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Introduction
[bookmark: _Toc242573354]In this contribution MBS multicast and UE power saving (eDRX and MICO mode) is discussed further.
Discussion
Rel-17: MBS and eDRX/MICO mode
Concerning eDRX and MICO mode in RRC_IDLE it was discussed in RAN2#121bis-e that:
· If the UE is configured with eDRX/MICO mode, it is up to UE implementation to decide to receive MBS broadcast (no specification impact)
· If the UE is configured with eDRX/MICO mode and the UE joins a multicast session then the UE may miss group paging when the session is activated:
· The gNB can keep the UE in RRC_CONNECTED when the UE has joined a multicast session and is configured with eDRX/MICO mode, until the UE leaves the session or the session is released (no specification impact). 
Observation 1: In case the UE prefers UE power saving over MBS multicast reception then the UE can decide to not join a multicast session when the UE is configured with eDRX/MICO in RRC_IDLE.
Rel-18: MBS and eDRX/MICO mode
Short description
SA2 introduced enhancements for MBS and UE power saving in Rel-18.
An example of the use case and the steps involved:
· RedCap UEs are configured with eDRX or MICO mode in RRC_IDLE for power saving
· RedCap UEs use MBS broadcast or multicast at pre-configured times e.g. for software download
· Via service announcement “scheduled activation time(s)” are configured in the UE
· At the scheduled activation time the UE wakes- up from deep sleep and receives MBS data
· Due to data-inactivity the UE returns to eDRX/MICO mode in RRC_IDLE
· eDRX and MICO mode remain configured in the UE during the steps above
For further information see 23.247:
· 6.16	Support of MBS data reception for UEs using power saving functions
· 7.3.8	Broadcast MBS procedures for UEs using power saving functions
· 7.2.10	Multicast MBS procedures for UEs using power saving functions
About the start time, stop time and scheduled activation time
In Rel-17 the UE is always configured with a start and stop for a broadcast session. Optionally the UE can also be configured with a start and stop time for a multicast session (when start time is not configured the UE assumes “now”): 
MBS broadcast:
· Start time: data transmissions start
· Stop time: data transmissions stop
MBS multicast:
· Start time: 
· the session has been created and the UE may join (without being rejected)
· the session may be activated at the start time or later
· data transmissions start after the session has been activated
· Stop time: 
· data transmissions stop
· the session may be activated/deactivated multiple times between start and stop times
· after a session has been deactivated the data transmissions stop until the session is activated again
· data transmissions may stop (temporarily) without session deactivation
In Rel-18 a series of scheduled activation times can be signalled via service announcement for both broadcast and multicast sessions:
Scheduled activation time:
· MBS broadcast:
· data transmissions start
· MBS multicast:
· the session is activated at the scheduled activation time
· data transmissions start
MBS broadcast and eDRX/MICO mode
When the UE is in RRC_IDLE with eDRX or MICO mode configured/activated, then the UE can decide to wake-up at the scheduled activation time, similar as in Rel-17 using the start time:
Observation 2: Similar as with MBS broadcast and eDRX/MICO mode in Rel-17 there is no RAN2 specification impact for Rel-18 MBS broadcast and UE power saving.
When the UE decides to wake-up and receive MBS broadcast and eDRX/MICO is configured, then there is no change to the eDRX/MICO mode status, i.e. the UE remains in DRX or MICO mode remains deactivated. In other words the UE does not become reachable when it decides to receive MBS broadcast. 
MBS multicast and eDRX/MICO mode
When the UE is in RRC_IDLE with eDRX or MICO mode configured/activated:
· The UE wakes-up at the scheduled activation time:
· When the UE already joined the session: the UE starts monitoring paging in RRC_IDLE
· When the UE did not join the session already: the UE requests to join the session, i.e. the UE perform access and joins the session.
The CN triggers group paging at the scheduled activation time when there are UEs in CM-IDLE that have already joined. The gNB is not informed if a group member has eDRX configured in RRC_IDLE (MULTICAST GROUP PAGING message does not include that information), i.e. eDRX is not used with CN group paging. 
When eDRX is configured it is possible that there is group paging at the scheduled activation time, but the UE is sleeping. And when MICO mode is configured it is possible that MICO mode is activated when there is group paging at the scheduled activation time. 
The UE requirements to monitor paging when the UE wakes-up at the scheduled activation time should and the UE already joined a multicast session be captured in 38.304.  
Proposal 1: Clarify in 38.304 that when the UE is configured with eDRX or MICO mode and the UE already joined a multicast session, the UE starts to monitor paging at the scheduled activation time.
