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Introduction
In this contribution open issues are discussed when the UE is in idle or inactive mode and wants to receive broadcast or multicast session. More specifically the following topics are discussed:
The MBS channels used for reception of broadcast session in idle/inactive mode:
· Notification channel (Paging vs MCCH)
· Control channel (System Information vs MCCH)
· Traffic channel (MTCH or other)
Reception of broadcast session in connected mode (FFS) is also discussed. 
When the UE has joined a multicast session, but the session is started (much) later, and the UE is switched to idle/inactive mode due to inactivity of unicast traffic, in such case the UE needs to be notified when the multicast session is about to start. For this use case when the multicast UE waits in idle/inactive mode for the multicast session to start it is discussed: 
· Notification channel (Paging vs MCCH)
· Control channel (System Information vs MCCH)
· Traffic channel (MTCH or other)
Reception of multicast in idle/inactive mode during congestion is discussed in a separate contribution [1].
[bookmark: _Toc242573354]Background
During RAN2#112-e the following agreements were reached for MBS channels used for broadcast reception [1]:
UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc). A notification mechanism is used to announce the change of MBS Control information.
RAN2 agreed that multicast can be received in connected mode (FFS multicast reception in idle and inactive mode). And RAN2 agreed that broadcast can be received in idle and inactive mode (FFS broadcast reception connected mode). These aspects are also discussed in email discussion #069:
[Post112-e][069][MBS] Delivery mode 2 (MediaTek)
	Scope: Progress on solutions CP focus: MCCH or not for PTM configuration. PTM configuration change notification.
	Intended outcome: Report with agreeable proposals / identified open issues
	Deadline: Long
RAN1 has discussed lower layer aspects of the MBS traffic channel during RAN1#103-e (group common PDCCH, beams, (initial) BWP, frequency resources, etc) [2]. 
Discussion
MBS channels for broadcast reception in idle/inactive
In the following the notification, control and traffic channels for broadcast session are discussed. 
Broadcast notification channel
For broadcast it needs to be discussed if there is a need for a notification channel, i.e. does the UE need to be explicitly notified that a broadcast session is about to start (and stop)? The UE can receive broadcast in idle/inactive mode and does not need to transition to connected mode to receive the broadcast session. Furthermore the UE may be (pre-)configured with a USD/ESG info which provides information about the available broadcast sessions and possibly also about the start times. There can also be service announcement on the higher layers, which provides this type of information: 
Observation 1: The UE may be (pre-configured) with USD/ESG info or service announcement on the higher layers may provide information about the available broadcast session (and possible start times).
It is not clear if the UE needs to be explicitly notified about the start of a broadcast session e.g. via Paging or MCCH. In case of TV services, one can imagine a range of TV channels for which programs frequently are started and stopped, i.e. the possible signalling aspects need to be considered.
It is noted that the start of a broadcast session can potentially also implicitly be derived from the presence of the broadcast PTM configuration on the MBS control channel (BCCH or MCCH FFS). In our view this is the preferred way forward:
Proposal 1: There is no need for a broadcast notification channel. The UE can check the broadcast session availability (incl start/stop) on the MBS control channel based on the presence of the broadcast PTM configuration. 
As indicated above, the UE can potentially reduce MBS control channel acquisition based on higher layer USD/ESG/service announcement information. 
NOTE: whether a broadcast PTM configuration of an active broadcast session can change should be discussed separately.
[bookmark: _Hlk58152083]Broadcast control channel
There is an obvious need for a broadcast control channel, e.g. to indicate which broadcast sessions are being transmitted (broadcast Session ID), and to provide a PTM configuration for that. In our view, we do not see the need to introduce a new MCCH logical channel for this, i.e. this information can be provided in the existing System Information (SI) framework, reducing the implementation effort. It is proposed to introduce a new SIB for MBS. 
Proposal 2: The broadcast control information (e.g. broadcast Session ID and PTM configuration) is provided in a new MBS SIB in system information.
As discussed above we do not see the need for notification of broadcast session start or start. This means that when the broadcast PTM configuration is added or removed from SI the UE is not notified via systemInfoModification indication in Paging. Frequents session start/stop may cause a high paging load. It is proposed to limit the notifications via Paging when the information of an active broadcast session is changed: 
Proposal 3: For the MBS SIB notification of systemInfoModification via Paging is only used when the information of an active broadcast session is changed. 
In case the broadcast configuration is the same in neighbour cells it is beneficial for the UE to configure an area-specific MBS SIB:
Proposal 4: The MBS SIB can be configured area-specific.
It is possible that there is no UE in the cell interested to receive broadcast session. But it is assumed that in case the broadcast service is deployed in a service area, that that typically there would be a demand for such service. But perhaps a service is not provided during off-peak hours. 
