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Introduction
When the UE is configured with UE power saving features, like eDRX or MICO mode, the UE may be interested to receive MBS broadcast or multicast. In this contribution potential clarifications for Rel-17 are discussed further. 
[bookmark: _Toc242573354]Background
eDRX and MICO mode
A UE supporting MBS broadcast or multicast may also support eDRX or MICO mode. eDRX and MICO mode are configured by the CN, except for eDRX in RRC_INACTIVE which is configured by RAN. The RAN is aware when the UE is configured with eDRX or MICO mode. 
In RRC_IDLE the UE can be configured with an eDRX cycle length up to 10485,76 seconds (2,9 h). In RRC_INACTIVE the UE can be configured with an eDRX cycle length up to 10,24 sec, provided that the UE is configured with eDRX in RRC_IDLE.
When the UE is in MICO mode (in RRC_IDLE only) the UE is not required to perform AS activities, e.g.. monitoring Paging or perform measurements. The UE is only required to wake-up and perform periodic registration. The periodic registration timer (T3512) can be configured very long (GPRS timer 3) i.e. up to 9920 hours ~ 1,1 year (aka sabbatical). The CN may optionally configure an Activation Time (T3324), during which time the UE remains reachable for Paging after leaving RRC_CONNECTED (e.g. after periodic registration). When MICO mode is activated, the UE is not reachable, i.e. does not monitor paging: 
[image: ]
When the UE goes to RRC_CONNECTED (e.g. to send UL data) and MICO mode is activated, then MICO mode remains activated when the UE returns to RRC_IDLE until the next periodic location or mobility registration. 
MBS broadcast and multicast
MBS broadcast and multicast can optionally be configured with a PTM-DRX, which specifies when the UE is required to monitor the G-RNTI(s). The gNB can configure a separate PTM-DRX per G-RNTI or the same DRX for all G-RNTIs. When PTM-DRX is not configured, the UE monitors the G-RNTI in each PDCCH occasion. 
MBS broadcast and multicast share certain commonalities (TS 23.247) like service announcement when the network can indicate to the UE when the session starts. 
…


Figure 4.2.2-1: Phases of Broadcast data provisioning
The following phases are performed for a specific service:
-	MBS Session Creation: MBS Session Creation is used by the AF to create the MBS Session towards 5GC. MBS session creation can occur in several steps (e.g. TMGI allocation, provisioning information about MBS session, request to activate the MBS session). The last step of the MBS session creation triggers resource establishment for transmitting the DL Broadcast data between 5GC and NG-RAN.
NOTE:	For broadcast communication, after MBS Session Creation and Session Establishment, the established resources are not only between 5GC and NG-RAN, but also between the AF to 5GC.
-	Service announcement: Service announcement is used to distribute information towards UEs about the service required for service reception (e.g. IP multicast address(es)) and possibly other service related parameters (e.g. service start time). This step can occur in parallel or after the MBS session configuration. However, TMGI allocation is required before. The information of the service announcement could be pre-configured at the UE side, see clause 7.3.1.
In case of multicast the UE first has to join the session before it can receive it: 


Figure 4.2.1-1: Phases of Multicast data provisioning example
…
The following phases are performed for a specific service:
-	MBS Session Creation: It is the phase that the information of Multicast MBS session is created as described in clause 4.3. This step is optional.
-	Service announcement: Service announcement is used to distribute information toward UEs about the service required for service reception (e.g. IP multicast address(es)) and possibly other service related parameters (e.g. service start time). This step is optional.
In case the UE joins before the session starts, the UE may be rejected and indication when to try again, see TS 24.501 reject cause "MBS session has not started or will not start soon" including MBS back-off timer: 
If a UE joins prior to the start time of the multicast MBS session, the SMF may accept the join request and indicate to the UE the start time, or it may reject the join request with an appropriate error cause and optionally a back-off timer. If a UE joins while the multicast MBS session is inactive, the SMF accepts the join request.
Discussion
General remarks
MBS and UE power saving (eDRX, MICO mode) are features that are initiated by the UE:
· UE decides to receive MBS broadcast or join a multicast session
· UE asks CN to be configured with eDRX or MICO mode[footnoteRef:1] [1:  RAN can only configure ExtendedPagingCycle in RRC_INACTIVE provided that CN has configured eDRX in RRC_IDLE. ] 

When the UE receives MBS this goes at the expense of the UE power saving, especially for MBS multicast received in RRC_CONNECTED. However there can be use cases, where the UE wants to be in power saving mode most of the time, but sporadically/occasionally use MBS (e.g. to do firmware update), i.e. there is a need to allow these features simultaneously. 
