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Introduction
In this contribution MBS multicast with eDRX and MICO mode is discussed further. 
[bookmark: _Toc242573354]Background
SA2
SA2 agreed on the work item for MBS phase 2 [1], which includes the following objectives:
Support of the enhancement of the multicast and broadcast communication service within 5G system, specifically: 
a) Support of UE's receiving Multicast MBS Session data in RRC Inactive state.
b) Support of efficient resource utilization for the same broadcast content to be provided to 5G MOCN network sharing scenarios (i.e., multiple CNs are connected to the same NG-RAN).
c) Support of group message delivery.
d) Support of coexistence with existing power saving mechanisms for capability-limited devices.
Concerning objective d, SA2 concluded in 23.700-47 for key issue #5 (v18.0.0):
The following principles are applied for normative work to allow UEs to receive multicast/broadcast MBS data when they are using power saving mechanisms (e.g. eDRX, MICO with active time etc):
· Solution #14 is used as the basis for normative work with the following further clarifications:
· The UE is configured by the AF via the service announcement about a session start time and a possible sequence of scheduled activation times when the AF may activate the MBS session and transmit MBS data.
· At the session start time and the possible scheduled activation times, the UEs apply the procedures of Solution #14 to receive MBS data. This means that for an MBS multicast session, if the UE has already joined the MBS session as defined in clause 7.2.1.3 of TS 23.247 [4], at the possible scheduled activation times, IDLE UEs need to listen for paging requests and if paged by the network with group paging follow the existing procedures in clause 7.2.5.2 of TS 23.247 [4]. In this case, how long the UE need to listen to paging is left up to UE implementation.
· If the UE has not previously joined the MBS multicast session, at the possible scheduled activation time it performs MBS join procedure as currently defined in clause 7.2.1.3 of TS 23.247 [4]. Whether the UE performs MBS join procedure in advance and stays "joined" or every time at activation time is left up to UE implementation.
· How to support NR capability-limited (RedCap) UEs in MBS will be decided in normative phase considering possible related decisions of RAN WGs
Discussion
[bookmark: _Toc242573360]Start time and sequence of scheduled activation times
In Rel-17 the UE can be configured via service announcement with a start time and TAI/cell list for a multicast session (TMGI), i.e. information when and where to join the session. In case the UE joins before the session starts, the UE may be rejected, see TS 24.501 reject cause "MBS session has not started or will not start soon" and the NW can optionally include an MBS back-off timer when to try again (up to 32 hours): 
Observation 1: In Rel-17 it is up to UE implementation when to join a session.  
When the first UEs joins the session, this triggers the CN to create the session in RAN, and provide QoS information. This enables the RAN to reserve resources, and the RAN can configure the UE with an MRB, but the RAN can also wait until the session is activated and multicast transmissions start. The session is then in a de-activated state, and the RAN can decide to release the UE to RRC_IDLE or RRC_INACTIVE based in inactivity. When the session is activated group paging is triggered in CN for CM-IDLE UEs and in RAN for UEs in RRC_INACTIVE: 
[image: ]
Once a session has been activated, the CN can de-activate the session based on inactivity. It is not known before hand when a session will be deactivated, and when a session is deactivated, the RAN does not know when the session will be activated again. 
Observation 2: In Rel-17 the activation and deactivation times are not known in advance.   
[bookmark: _Hlk126751539]In Rel-18 to support MBS multicast with UE power saving (eDRX and MICO mode) SA2 introduces a “series of scheduled activation times”, i.e. this could be a list of one or more activation times. In this case it is known in advance when the activation will happen, e.g. firmware download to RedCap UEs in eDRX or MICO mode. It is assumed that in between the scheduled activation times, the legacy “unscheduled” deactivations/activations may happen. For that topic the reader is referred to our Rel-17 contribution [2], where it is proposed that the UE does not request eDRX/MICO mode when the UE has joined a session. 