The paging monitoring requirements need to be captured in 38.304. There has been a proposal to capture this in CT1 specifications TS 24.501, but the correction was postponed [1].
In case a series of scheduled activation times is configured, the UE is allowed to join/leave during each scheduled activation time. In our view this is not efficient, i.e. CT1 may consider clarifying the join behavior when a series of scheduled activation times is configured. For example the UE joins and leaves the session based on the UE’s interest, i.e. the UE does not leave when it is interested to receive the session at the next scheduled activation time. 
SA2 noted in 23.247 that it is left to UE implementation for how long the UE monitors group paging:
-	At the possible scheduled activation times, an RRC_IDLE UE that already joined the multicast MBS session needs to listen for paging requests and if paged by the network follow the existing procedures in clause 7.2.5.2. How long the device listens to paging is left up to device implementation.
NOTE 3:	How long the UE need to listen to paging is left up to UE implementation.
[bookmark: _Hlk126753879]The scheduled activation time is a date and time in UTC format, e.g. (YYYY-MM-DD) and time (hh:mm:ss) [2]. The granularity is in seconds. Furthermore the SNTP time synchronization requirement for an MBS UE is +\- 1 second [3]:
Observation 3: In case the UE only monitors a single paging occasion the UE may miss the group paging at the scheduled activation time due to the granularity of the scheduled activation time and the clock accuracy in the upper layers. 
Similar as with eDRX and MICO mode there should be a certain period during which the UE is reachable:
Proposal 2: At the scheduled activation time the UE monitors paging for the duration of the configured CN PTW (when configured with eDRX) or Active Time (when configured with MICO mode).
RAN2 needs to discuss further what the UE should do when the Active Time is not configured with MICO mode, i.e. a default value needs to be agreed.
NOTE: SA2 decided to use group paging for UEs that already joined before the scheduled activation time. But it is beneficial for both UE (power saving) and NW (paging resources) if the paging phase is skipped, and the UE transits to RRC_CONNECTED at the scheduled activation time (similar as the UE that still has to join). But SA2 preferred to re-use the Rel-17 procedure, and the SMF is not aware of the scheduled activation time (to skip paging). 
UEs joins before or at the scheduled activation time
The UE may join the session before or at the scheduled activation time (see 23.247 section 7.2.10):
-	At the possible start time, an RRC_IDLE or CM-CONNECTED with RRC_INACTIVE UE needs to send a request to transition to RRC_CONNECTED state and join the MBS multicast session (if not done before).
The gNB is not aware of the scheduled activation time and the gNB may release the UE just before the scheduled activation time due to data-inactivity. In such case there is the possibility that the UE is released, just before the scheduled activation time starts.
There can be congestion at the scheduled activation time, when all UEs try to access at the same time. The time synchronization requirement for an MBS UE is +\- 1 second, i.e. due to this inaccuracy there will be some natural distribution of the accesses. But in case the group is very large, the CN may configure different scheduled activation times in the UE to distribute the accesses. The configuration of the RRC inactivity timer is up to gNB implementation and for example may range between 2-10 sec. 
To avoid this problem it is proposed to add the remaining time until the scheduled activation time in MSG5. This enables the gNB to avoid releasing the UE just before the scheduled activation time due to inactivity:
[bookmark: _Hlk126752934]Proposal 3: When the UE transitions to RRC_CONNECTED triggered by a scheduled activation time (TActivationTime) the UE includes the remaining time until the scheduled activation time (TActivationTime) in MSG5. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS multicast and UE power saving: 
Observations
Observation 1: In case the UE prefers UE power saving over MBS multicast reception then the UE can decide to not join a multicast session when the UE is configured with eDRX/MICO in RRC_IDLE.
Observation 2: Similar as with MBS broadcast and eDRX/MICO mode in Rel-17 there is no RAN2 specification impact for Rel-18 MBS broadcast and UE power saving.
Observation 3: In case the UE only monitors a single paging occasion the UE may miss the group paging at the scheduled activation time due to the granularity of the scheduled activation time and the clock accuracy in the upper layers. 
Proposals
Proposal 1: Clarify in 38.304 that when the UE is configured with eDRX or MICO mode and the UE already joined a multicast session, the UE starts to monitor paging at the scheduled activation time.
Proposal 2: At the scheduled activation time the UE monitors paging for the duration of the configured CN PTW (when configured with eDRX) or Active Time (when configured with MICO mode).
Proposal 3: When the UE transitions to RRC_CONNECTED triggered by a scheduled activation time (TActivationTime) the UE includes the remaining time until the scheduled activation time (TActivationTime) in MSG5. 
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