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1. Introduction
In the last RAN2 meeting, only the following observation was made based on the discussion on MBS reception for Idle and Inactive mode UEs: 
Chair observations: Many proposals to reuse (to significant extent or even 100%) LTE SC-PTM for Idle/Inactive for NR. Some companies suggest to do control etc. in connected also for Idle/Inactive delivery.


In this paper, we will further discuss the solutions for the MBS service reception.
2. Discussion
2.1. Relationship between the RRC states and QoS requirements for the multicast reception 
As mentioned in the WID on NR Multicast and Broadcast Services [1], there are various NR MBS use cases, i.e. public safety and mission critical services, V2X applications software delivery over wireless, group communications and IoT applications, etc. The various use cases have different QoS requirements, including the flow bit rate, packet delay budget, error rate, etc. According to the LS [2] from SA2, SA2 has made the following agreement tentatively.
 SA2 would like to kindly inform RAN2 and RAN3 the following interim agreements in SA2:
-	SA2 will develop means to provide QoS requirements for an MBS Session to RAN nodes.



And the SA2 asked in the LS [2] about: 
a. UE within a multicast MBS session shall stay in CM-CONNECTED state,
b. UE can receive data of a multicast MBS session also while in CM-IDLE state.
From the perspective of RAN2, it is worth considering the impact of the various QoS requirements on multicast reception for UEs. As most of the companies agreed in the email discussion, Idle/ Inactive UE is supported for the reception of broadcast service. In this part, we will focus on the relationship between the RRC states and QoS requirements for the multicast reception. 
In order to fulfil the QoS requirement of different multicast services, different resources and configurations might be issued by the network. For the multicast service with relatively high QoS requirements, to guarantee the end-to-end service quality, the network shall minimise the data loss and error rate, maintain flow bit rate, reduce the service interruption occurrences and duration, etc. To address the above requirements, the network may require feedback from the UE that is receiving the multicast service, i.e. via HARQ or high layers feedback. The network may also schedule the particular resources that could satisfy the required transmission flow bit rate. To maintain a relatively high service quality, in some scenarios, the network shall control the switch between the PTM and PTP mode for the MBS reception while the UE is moving e.g. from one beam to another. The network may not be capable of delivering the multicast service in a QoS-guaranteed manner for a UE in RRC Idle mode due to the absence of the tools mentioned above, e.g. UE’s feedback, etc.
For the multicast service with relatively low QoS requirements, the network may be able to maintain the service quality without requiring the UE to stay in connected state. In this case, the UE should be allowed to be in RRC Idle/ Inactive state while receiving that multicast service. 
The operator policy is another potential factor determining the RRC state of the UEs for the multicast service reception. The network operator may require the UE to receive multicast service(s) in RRC connected state for some reason, i.e. the network deployment, charging issues, etc. 
[bookmark: _Ref53997936][bookmark: _Ref53685222]Observation 1. The required RRC state for MBS service reception depends on the QoS requirements of the service and the operators’ policy. 
Table 1 Solutions and the corresponding Applicable Services
	
	Characteristics 
	Applicable Service 

	Broadcast solution (including broadcast session in CN and broadcast procedure defined in CN and RAN)
	· Support Connected, Inactive and Idle state reception
· Cell-based delivery
· No joining procedure in CN (for application layer multicast service, the joining procedure may happen in the application layer)
	· Broadcast service 
· Multicast service (in application layer) with low QoS requirements

	Multicast solution (including multicast session in CN and multicast procedure defined in CN and RAN)
	· Support RRC Connected state reception only
· UE group-based delivery
· Joining procedure required in CN
· HARQ feedback and retransmission
· Mobility enhancements
	· Multicast service with high QoS requirements