The multicast UE, that is in Idle/Inactive waiting for the multicast session to start, has to check the MBS SIB when it is paged that the multicast session starts. In such case the UE would need to request the on-demand SIB first, when not broadcasted: 
Proposal 5: RAN2 to discuss if there is a need for an on-demand MBS SIB.

Broadcast traffic channel
In LTE the MTCH traffic channel is used to carry the multicast/broadcast data. The UE in idle/inactive mode is monitoring the MTCH when the onDurationTimer or drx-InactivityTimer are running configured for the GRTNI, i.e. during the Active Time of the GRNTI (36.321):  
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The drx-InactivityTimer is restarted when DL data scheduled with the GRNTI is received. Up to 1031 SC-MTCHs can be configured in the cell for each MBMS session (GRNTI) with its own DRX parameters: 
Proposal 6: The MTCH traffic channel is used as a baseline for broadcast traffic channel.
Broadcast reception in connected
In our view there is no strong reason to support broadcast reception in connected mode. The UE is expected to typically receive broadcast in idle or inactive. RAN2 also agreed that the UE is not required to transit to connected mode to receive the broadcast PTM configuration: 
UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc). A notification mechanism is used to announce the change of MBS Control information.
Furthermore when the UE is receiving broadcast session in idle/inactive, and transits to connected mode for another reason, e.g. because there is a unicast call, then it is preferred/acceptable to continue broadcast reception when the unicast call is over, i.e. it is not clear if there is a need to support broadcast reception with connected mode activities. 
The broadcast session in idle/inactive mode is configured on the initial BWP  (or a wider BWP overlapping the initial BWP), but the UE in connected mode is typically configured on a dedicated BWP that may not overlap with the initial BWP. The NW should not be required to configure broadcast PTM on the all dedicated BWP(s) to enable broadcast reception in connected mode, and broadcast reception in connected mode should not depend on BWP switching. Instead the UE should be capable to simultaneous receive the BWP used in idle/inactive for broadcast reception, and the dedicated BWP used in connected mode: 
Proposal 7: To enable broadcast reception in connected mode the UE, based on UE capability, shall be capable to simultaneous receive the BWP used in idle/inactive for broadcast reception, and the dedicated BWP used in connected mode for unicast reception. 
UE waits in idle/inactive mode for multicast session to start
Multicast notification channel 
The UE needs to join a multicast group to enable reception of a multicast MBS session. By joining a multicast group the UE indicates that it is interested to receive the multicast session. A multicast context is added to the UE context when the UE joins the multicast group, which enables the NW to know which UEs in connected mode are interested to receive the multicast session. The UE may have joined the multicast group (long time) before the multicast session starts, and the UE may have moved to Idle/Inactive mode due to unicast inactivity. The UE thus needs to be paged when the multicast session is about to start to get the UE into connected mode when the UE has switched to idle/inactive.
UE individual paging is not scalable for this use case, i.e. the CN may have to page all multicast UEs in the complete registration area (idle), and RAN may have to page all multicast UEs in the complete RNA (inactive):
Observation 2: UE individual paging is not scalable for multicast use case.
Thus some form of group paging is needed to limit the paging signalling load:
Proposal 8: Group paging is used to notify UEs in idle/inactive mode that want to receive multicast.
A possible solution is further detailed in the following text: 
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1: Service announcement via higher layers informs the UE about which multicast sessions are available (MBS Session ID), and other session info may be provided. 
2. The UE decides to join a multicast session (MBS Session ID) when it is interested to receive the multicast session. The CN is thus aware that this UE is interested to receive this multicast session (i.e. a multicast context is stored for this UE). 
3: The multicast session is started after the UE has joined the session, and due to data inactivity the UE is released to CN_IDLE. The UE context is released in RAN, the CN is aware that the UE has switched to CN_IDLE and tracks the TA the UE is located in. 
4. When the multicast session is about to start, the CN notifies the gNBs that belong to the TA(s) in which UE are registered that are interested to receive this multicast session.
5a and b. The gNB updates the MBS SIB with the MBS Session ID that is about to start. The UEs in the cell are paged to indicate that there is a change for MBS in System Information (i.e. new bit in Short Message that there is an “MBS change”). Only UEs that support MBS will receive this bit, and only the MBS UEs that have joined a multicast session will check if their multicast session is about to start. 
6. The UE that has joined a multicast session acquires the updated MBS info from System Information.
7. If MBS session ID is indicated in the MBS SIB the UE transits to connected mode.
8. The (multicast) UE context is fetched, and the UE is configured with an MRB to receive the multicast session that is about to start.
