status of RAN3 discussions
RAN3 is very much dependent on the outcome of RAN2 discussions.
RAN3 agreements revolve around the information the gNB may take into account for deciding to configure UEs to receive multicast data in RRC_INACTIVE.
In addition, RAN3 started discussions on impact on F1, which, however, is also dependent on RAN2 decisions.
2.4	Aspects RAN3 may discuss at RAN3#119
2.4.1	Assistance data as per SA2 agreements 
TR 23.700-47 concluded on the following for KI#1
-	For MBS session level assistance information:
-	The existing MBS session QoS parameters (e.g. ARP, 5QI) can be used as the MBS session level assistance information by NG-RAN to differentiate different MBS sessions.
-	For UE level MBS assistance information:
-	The UE level MBS assistance information is an optional new parameter and set per MBS session. It is indicated by the AF to inform the network whether from the expected traffic pattern of the UE the indicated UE is preferred to be kept in the RRC Connected state even if it is able according to its radio capabilities to receive the MBS session data in RRC_INACTIVE state, e.g. a frequent talker.
NOTE 1:	The protocol detail and how the assistance information is formatted (e.g. as a flag, multiple choices (high/low/medium) or multiple integer values of the assistance information for the expected traffic pattern) is to be defined in normative phase and requires RAN WG feedback.
The following can be observed:
Observation 1:	There is no normative work necessary to specify what TR 23.700-47 calls “MBS session level” assistance information. MBS QoS flow level QoS parameters will allow the gNB to determine whether, under the UEs current reception conditions, respective QoS requirements can be fulfilled and use that information for admission control. This is also in line with the RAN3 agreement that The QoS requirements apply to the provision of the multicast session, independently from the strategy a gNB applies to achieve their fulfilment.
Observation 2:	The UE level MBS assistance information is a new parameter with is, along TR 23.700-47 set per MBS Session. SA2 denote such information “UE level” as not all UEs (in fact the minority of UEs, at least in the context of mission critical services) are expected to be configured with that parameter.
We had discussions on the fact that the decision to release UEs to RRC_INACTIVE or to keep UEs in RRC_CONNECTED is a gNB internal matter and should not be steered by input from 5GC, e.g. requesting explicitly to keep UEs in RRC_CONNECTED.
We had also discussions that existing parameters like the Expected UE (Activity) Behaviour could be used to indicate the special role of the UE in the multicast group. 
A new indication is expected to be introduced on a per UE and per (joined) MBS session basis. The detailed definition of that new indication is FFS (SA2 expected to make a first proposal/move) and should respect the functional split between RAN and CN, i.e. any direct involvement of the CN in RAN decisions should be avoided.
Observation 3:	A new indication whether a UE should receive preferential treatment during an active multicast session could be introduced on a per (joined) MBS Session basis. The definition of this new indication should respect the functional split between RAN and CN.
2.4.2	Support of diverse scenarios for UEs in RRC_INACTIVE 
Although the whole discussion on this specific item is still very dependent on RAN2 decisions, we try to depict a couple of scenarios and derive some observations:
-	The UE starts to receive multicast session in RRC_INACTIVE (see “Scenario 2” in RAN2 agreements)
-	For this scenario, before the UE is sent to RRC_INACTIVE, it would join the session and either be PTM configured per dedicated signalling or it is PTM configured by means of MCCH at session activation (whether the latter is supported is, at it seems, still up to RAN2 discussions)
-	We should do a step back and ask ourselves why a gNB would decide to release UEs to RRC_INACTIVE and allow them to start reception of multicast data w/o resuming. Given all the past discussions, the reason behind that is to overcome scalability problems in case too many UEs have joined the session so that they (and a potentially similar high number of UEs in RRC_IDLE) would need to resume to RRC_CONNECTED for being PTM configured before they could be released to RRC_INACTIVE again.
Observation 4:	Scalability issues, postponed from Rel-17 discussions, are the main reason to allow UEs to stay in RRC_INACTIVE at session activation and still being able to start multicast data reception.