Regarding the above analysis, the UE could be in Idle/ Inactive mode for the reception of a multicast service with a relatively low QoS requirement. From the perspective of RAN, the service delivery to the UEs in Idle/ Inactive mode could be realised in the same way as for a broadcast service. 
The difference between broadcast and multicast communications service is that for broadcast all UEs in an area where the service is provided are authorized to receive the service while for multicast only a subset of UEs are authorized to receive the service. It is assumed that for the UEs that are interested in multicast service, the UEs’ interests and their location in the network (e.g. within a cell) shall be registered in the corresponding service server. For the multicast with relatively low QoS requirement, the server may decide to deliver the service using the 3GPP broadcast based solution, and from 3GPP perspective the service would be seen as a broadcast service. The solution could be similar to legacy SC-PTM. The multicast server could generate a list of cells in which the service shall be provided. The cell list could be generated based on any information that the multicast server might have about interested UEs and could be sent to the CN, and then CN contacts the gNBs controlling cells in the list. Once the broadcast MBS session starts, the involved gNBs may start delivering the MBS application-layer multicast service in the corresponding area, but using the broadcast solution in RAN. Consequently, the multicast service that does not require connected mode reception (lower QoS requirement) could be provided in the broadcast way. 
[bookmark: _Ref54022425]Proposal 1. The multicast service that is allowed to be received in Idle/ Inactive mode (e.g. with lower QoS requirement) can be seen as a broadcast service from 3GPP perspective, and can be configured and delivered using a broadcast session as a baseline.
2.2. Broadcast Solution 
As discussed above, the UEs that are in Idle/ Inactive state should be allowed to receive broadcast services (including some multicast services in application layer with relatively low QoS requirements). To enable the reception of the broadcast services, currently most of the companies were in favour of solution B and B variant in the email discussion. The basic concept of the solution B and B variant is to use broadcast signalling to provide MBS configuration to the UEs. Option B proposed to reuse the SC-PTM approach as a baseline, i.e. provide MBS configuration using a dedicated control channel, e.g. MCCH. Option B variant on the hand suggested to provide the configuration in SIB instead of a separate dedicated control channel. The first option is a well-established approach, which has the advantage of avoiding any impact on legacy UEs and giving the network more flexibility e.g. with respect to how often and how fast the control information can be updated for MBS. This is also the option which gained highest support during the email discussion. Hence, we believe the configuration of MBS services which can be received by the UEs in idle/inactive state should be provided via MCCH channel broadcasted by the network, i.e. it follows the LTE SC-PTM approach as a baseline. The notification of the change of MBS configuration can be done by the legacy MCCH change notification as a baseline.
[bookmark: _Ref54022427]Proposal 2. The configuration of broadcast which can be received by the UEs in idle/inactive state is provided via MCCH channel broadcasted by the network, i.e. it follows the LTE SC-PTM approach as a baseline.
Proposal 3: The notification of the change of MBS configuration can be done by MCCH change notification as a baseline.
2.3. Multicast solution 
Regarding the question asked by SA2 in the LS [2] about the multicast solution: 
a. UE within a  multicast MBS session shall stay in CM-CONNECTED state,
b. UE can receive data of a multicast MBS session also while in CM-IDLE state.
c. UEs can transition into CM-IDLE while no multicast MBS data are transmitted. 
d. Some solutions propose that 5G CN may trigger notification to CM-IDLE and/or CM-CONNECTED mode UEs (e.g. paging CM-IDLE mode UEs) for establishing transmission resources for an multicast MBS session when data of an multicast MBS session are ready to be delivered. 
e. Some solutions propose that the multicast MBS session can be deactivated by the network while no multicast MBS data are transmitted to save power. 
f. Some solutions propose that the network can activate the multicast MBS session and trigger notification to UEs when multicast MBS data are transmitted again.
When a UE joins a multicast MBS session, the multicast MBS session should be first established from CN to the UE’s serving gNB. When there is no data to be transmitted for this multicast MBS session, there are two ways for the network to handle the multicast session:
· Option-1: The CN keeps the multicast MBS session (up to SA2 whether to define any activation/deactivation mechanism for the multicast MBS session) when there is no data ongoing. As the baseline, the UE can be kept in RRC_CONNECTED state, or be released to RRC_INACTIVE state when there is no data for this multicast session. (Note that both RRC_CONNECTED and RRC_INACTIVE states are CM_CONNECTED). When there is MBS data in this multicast session again, the gNB can transmit the data directly to the connected UEs, or perform legacy RAN-based paging for inactive UEs without any CN action.
· Option-2: The CN releases the multicast MBS session when there is no data transmitted. As a result, the UE could be released to RRC_IDLE by the gNB after the MBS session is released. When there is data coming for this multicast session, the CN should first notify the idle UE (via CN paging or MCCH change notification) to join and establish the MBS session. 

