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1 Introduction

The Rel-17 WI on the support of NR Multicast and Broadcast Services [1], following design objective relate to RAN1 is defined for UEs in RRC_IDLE/ RRC_INACTIVE states: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this document, we provide discussions and our views related to support of 5G NR broadcast/multicast for UEs in RRC_IDLE/RRC_INACTIVE states. And in our companion contribution, we provide the discussions related to group scheduling mechanism to support broadcast/multicast services for RRC_CONNECTED UEs in [2], discussions related to improve reliability of broadcast/multicast services for RRC_CONNECTED UEs in [3].
2 Support of 5G NR Broadcast / Multicast for RRC_IDLE / RRC_INACTIVE UEs
In the last RAN1-102-e meeting, the discussion on support of 5G NR broadcast/multicast services for RRC_IDLE/INACTIVE UEs was de-prioritized, and it is expected that the RAN1 discussion on support of this issue mainly depends on the outcome solution of ongoing parallel RAN2/SA2 discussions.
Currently in RAN2 email discussions, two configuration solutions, namely Solution-A and Solution-B, are being discussed for supporting of RRC_IDLE/INACTIVE mode. With Solution-A, it intends to reuse the solution that is going to be defined for UE in RRC_CONNECTED mode in 5G NR, and with Solution-B it intends to reuse the EUTRA kind-of LTE SC-PTM configuration solution. Furthermore, regarding Solution-A, there are further two sub-solutions that were discussed in RAN2. With Solution-A1, to enable the MBS reception in RRC_IDLE/INACTIVE mode, the UEs have to move to RRC_CONNECTED mode to get PTM configuration beforehand. After the successful reception of the PTM configuration, the UEs can go back to RRC_IDLE/INACTIVE mode for the reception of MBS user data. With Solution-A2, the MBS reception is not supported for UEs in RRC_IDLE/INACTIVE mode, i.e. UEs need to transit to and stay in RRC_CONNECTED mode for MBS reception. The pros and cons of above solutions have also been discussed in the RAN2 email discussion [4]. To our best knowledge, up-to now, there is no final conclusion yet on which configuration solution is going to be chosen or taken into account further in RAN2 RRC_IDLE/INACTIVE mode design. Moreover, from RAN2 perspective, it is understood from plenary that broadcast needs be supported in Rel-17 MBS, but the open question is that whether it is benefits to support both broadcast and multicast services in RRC_IDLE/INACTIVE mode. To support broadcast only in RRC_IDLE/INACTIVE mode or support multicast only in RRC_CONNECTED mode may simplify the specification work on RAN2 design a lot by considering the limited working timeframe in Rel-17 MBS. Moreover, it is not clear if LTE kind of SC-MCCH should be specified for 5G NR in RAN2, and whether the SC-MCCH is sufficient for NR broadcast only.

Observation-1: There is no conclusion yet on which solution, i.e. Solution-A1, Solution-A2, or Solution-B, is going to be chosen in RAN2 RRC_IDLE/INACTIVE mode design.
Observation-2: It is still not clear whether there is the need to support both broadcast and multicast services in RRC_IDLE/INACTIVE mode.
Observation-3: It is not clear if LTE kind of MCCH will be specified for 5G NR and whether the SC-MCCH is sufficient for NR broadcast only. 

3 Discussion on support for RRC_IDLE / RRC_INACTIVE UEs

Based on the WID description for Rel-17 MBS [1], it is understood that the reliability improvement is a sub-bullet working item under RRC_CONNECTED state description, meaning that the reliability improvement is only targeting on the RRC_CONNECTED UEs. Thus, the reliability improvement for RRC_IDLE/INACTIVE UEs is deemed not part of Rel-17 MBS, and therefore there is no expectation to have any HARQ feedback related reliability improvement specifically for RRC_IDLE/INACTIVE UEs.
Observation-4: Based on the WID description for Rel-17 MBS [1], it is understood that the reliability improvement is only targeting on the RRC_CONNECTED UEs, and the reliability improvements for RRC_IDLE/INACTIVE UEs are beyond the scope of the Rel-17 MBS WI.

