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Introduction
SA2 introduced enhancements to handle MBS when the UE is configured with eDRX or MICO mode. In this contribution potential RAN2 impact is discussed further.
[bookmark: _Toc242573354]Background
SA2
SA2 introduced enhancements for MBS and UE power saving in Rel-18. The feature is easily explained with an example:
· 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 “start and/or 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 more detailed information see 23.247:
· 6.11	Service announcement
· 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
In section 7.2.10 for multicast reception when eDRX/MICO mode is configured there is an editor’s note about possible alignment with RAN WG(s):
Editor's note:	Alignment may be needed with RAN WG(s).
The possible alignment is discussed further in this contribution.
CT1
CT1 agreed on the following clarification for MBS broadcast and MICO mode in 24.501 [1]:
[bookmark: _Hlk149563592]When MICO mode is activated for a UE, the UE may deactivate MICO mode and activate the AS layer at the broadcast start time and at any of the scheduled broadcast activation times of a broadcast MBS session if any of those times are available as specified in 3GPP TS 23.247 [53].
It should be noted that when MICO mode is deactivated and AS layer is activated, this means that MICO mode is locally deactivated in the UE. MICO mode remains activated from a NW perspective, i.e. the UE is not reachable for paging.
A clarification for MBS multicast and eDRX in 24.501 has been postponed pending progress in RAN2 [2]. The CR clarifies that the UE listens to paging at the start and/or scheduled activation times. In our view the paging requirements should be captured in TS 38.304. 
Discussion
MBS broadcast
When the UE is in RRC_IDLE with eDRX configured or MICO mode activated, then the UE can decide to wake-up at the start and/or scheduled activation time to receive MBS broadcast. When the UE wakes-up it acquires SIB20 and reads the MCCH to obtain the PTM configuration of the session of interest. The specifications are clear how the UE can receive MBS broadcast and we think that no further clarification is needed: 
Observation 1: Reception of MBS broadcast at the start and/or scheduled activation time can be left to UE implementation without RAN2 specification impact.
When the UE decides to wake-up to receive MBS broadcast and eDRX is configured or MICO is deactivated, then there is no change in the eDRX/MICO mode status from a network perspective. The UE is only reachable for UE individual paging during the PTW with eDRX or during Active Time (if configured) with MICO mode.
MBS multicast
[bookmark: _Toc242573360]When the UE is in RRC_IDLE with eDRX configured or MICO mode activated:
· The UE wakes-up at the start and/or scheduled activation time:
1. When the UE has already joined the session then the UE starts monitoring paging.
2. When the UE did not join the session yet then the UE performs access and joins the session.
For case 1, the CN triggers group paging at the start and/or scheduled activation time when there are UEs in CM-IDLE that have already joined the session. When there is group paging the gNB does not know if a group member has been configured with eDRX, i.e. MULTICAST GROUP PAGING message does not include eDRX info, it only includes the UE specific DRX value by upper layers (if configured). The UE uses the shortest of the defaultPagingCycle in SIB1 and the UE specific DRX value by upper layers if configured, otherwise the defaultPagingCycle in SIB1.
When there is group paging and the UE is configured with eDRX or MICO mode is activated, then it is likely that the UE will miss the group paging, unless it coincides with the PTW or Active Time (if configured). To avoid potential inter-operability issues, it should be captured in TS 38.304 that the UE starts monitoring paging at the start and/or scheduled activation time using the DRX cycle T when the UE is “not operating in eDRX”. When the UE is “not operating in eDRX” it uses the shortest of the default paging cycle in SIB1 and the UE specific DRX cycle (if configured), as specified in section 7.1 in 38.304. A clarification in 38.304 is needed to clarify that the UE shall monitor group paging (and not UE individual paging) and that the UE shall use the “normal” DRX cycle T when the UE is “not operating in eDRX”:
Proposal 1: Clarify in TS 38.304 when MICO mode is deactivated or eDRX is configured and the UE has already joined a multicast session that the UE starts monitoring group paging at the start and/or scheduled activation time(s) using DRX cycle T the UE uses when “not operating in eDRX”.
A TP is provided in the Annex for information and the CR you can find here [5].
RAN2 should inform SA2 that the EN about RAN alignment in 23.247 can be removed:
Proposal 2: If proposal 1 is agreed indicate to SA2 that the EN about RAN alignment in 7.2.10 in TS 23.247 can be removed. 
For case 2: The UE has to join the multicast session to be able to receive the multicast data. If the UE wants to receive all the multicast data, then the UE has to join before the start/scheduled activation time. But in the end it is up to the UE when the join the multicast session.
Paging issues
SA2 noted in TS 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 start/scheduled activation time is a date and time in UTC format [2], e.g. YYYY-MM-DDThh:mm:ss.s where the last s indicates one or more digits of the decimal fraction of a second. Thus the scheduled activation time can be indicated in very fine granularity. However the SNTP time synchronization requirement for an MBMS UE is +\- 1 second [3], while the timing accuracy for an MBS UE are not defined. Thus it is not clear for how long the MBS UE should monitor due inaccurate timing. It is however recommended that the UE wakes up early enough to compensate for timing differences and continues to monitor paging until it receives group paging.