MBS broadcast
From a network perspective the UE can be in eDRX or MICO mode while the UE is receiving MBS broadcast, i.e. there is no inter-operability issue. There is no need to de-configure eDRX or MICO mode when the UE wants to receive MBS broadcast, i.e. this would only introduce additional signalling and delay. 
When the UE is in eDRX the UE can receive MBS broadcast (MCCH/MTCH) simultaneously with Paging, which is scheduled in different slots. It is more power consuming for the UE to monitor MBS broadcast in additional to Paging, but after the UE has received the MBS broadcast session, the UE can immediately go back into eDRX again:
Proposal 1: When the UE is configured with eDRX in RRC_IDLE (TeDRX, CN) or RRC_INACTIVE (TeDRX, RAN) it is up to UE implementation to decide to receive MBS broadcast according to the PTM DRX in addition to monitoring Paging according to the eDRX. 
When the UE is in MICO mode it is up to the UE implementation to wake-up and access the system e.g. to send UL data (in addition to when the periodic registration updating timer expires). Similarly it can be left to UE implementation to wake-up and receive MBS broadcast. The UE remains in RRC_IDLE and MICO mode is not deactivated when the UE starts receiving MBS broadcast: 
Proposal 2: When the UE is in RRC_IDLE and MICO mode is activated it is up to UE implementation to decide to wake-up and receive MBS broadcast according to the PTM DRX. MICO mode remains activated i.e. the UE does not monitor paging while receiving MBS broadcast.
The UE does not monitor Paging while receiving MBS broadcast, and from a CN perspective MICO mode remains activated i.e. the UE is not reachable.
To enable MBS broadcast reception while the UE is in eDRX or MICO mode does not require any specification changes. But it might be good to clarify that the combination of these features is supported without any changes, and can be left to UE implementation (because this is not the case for MBS multicast): 
Proposal 3: Clarify in 38.304 for Rel-17 that it is up to UE implementation to receive MBS broadcast when the UE is configured with eDRX or MICO mode.
A draft TP is provided in the Annex for discussion and agreement. 
MBS multicast
When the UE joins a multicast session, while configured with eDRX/MICO mode, the UE has prioritized multicast reception over UE power saving. And when the UE prioritizes UE power saving over multicast reception, then the UE does not join a multicast session:
Observation 1: It is up to the UE how to prioritize multicast reception and UE power saving.
To receive MBS multicast the UE first has to join the session, and in Rel-17 the UE can only receive MBS multicast in RRC_CONNECTED: 
Observation 2: When the UE is in eDRX or MICO mode the UE can decide to go to connected mode and join a multicast session. 
In case the UE joins a multicast session while eDRX or MICO mode are configured, then there is a potential inter-operability issue. When the UE joins a session that has not started yet or a session that is deactivated, then the UE may be released to RRC_IDLE or RRC_INACTIVE due to inactivity. The UE would then enter eDRX or MICO mode:
· When the UE enters MICO mode the UE will miss the paging during session activation. 
· The AMF uses the configured eDRX to (group) page the UE, the notification of session activation may reach the UE after a very long time (up to 3 hours).
Observation 3: The UE may miss or receive a delayed multicast session activation notification, when the UE enters eDRX or activates MICO mode.
The simplest approach to resolve this issue is when the UE does not use eDRX nor MICO mode when the UE has joined a multicast session: 
Proposal 3: If the UE is monitoring CN paging or RAN paging for TMGI the UE does not use TeDRX, CN or TeDRX, RAN, if configured.
NOTE: alternatively the gNB does not configure TeDRX, RAN when the UE has joined a session, but it is simplest and more consistent when the same approach is followed in RRC_IDLE and RRC_INACTIVE. 
The AMF does not use eDRX when triggering group paging for UEs in CM-IDLE, because the MULTICAST GROUP PAGING message does not include the eDRX info of the UE, but only the Paging DRX IE includes the UE specific DRX cycle (if configured), which ranges between 320 ms and 2,56 sec (default paging cycle range). Furthermore when the UE list is omitted in the gNB is required to page during all the POs of a default paging cycle (38.413 section 8.5.2.2): 
If the Paging DRX IE is included in the MULTICAST GROUP PAGING message, the NG-RAN node shall use it according to TS 38.304 [12].