-	In Rel-18, one option is that the UEs are PTM configured during deactivated multicast sessions by means of dedicated RRC signalling, i.e. while being in RRC_CONNECTED before being released to RRC_INACTIVE again. Dedicated RRC signalling requires – in a disaggregated deployment, the gNB-DU to have an established multicast context.
Observation 5:	While we had discussion in Rel-17 whether multicast MBS resources could be configured before session activation (and therefore a multicast context could exist in a gNB-DU) and we could not conclude, it seems to be evident that in Rel-18, RAN2 already agreed on scenarios where such is a prerequisite for envisaged scenarios to work.
-	If the UE was PTM configured and expected to not resume at session activation and re-select within its configured RNA to another cell, the PTM configuration in the new cell needs to be available for the UE, otherwise the UE would need to resume and the gNB may decide to provide the PTM configuration of the new cell to the UE and release it to RRC_INACTIVE (again).
-	There is quite some likelihood that 3GPP enters discussions to consider schemes where PTM configurations are co-ordinated within groups of cells, even groups of cells  consisting of cells served by different gNBs. Schemes may be developed to negotiate/exchange PTM configurations in order to allow inter-gNB mobility scenarios where UEs may re-select cells w/o the need to resume and being “re-PTM-configured”. We believe that specification work for such schemes is possible to conduct and would look nice “on paper”, but such schemes are by far too complex to implement, to configure and – last not least – to test. 3GPP should abstain from developing such schemes, as they will likely never be implemented.
Observation 6:	While it is possible to conduct specification work for signalling schemes that allow inter-gNB mobility scenarios allowing UEs to re-select cells of neighbouring gNBs w/o resuming and being re-configured with the PTM configuration of the new cell through dedicated signalling, such schemes are deemed too complex to implement, deploy, configure and test and should be therefore not specified.
-	The UE starts to receive multicast session in RRC_CONNECTED and is released to RRC_INACTIVE (see “Scenario 1” in RAN2 agreements)
-	Like for scenario 2, it would be beneficial to re-consider the reasons why reception of multicast in RRC_INACTIVE was proposed: Reception of multicast data in RRC_INACTIVE should be mainly applied if the gNB is not able to handle the amount of UEs receiving multicast data in RRC_CONNECTED. 
-	We consider the case where a single or a few UEs are receiving multicast data in a cell as being out of scope of Rel-18 discussions.
-	The RAN3 agreement that During an active multicast session, the gNB-DU shall keep the PTM transmission when delivering respective multicast data to RRC_INACTIVE UEs. Detailed F1AP design is pending on RAN2 decision for PTM configuration delivery method and further RAN3 discussions. was obviously motivated by scenarios that assume certain cells (or even all cells of a DU within a service area) to serve only joined UEs in RRC_INACTIVE and therefore deliver multicast data to UEs. Such statement wouldn’t be necessary if joined UEs are served in RRC_CONNECTED in these cells, which should be always the case, as discussed above.
Observation 7: If UEs are receiving multicast session data in RRC_INACTIVE it can be assumed that the amount of UEs in that cell receiving the same multicast data in RRC_CONNECTED is sufficiently high to assume PTM resources being configured.
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-	We quoted the statement in the WID about the expected quality of multicast service reception in RRC_INACTIVE during mobility, which states that “Seamless/lossless mobility is not required”.
	Indeed, if too many UEs would have to be served that UEs have to be kept in RRC_INACTIVE at inter-cell/node mobility, priority will be given to UEs for which preferential treatment is requested by the 5GC, which includes providing RRC_CONNECTED mode mobility and reducing service interruption time to levels only achievable with unicast service provision.
	In the worst case, a serving cell as spent all resources so that UE for which preferential treatment is not indicated by the 5GC and which would not be able to be kept in RRC_CONNECTED either, would possibly need to resume to a cell within which no PTM resources have been yet established, which introduces additional delay until that UE can resume receiving multicast data. Such scenarios are possible but rather unlikely, assuming a certain distribution of joined UEs within an area surrounding an overloaded cell.