Given that the timing accuracy is not defined, and according to SA2 it is up to UE implementation for how long to monitor group paging, it is thus also not clear for how long the network should perform group paging. With UE individual paging the network may page the UE once in the first paging attempt and wait for the UE to respond. Typically the UE replies in the first paging attempt. If there is no response, the RAN/CN may initiate a second paging attempt, potentially in a larger area to find the UE. A second paging attempt is typically performed seconds later (e.g. 3 sec). With group paging the delay to wait for a second paging attempt is too long, i.e. multicast data transmissions may already have started. To obtain a high probability that the UE is reached in the first group paging attempt, the network may have to repeat paging during several DRX cycles in all POs (unless a UE list is provided and the UE lists are provided at the same time when multiple AMFs are involved) and the paging may have to be performed in the complete RNA/TA. Alternatively the burden can be left to the higher layers, i.e. another attempt during the next scheduled activation time. But when UE and NW only monitor/transmit during a single PO this is likely to fail again next time.
Observation 2: Considerable paging resources may be required to reach all multicast UEs during the first group paging attempt.
In case the UE is configured with start/scheduled activation times paging can be omitted altogether, however this change would have impact on both CT1 and SA2. The AMF does not know whether the session has been configured with start/scheduled activation times and that paging can be omitted. Furthermore NAS should trigger a Service Request at the start/scheduled activation time for this case:
Proposal 3: RAN2 to discuss if paging should be omitted at the start/scheduled activation time when the UE already joined the multicast session. 
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).
Furthermore there can be congestion or the UEs may have low timing accuracy, causing the UEs to enter RRC_CONNECTED at different times. The CN may also configure different activation times in the UEs to distribute the accesses when the group is very large. 
The gNB is not aware of the scheduled activation time and thus the gNB may release the UE just before the scheduled activation time The configuration of the RRC inactivity timer is up to gNB implementation e.g. between 2-10 sec. 
To avoid premature RRC connection release when the UE connects at the start/scheduled activation time 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 4: When the UE transitions to RRC_CONNECTED triggered by a start/scheduled activation time for MBS multicast the UE includes the remaining time until the start/scheduled activation time in MSG5. 
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS multicast and UE power saving: 
Observations:
Observation 1: Reception of MBS broadcast at the start and/or scheduled activation time can be left to UE implementation without RAN2 specification impact.
Observation 2: Considerable paging resources may be required to reach all multicast UEs during the first group paging attempt.
Proposals:
Proposal 1: Clarify in TS 38.304 when MICO mode is deactivated or eDRX is configured and the UE has already joined a multicast session that the UE starts monitoring group paging at the start and/or scheduled activation time(s) using DRX cycle T the UE uses when “not operating in eDRX”.
Proposal 2: If proposal 1 is agreed indicate to SA2 that the EN about RAN alignment in 7.2.10 in TS 23.247 can be removed. 
Proposal 3: RAN2 to discuss if paging should be omitted at the start/scheduled activation time when the UE already joined the multicast session. 
Proposal 4: When the UE transitions to RRC_CONNECTED triggered by a start/scheduled activation time for MBS multicast the UE includes the remaining time until the start/scheduled activation time in MSG5. 
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[bookmark: _Toc29245186][bookmark: _Toc37298529][bookmark: _Toc46502291][bookmark: _Toc52749268][bookmark: _Toc146666557]4.1	Overview
<TEXT OMITTED>
When the UE is in RRC_IDLE state, upper layers may deactivate AS layer when MICO mode is activated as specified in TS 24.501 [14]. When MICO mode is activated, the AS configuration (e.g. priorities provided by dedicated signalling) is kept and all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while MICO mode is activated it is up to the UE implementation whether it performs the corresponding action immediately or the latest when MICO mode is deactivated. When MICO mode is deactivated, the UE shall perform all idle mode tasks.
[bookmark: _Hlk149828147]When the UE has joined an MBS multicast session and upper layers activate AS layer at start time and/or a sequence of scheduled activation times (as specified in TS 23.247 [21]) then the UE starts monitoring paging using TMGI (as specified in TS 38.331 [3]) at the start time and/or scheduled activation time(s) using the DRX cycle T when the UE does not operate in eDRX (as specified in clause 7.1).
<TEXT OMITTED>
[bookmark: _Toc146666621]7.4	Paging in extended DRX
[bookmark: _Hlk88149298]The UE may be configured by upper layers and/or RRC with an extended DRX (eDRX) cycle TeDRX, CN and/or TeDRX, RAN. The UE operates in eDRX for CN paging in RRC_IDLE or RRC_INACTIVE states if the UE is configured for eDRX by upper layers and eDRX-AllowedIdle is signalled in SIB1. The UE operates in eDRX for RAN paging in RRC_INACTIVE state if the UE is configured for eDRX by RAN and eDRX-AllowedInactive is signalled in SIB1. If the UE operates in eDRX with an eDRX cycle no longer than 1024 radio frames, it monitors POs as defined in 7.1 with configured eDRX cycle. Otherwise, a UE operating in eDRX monitors POs as defined in 7.1 during a periodic Paging Time Window (PTW) configured for the UE. The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). PH, PTW_start and PTW_end are given by the following formula:
<TEXT OMITTED>
When the UE has joined an MBS multicast session and the UE is configured with a start time and/or a sequence of scheduled activation times (as specified in TS 23.247 [21]) then the UE starts monitoring paging using TMGI (as specified in TS 38.331 [3]) at the start time and/or scheduled activation time(s) using the DRX cycle T when the UE does not operate in eDRX (as specified in clause 7.1).
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