If the UE Paging List IE is included in the MULTICAST GROUP PAGING message, the NG-RAN node shall, if supported, use it according to TS 38.304 [12]. If absent, the NG-RAN node shall perform multicast group paging of the MBS session in all paging occasions within at least one default paging cycle, as specified in TS 38.304 [12].
[image: ]
When the gNB is requested to activate the multicast session, it will trigger RAN group paging for the UEs in RRC_INACTIVE that have joined the session. 
For MICO mode in RRC_IDLE the same approach can be used:
Proposal 4: If the UE is monitoring CN paging for TMGI the UE does not activate MICO mode.
A TP is provided for information in the Appendix.
If the UE wants to use eDRX or MICO mode again, then the UE just leaves the multicast session.
When the UE is configured with eDRX or MICO mode and the AMF receives a request for group paging, then the UE is included in the list of UEs to be paged.
There could be use cases, e.g. firmware download, where the DL transmissions are continuous and the session will not be deactivated by the CN and the RAN will not release the UE due to inactivity. But it is not a good idea, to rely on the possibility that it might work without any changes. 
In case RAN2 decides that eDRX and MICO mode are not supported with MBS multicast in Rel-17, then a change and clarification is also needed. For example the UE should not request both features together, or the NW rejects a request to configure both feature together (both means eDRX or MICO mode with joining a MBS multicast): 
Observation 4: A correction and clarification is required in Rel-17, independent whether MBS multicast is supported with eDRX/MICO mode or not. 
In case RAN2 agrees on a way forward, RAN2 should inform RAN3 and SA2 to check whether there are any concerns.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS and UE power saving: 
MBS broadcast
Proposal 1: When the UE is configured with eDRX in RRC_IDLE (TeDRX, CN) or RRC_INACTIVE (TeDRX, RAN) it is up to UE implementation to decide to receive MBS broadcast according to the PTM DRX in addition to monitoring Paging according to the eDRX. 
Proposal 2: When the UE is in RRC_IDLE and MICO mode is activated it is up to UE implementation to decide to wake-up and receive MBS broadcast according to the PTM DRX. MICO mode remains activated i.e. the UE does not monitor paging while receiving MBS broadcast.
Proposal 3: Clarify in 38.304 for Rel-17 that it is up to UE implementation to receive MBS broadcast when the UE is configured with eDRX or MICO mode.
MBS multicast
Observation 1: It is up to the UE how to prioritize multicast reception and UE power saving.
Observation 2: When the UE is in eDRX or MICO mode the UE can decide to go to connected mode and join a multicast session. 
Observation 3: The UE may miss or receive a delayed multicast session activation notification, when the UE enters eDRX or activates MICO mode.
Proposal 3: If the UE is monitoring CN paging or RAN paging for TMGI the UE does not use TeDRX, CN or TeDRX, RAN, if configured.
Proposal 4: If the UE is monitoring CN paging for TMGI the UE does not activate MICO mode.
Observation 4: A correction and clarification is required in Rel-17, independent whether MBS multicast is supported with eDRX/MICO mode or not. 
Appendix: TP 38.304
MBS broadcast
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.
NOTE:	It is left to UE implementation to receive MBS broadcast when MICO mode is activated.
<TEXT OMITTED>
7.4	Paging in extended DRX
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 is configured with an extended DRX cycle no longer than 1024 radio frames, it monitors POs as defined in 7.1 with configured eDRX cycle. Otherwise, a UE configured with 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:
NOTE:	It is left to UE implementation to receive MBS broadcast when extended DRX (eDRX) cycle TeDRX, CN and/or TeDRX, RAN is configured.
<TEXT OMITTED>
MBS multicast
<TEXT OMITTED>
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 the UE is monitoring CN paging using TMGI the UE shall not activate MICO mode. 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.
<TEXT OMITTED>
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 and the UE is not monitoring CN paging using TMGI. 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, and the UE is not monitoring RAN paging using TMGI. If the UE is configured with an extended DRX cycle no longer than 1024 radio frames, it monitors POs as defined in 7.1 with configured eDRX cycle. Otherwise, a UE configured with 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>
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