The outcome and configuration solution chosen from RAN2 discussion in [4] will have an impact on the RAN1 scheduling discussions for RRC_IDLE/INACTIVE UEs.
Considering Solution-A1, since the UEs are expected to go back to RRC_IDLE/INACTIVE mode for reception of MBS user data, the SC-MTCH related scheduling with BWP operation for RRC_IDLE/INACTIVE mode UEs need to be addressed. For RRC_IDLE/INACTIVE mode UEs, they can only camped in the initial BWP, and if different mode of UEs are deemed to be in the same PTM group, whether it must have the large initial BWP size in order to contain the common frequency resource as defined/configured for RRC_CONNECTED UEs need to be discussed. Technically, the initial BWP mainly camped by UEs for power saving purpose after expiring of BWP activity timer. Therefore, it may not be beneficial to always configure the initial BWP with large BWP size in terms of power saving purpose.
Considering Solution-A2, this solution seems to be the simplest solution to support MBS reception in RRC_IDLE/INACTIVE. A UE just needs to move to RRC_CONNECTED state in order to receive MBS. Thus, the outcome solutions defined for support of scheduling with RRC_CONNECTED can be reused for RRC_IDLE/INACTIVE UEs.

Considering Solution-B, if support for a SC-MCCH is agreed by RAN2, how to support the SC-MCCH scheduling with BWP operation should be further addressed. In order to minimise the BWP switching for RRC_IDLE/INACTIVE UEs to monitor the SC-MCCH, the SC-MCCH should be provided in the initial BWP. However, this raises a question on whether the capacity in the initial BWP is sufficient to accommodate SC-MCCH for all services noting that SC-MCCH can be scheduled in every 20ms in LTE [5].

Proposal-1: Discuss if there is enough capacity for SC-MCCH in the initial BWP for RRC_IDLE/INACTIVE UEs.
Moreover, even if the capacity of initial BWP is found sufficient to accommodate SC-MCCH, it should be noted that for SC-PTM defined in LTE, the MBMS UE receiving MBMS service is required to monitor the SC-MCCH at every modification period to detect whether the MBS service is stopped or not. If the avoiding of BWP switching is to be considered for reception of SC-MTCH and SC-MCCH, the SC-MTCH (i.e. group common PDSCH) has to be scheduled in the same BWP as SC-MCCH. This means that the initial BWP would need to accommodate both SC-MTCH and SC-MTCH for all services.

Observation-5: For avoiding BWP switching, the SC-MTCH (i.e. group common PDSCH) and SC-MCCH shall be provided in the same BWP.

However, for RRC_IDLE/INACTIVE UEs, there is generally very limited capacity size in the initial BWP with the size of CORESET#0. Considering the paging information might be also scheduled in the limited initial BWP for RRC_IDLE/INACTIVE UEs, it cannot be assumed that the initial BWP can accommodate SC-MCCH and all SC-MTCHs of all broadcast services. 
Proposal-2: Discuss how to support BWP operation for RRC_IDLE/INACTIVE UEs.

4 Conclusions

In this contribution, we have discussed basic functions to support 5G/NR multicast/broadcast for RRC_IDLE/INACTIVE UEs, and we have the following observations and proposals: 
Observation-1: There is no conclusion yet on which solution, i.e. Solution-A1, Solution-A2, or Solution-B, is going to be chosen in RAN2 RRC_IDLE/INACTIVE mode design.
Observation-2: It is still not clear whether there is the need to support both broadcast and multicast services in RRC_IDLE/INACTIVE mode.
Observation-3: It is not clear if LTE kind of MCCH will be specified for 5G NR and whether the SC-MCCH is sufficient for NR broadcast only. 

Observation-4: Based on the WID description for Rel-17 MBS [1], it is understood that the reliability improvement is only targeting on the RRC_CONNECTED UEs, and the reliability improvements for RRC_IDLE/INACTIVE UEs are beyond the scope of the Rel-17 MBS WI.

Proposal-1: Discuss if there is enough capacity for SC-MCCH in the initial BWP for RRC_IDLE/INACTIVE UEs.
Observation-5: For avoiding BWP switching, the SC-MTCH (i.e. group common PDSCH) and SC-MCCH shall be provided in the same BWP.

Proposal-2: Discuss how to support BWP operation for RRC_IDLE/INACTIVE UEs.
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