Joining and Leaving
Both in Rel-17 and Rel-18 the UE joins or leaves a session based on the UE’s interest, i.e. triggered by the UE. When the UE in Rel-18 is configured with a series of scheduled activation times it is assumed that the UE joins at the scheduled activation time, when the UE did not already join, i.e. the UE does not join a long time before the session is activated, which would not be beneficial from a UE power saving perspective. When the UE would join after the scheduled activation time, the UE may miss multicast data and for some uses cases it might be essential to receive the complete set of data. The UE can decide to leave at any time, but in case a series of activation times is announced, and the UE is interested in all the sessions, the UE is expected not to leave in between. But also in this case the UE can leave based on the UE interest: 
[bookmark: _Hlk126761149]Observation 3: In case a series of scheduled activation times is announced for a session, the UE joins or leaves the session based on the UE interest. But when the UE is interested to receive all the data the UE is expected to join at the first scheduled activation time and leave after all the data has been received (e.g. using stop time in the service announcement, NW requested leave or NW session release).
A UE in eDRX or MICO mode is not expected to join a session early and be rejected, when a scheduled activation time has been configured. 
Paging
SA2 proposes that the UE, which already joined the multicast session, starts to listen to Paging at the start/activation time for a duration left to the UE implementation. When the UE then receives the group page, the UE would transition to RRC_CONNECTED. This is following the Rel-17 approach that UEs are notified via Paging of the session activation. But in this case the activation times are scheduled, and the UE can just go to RRC_CONNECTED at the configured time in the UE. Paging resources are wasted when the UE is paged at the scheduled activation times: 
[bookmark: _Hlk126826381]Proposal 1: Ask SA2 if paging can be avoided, i.e. the UE transitions to RRC_CONNECTED at the scheduled activation time (both in case the UE already joined or when the UE still has to join). 
The series of scheduled activation times are introduced in Rel-18, and it is assumed that the upper layers will provide this indication at the scheduled activation time to AS layer. 
In the service announcements from the application server there is no version control, and the server is not aware of the UE capabilities, i.e. whether the UE supports the new parameters. New functionality is added on top of the existing functionality in a backwards compatible way. In case the Rel-17 start time is configured in addition to a series of scheduled activation times, then the UE should ignore the start time. 
In case it is up to UE implementation for how long to monitor paging, the UE implementation could decide to monitor only a single PO. This disables the gNB to send multiple paging messages for reliability, and it introduces a risk that the UE misses paging (e.g. due to the loose HFN synchronization which is left to the CN implementation how to handle). In case paging would be used a Paging Transmission Window (PTW) needs to be configured, similar as with eDRX. 
Proposal 2: Ask SA2 to use paging with a PTW only when a tentative activation time is configured and the UE already joined the session, after which the UE goes back to sleep when the session is not activated and the UE did not receive a group Page. 
Congestion
[bookmark: _Hlk126753879]Via service announcement the UE will receive the scheduled activation time(s) e.g. when to join the session or if the UE already joined to transition to RRC_CONNECTED. The scheduled activation time is a date and time in UTC format, e.g. (YYYY-MM-DD) and time (hh:mm:ss) [3]. The granularity is in seconds. The SNTP time synchronization requirement for an MBS UE is also +\- 1 second [4]. 
[bookmark: _Hlk126753958]When a large group of UEs are requested to transition to connected mode at exactly the same time, then this will cause congestion and delay the time until all UEs have entered RRC_CONNECTED. Due to the UE clock inaccuracy and the time granularity the UEs will not end up on exactly the same PRACH occasion, but the access attempts will be highly concentrated. Normally, when NAS sends a request (e.g. to Join) and the UE is in RRC_IDLE, then the UE initiates access by sending a preamble in the next available PRACH occasion[footnoteRef:1] (38.321). The next available PRACH occasion depends on the PRACH configuration in SIB1 (e.g. PRACH configuration index referring to lookup Tables in 38.211).  [1:  The UE shall select randomly from the consecutive PRACH occasions within a subframe/PRACH slot, as defined in section 8.1 in 38.213.] 

[bookmark: _Hlk126752355]Congestion is avoided when an access window is configured during which the UEs access, i.e. when the access are spread out. An access window TAccessWindow (seconds) can be configured in additional to the activation time(s) TActivationTime in the service announcement: 
[image: ]
Instead of initiating PRACH selection immediately, the UE
[bookmark: _Hlk126752473]Proposal 3: After receiving the TAccessWindow from the upper layers the UE initiates PRACH selection in a random frame TAccessWindow later.