Observation 8: In extreme overload situations a substantial amount of UEs could be kept in RRC_INACTIVE, performing cell-reselection, considering that the Rel-18 WID does not require seamless/lossless mobility in RRC_INACTIVE. In such overload situations it should be also acceptable if, in rare cases, PTM resources have to be established in the new cell for the first UE resuming there.
Observation 9: In such extreme overload situations UEs with preferential treatment would still be able to perform RRC_CONNECTED mobility. In non-extreme load situations, all UEs should typically perform inter-cell mobility in RRC_CONNECTED, but this is dependent on RAN2 decisions on “threshold based resume”.
3	Conclusion and Proposals
We have discussed “Assistance data” as proposed by SA2 and observed the following:
Observation 1:	There is no normative work necessary to specify what TR 23.700-47 calls “MBS session level” assistance information. MBS QoS flow level QoS parameters will allow the gNB to determine whether, under the UEs current reception conditions, respective QoS requirements can be fulfilled and use that information for admission control. This is also in line with the RAN3 agreement that The QoS requirements apply to the provision of the multicast session, independently from the strategy a gNB applies to achieve their fulfilment.
Observation 2:	The UE level MBS assistance information is a new parameter with is, along TR 23.700-47 set per MBS Session. SA2 denote such information “UE level” as not all UEs (in fact the minority of UEs, at least in the context of mission critical services) are expected to be configured with that parameter.
Observation 3:	A new indication whether a UE should be kept in RRC_CONNECTED during an active multicast session could be introduced on a per (joined) MBS Session basis. 
We have also discussed RAN3 aspects multicast reception in RRC_INACTIVE and observed the following:
Observation 4:	Scalability issues, postponed from Rel-17 discussions, are the main reason to allow UEs to stay in RRC_INACTIVE at session activation and still being able to start multicast data reception.
Observation 5:	While we had discussion in Rel-17 whether multicast MBS resources could be configured before session activation (and therefore a multicast context could exist in a gNB-DU) and we could not conclude, it seems to be evident that in Rel-18, RAN2 already agreed on scenarios where such is a prerequisite for envisaged scenarios to work.
Observation 6:	While it is possible to conduct specification work for signalling schemes that allow inter-gNB mobility scenarios allowing UEs to re-select cells of neighbouring gNbs w/o resuming and being re-configured with the PTM configuration of the new cell, such schemes are deemed too complex to implement and to test and should be therefore not specified.
Observation 7: If UEs are receiving multicast session data in RRC_INACTIVE it can be assumed that the amount of UEs in that cell receiving the same multicast data in RRC_CONNECTED is sufficiently high to assume PTM resources being configured.
Observation 8: In extreme overload situations a substantial amount of UEs could be kept in RRC_INACTIVE, performing cell-reselection, considering that the Rel-18 WID does not require seamless/lossless mobility in RRC_INACTIVE. In such overload situations it should be also acceptable if, in rare cases, PTM resources have to be established in the new cell for the first UE resuming there.
Observation 9: In such extreme overload situations UEs with preferential treatment would still be able to perform RRC_CONNECTED mobility. In non-extreme load situations, all UEs should typically perform inter-cell mobility in RRC_CONNECTED, but this is dependent on RAN2 decisions on “threshold based resume”.

Finally we propose:
Proposal 1:	Take the above observations into consideration for further discussions and, if possible to agree on avoiding inter-gNB schemes to co-ordinate PTM configuration.
Proposal 2:	Reply to the SA2 LS received in R3-230028 [1] that RAN3 would prefer an approach that does typically not foresee UEs to perform inter-gNB mobility in RRC_INACTIVE while receiving multicast data and to accept that lossless/seamless mobility is possible, as explicitly allowed per RAN WID, if due to overload situations UE mobility cannot be performed in RRC_CONNECTED. 
Proposal 3:	Inform SA2 that mobility outside an RNA should be only specified by SA2 in case of CN involvement (i.e. with Xn signalling involvement).
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