9. CN indicates that the MBS session is started, and RAN resources are configured. 
10. Multicast data is sent by CN, and received by UE(s) configured with an MRB.  
Proposal 9: The CN notifies to the gNB that UEs in idle mode need to be paged when a multicast session is about to start.
The RAN paging by the gNB can use the same group paging solution. 
For broadcast it is proposed that UE checks MBS SIB to see if broadcast session is started, but for multicast paging (i.e. explicit notification) is proposed. This is because it is expected that UE knows when the broadcast session starts and when to check, or the UE just wants to check any available session. For multicast the availability is expected not be known beforehand, and more of a dynamic nature, i.e. multicast session are started based on demand (e.g. MCPTT). 
Group paging details
Group paging can be enabled in different ways. One straightforward approach, that is similar to the existing paging with SI modification, is to add a bit to the Short Message that indicates there is an MBS change. The multicast UE that has joined a multicast session will then check System Information about the change, and check if the multicast session that it has joined is about to start, based on the presence of the multicast session ID in system information. In such case the UE will transit to connected mode to receive the multicast session. Another approach is to scramble the MBS session ID in the Paging PDCCH, which enables the multicast UE to know which multicast session is about to start when it receives the Paging PDCCH. The pros and cons of those two alternatives are discussed further below:
MBS change bit in Short Message
When a multicast session starts a legacy UE will also receive the Paging PDCCH, but it will not act on it. There is negligible impact on the UE power consumption, because the main power consumption is the paging PDCCH monitoring, which the UE anyways has to do, and the paging PDCCH reception/processing is negligible. 
The multicast UE has to check system information whether the multicast session it is interested in to receive is about to start. However it is expected that multicast sessions do not start that frequently, i.e. this could be acceptable. 
MBS session ID scramble in Paging PDCCH
The advantage of this approach is that the UE already knows which multicast session is about to start when it receives the Paging PDCCH. The Paging PDCCH is only received by an multicast UE. 
The NW may use the full channel bandwidth for Paging PDCCH to reach all UEs in the cell reliably, e.g. at the cell border. In case the gNB needs to page a multicast UE and a legacy UE at the same time, then only one of them can be paged at a time and the other one is delayed another DRX cycle, with the possibility of the same type of collision in the next Paging Occasion (PO). This problem can be solved if legacy and multicast UEs would use different POs. It is possible to configure a PO exclusively for MBS change indication. The network would only have to page in a single PO during a DRX cycle, while with MBS change indication the NW has to page in each PO during a DRX cycle to each all UEs. The multicast UE has to monitor both the “multicast” PO and the normal paging PO. 
There are pros and cons with each approach, but we think that MBS change indication in Short Message is a more straightforward approach: 
Proposal 10: Group paging for multicast uses MBS change indication in Short Message.
Multicast control channel
There is no need for a multicast control channel for UEs in connected mode, i.e. when the UE is in connected mode, and the UE has joined a multicast session, and the multicast session is about the be started/activated, then the UE is configured with the multicast configuration to enable multicast reception.
When the UE is in idle/inactive mode and the multicast session is about to start, then the UE is paged to trigger transition to connected mode: 
Proposal 11: There is no need for a control channel with multicast.
Multicast traffic channel
The DRX aspects for the multicast traffic channel are also discussed under group scheduling [3]. The monitoring requirements for the PDCCH scheduled with GRNTI are defined though the Active Time defined for MBS. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss open issues when the UE is in idle or inactive mode and wants to receive broadcast or multicast session: 
Proposal 1: There is no need for a broadcast notification channel. The UE can check the broadcast session availability (incl start/stop) on the MBS control channel based on the presence of the broadcast PTM configuration. 
Proposal 2: The broadcast control information (e.g. broadcast Session ID and PTM configuration) is provided in a new MBS SIB in system information.
Proposal 3: For the MBS SIB notification of systemInfoModification via Paging is only used when the information of an active broadcast session is changed. 
Proposal 4: The MBS SIB can be configured area-specific.
Proposal 5: RAN2 to discuss if there is a need for an on-demand MBS SIB.
Proposal 6: The MTCH traffic channel is used as a baseline for broadcast traffic channel.
Proposal 7: To enable broadcast reception in connected mode the UE, based on UE capability, shall be capable to simultaneous receive the BWP used in idle/inactive for broadcast reception, and the dedicated BWP used in connected mode for unicast reception. 
[bookmark: _GoBack]Observation 2: UE individual paging is not scalable for multicast use case.
Proposal 8: Group paging is used to notify UEs in idle/inactive mode that want to receive multicast.
Proposal 9: The CN notifies to the gNB that UEs in idle mode need to be paged when a multicast session is about to start.
Proposal 10: Group paging for multicast uses MBS change indication in Short Message.
Proposal 11: There is no need for a control channel with multicast.
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