The CN can also configure different activation times in the UEs and try to spread the UEs out that way. But this spreading can only be implemented with a second granularity which includes many PRACH occasions over which the UEs could be distributed to avoid congestion. 
The CN can configure an access window based on the group size. The CN also knows the group size on a cell level (UEs last know cell) and the CN may configure the same or a different access window in each UE (cell). 
Multicast transmission start
For paging and eDRX it is specified in 24.501 that the CN transmits the PAGING message a short time before the PTW start to the RAN:  
the network initiates the paging procedure at T time ahead of the beginning of the next paging time window.
NOTE:      T time is a short time period based on implementation. The operator can take possible imperfections in the synchronization between the 5GCN and the UE into account when choosing T time.
For different reasons, e.g. due to time synchronization in the UE and signalling delays (NAS signalling to Join and RRCReconfiguration to configure an MRB), the CN should not initiate downlink transmission immediately after the activation time, but the CN should start multicast transmissions a little later, perhaps also taking into account the group size. Similar as with Paging the actual time until transmission is started can be left to implementation:
[bookmark: _Hlk126752807]Proposal 4: Ask SA2 to add a NOTE that the activation time (TActivationTime) is configured ahead of the first multicast downlink transmissions, and that this short period is based on implementation.
Inactivity
When all the UEs have entered RRC_CONNECTED, joined the session, and have an MRB configured then the UEs have to wait for the start of the multicast transmissions. The UE may have entered RRC_CONNECTED solely to receive multicast, and the UE may not have a DRB established. The dataInactivityTimer in the UE is restarted every time when multicast data is received (38.321) and similar observation can be made for the inactivity timer in the gNB to release the RRC connection. The configuration of the RRC inactivity timer is up to gNB implementation and for example may range between 2-10 sec. The CN is not aware of RRC inactivity timer used in RAN, and if the multicast transmissions is delayed too much, the gNB may release the UE before the multicast transmissions even have started. 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 5: 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. 
The TAccessWindow will cause some UEs to transition to RRC_CONNECTED earlier to smooth out the total number of access attempts. But the overall delay for all UEs to enters connected mode before multicast data transmissions can start is shortened because congestion is avoided, and access attempts are less frequent repeated.  
Multicast reception in RRC_INACTIVE
When the UE in RRC_INACTIVE is configured with eDRX and has a valid PTM configuration of the multicast session (e.g. received in RRC_CONNECTED or from MCCH), then the UE can start to monitor the G-RNTI of the multicast sessions at the scheduled activation time (TActivationTime): 
[bookmark: _Hlk126754930]Proposal 6: When the UE in RRC_INACTIVE is configured with eDRX and has a valid PTM configuration then the UE starts monitoring the G-RNTI of the multicast sessions at the scheduled activation time (TActivationTime).
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS multicast with eDRX and MICO mode: 
Observation 1: In Rel-17 it is up to UE implementation when to join a session.  
Observation 2: In Rel-17 the activation and deactivation times are not known in advance.   
Observation 3: In case a series of scheduled activation times is announced for a session, the UE joins or leaves the session based on the UE interest. But when the UE is interested to receive all the data the UE is expected to join at the first scheduled activation time and leave after all the data has been received (e.g. using stop time in the service announcement, NW requested leave or NW session release).
Proposal 1: Ask SA2 if paging can be avoided, i.e. the UE transitions to RRC_CONNECTED at the scheduled activation time (both in case the UE already joined or when the UE still has to join). 
Proposal 2: Ask SA2 to use paging with a PTW only when a tentative activation time is configured and the UE already joined the session, after which the UE goes back to sleep when the session is not activated and the UE did not receive a group Page. 
Proposal 3: After receiving the TAccessWindow from the upper layers the UE initiates PRACH selection in a random frame TAccessWindow later.
Proposal 4: Ask SA2 to add a NOTE that the activation time (TActivationTime) is configured ahead of the first multicast downlink transmissions, and that this short period is based on implementation.
Proposal 5: 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. 
Proposal 6: When the UE in RRC_INACTIVE is configured with eDRX and has a valid PTM configuration then the UE starts monitoring the G-RNTI of the multicast sessions at the scheduled activation time (TActivationTime).
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