Option 1 requires CN to keep the multicast MBS session when there is no data transmitted, but simplifies the procedure significantly. 
In Option 2, CN can release the multicast session, but it would require CN paging or MCCH change notification like solutions when the UE has been released to RRC_IDLE. If MCCH change notification based solution is adopted, some new issues should be addressed if the UE reselects to another cell, for example, how CN notifies the UE in this case. If CN paging based solution is adopted, there may be two solutions for service notification between multicast and broadcast solutions.
Basically, we think keeping the multicast MBS session in CN when there is no data temporarily should not be a big issue, so Option-1 can be adopted as baseline at least in Rel-17. 
[bookmark: _Ref54100586]Proposal 4. For the multicast solution, RAN may keep the UE in RRC_CONNECTED, or release the UE to RRC_INACTIVE when there is no data for the MBS session temporarily, as long as the multicast MBS session is established. When there is data coming for the multicast session, RAN will notify the inactive UEs using the legacy RAN-based paging. 
Regarding activation/deactivation of a MBS session, which is mostly an SA2 issue, the impacts to RAN is related to RAN behaviors when the multicast session is deactivated. If RAN keeps the UE in RRC_CONNECTED or RRC_INACTIVE, i.e. CM_CONNECTED, there is no issue in RAN and the legacy RAN procedure can be reused. If RAN releases the UE to RRC idle state, there would be problems if the UE reselects to another cell, e.g. how to notify the UE when the multicast session is activated again. As proposed in Proposal 4, the multicast MBS session is still established even if it is deactivated, so the UE should be kept in RRC_CONNECTED or RRC_INACTIVE (i.e. CM_CONNECTED) as the baseline.
Proposal 5. Activation/deactivation of multicast MBS session should be decided by SA2. The UE should be kept in RRC_CONNECTED or RRC_INACTIVE but cannot be released to RRC_IDLE when the Multicast MBS session is established but deactivated.
Service continuity of Idle/ Inactive UE
In LTE, a UE that is receiving/ interested in MBS service(s) is allowed to prioritise the frequency where it is able to receive MBS service, e.g. based on the information provided via SIB15 or knowledge of the proper MBMS frequency via other means. Furthermore, the information about intra-frequency and inter-frequency neighbouring cells providing a specific service can be provided in SC-MCCH in LTE. In the e-mail discussion, most of the companies also indicated that the NR MBS service can be deployed on a cell basis, i.e. the service does not have to be provided on the same frequency in the whole service area. In our point of view, to allow for service continuity in RRC IDLE/INACTIVE, the legacy LTE frequency prioritization for cell reselection could be applied even in a scenario where the MBS service is not homogenously deployed on a certain carrier in a geographical area. However, to help the UE in choosing the proper frequency to prioritize, the information about the frequencies providing a certain service could be provided via SIB, similar to SIB15 in LTE. This information will help the UEs that are receiving/ interested in broadcast service(s) to move to the frequency in which the corresponding service is available. At the same time, the cell reselection criteria within the chosen frequency should not be changed to avoid the situations where the UE camps on not the strongest cell, leading to additional interference in the network.
[bookmark: _Ref54022429][bookmark: _Ref54100587][bookmark: _GoBack]Proposal 6. Information about the frequencies where the MBS service is provided should be included in SIB. Based on this information, a UE may prioritize the frequency where the MBS service of interest is provided. 
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1. The required RRC state for MBS service reception depends on the QoS requirements of the service and the operators’ policy. 
Proposal 1. The multicast service that is allowed to be received in Idle/ Inactive mode (e.g. with lower QoS requirement) can be seen as a broadcast service from 3GPP perspective, and can be configured and delivered using a broadcast session as a baseline.
Proposal 2. The configuration of broadcast which can be received by the UEs in idle/inactive state is provided via MCCH channel broadcasted by the network, i.e. it follows the LTE SC-PTM approach as a baseline.
Proposal 3: The notification of the change of MBS configuration can be done by MCCH change notification as a baseline.
Proposal 4. For the multicast solution, RAN may keep the UE in RRC_CONNECTED, or release the UE to RRC_INACTIVE when there is no data for the MBS session temporarily, as long as the multicast MBS session is established. When there is data coming for the multicast session, RAN will notify the inactive UEs using the legacy RAN-based paging. 
Proposal 5. Activation/deactivation of multicast MBS session should be decided by SA2. The UE should be kept in RRC_CONNECTED or RRC_INACTIVE but cannot be released to RRC_IDLE when the Multicast MBS session is established but deactivated.
Proposal 6. Information about the frequencies where the MBS service is provided should be included in SIB. Based on this information, a UE may prioritize the frequency where the MBS service of interest is provided. 
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