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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 [3], discussions related to changes to improve reliability of broadcast/multicast services in [4], and discussions related to simulations and evaluations of broadcast/multicast services in [5].
2 Discussion on support of 5G NR Broadcast / Multicast for UEs in RRC_IDLE/RRC_INACTIVE States:
As described in the WID for the support of multicast and broadcast service [1], technical standardization of “mixed mode” broadcast/multicast scheme is expected to be specified in Rel-17 NR. As stated in our companion contribution in [3], we believe that LTE single-cell PTM (SC-PTM) should be considered as the basis for this new NR broadcast/multicast transmission scheme. 
SC-PTM was introduced in Release 13 of the LTE specifications. A defining feature of this scheme is its reuse of the control/data physical channels defined for unicast/PTP transmission which helps enable efficient multiplexing flexibility between unicast and multicast/broadcast transmissions. For the original Release 13, SC-PTM was developed for file downloading and streaming use case. In later releases, various enhancements were specified to extend SC-PTM support to V2X and IoT devices.

Generally, SC-PTM corresponds to multimedia broadcast multicast services (MBMS) transmission in a single-cell coverage. For SC-PTM in LTE, UEs in a cell receive MBMS services regardless of their RRC state, meaning that a UE in RRC_IDLE state and a UE in RRC_CONNECTED state can simultaneously receive the MBMS service. For each MBMS service, a unique TMGI is pre-allocated and provided to UEs by higher/application layer. At the physical layer, the MBMS services provided by the network via PDSCH that is scheduled by a DCI scrambled by the G-RNTI transmitted in a common search space. To receive the MBMS service, the UE first needs to know the SC-PTM configuration message, which carries all the scheduling information for each MBMS session services, i.e. when each session may be scheduled, transmission repetition factor, TMGI to G-RNTI mapping, DRX configuration, etc. The SC-PTM configuration message is transmitted across a PDSCH and that is scheduled by a DCI (scrambled by the SC-RNTI) sent in a common search space. The logical channel SC-MCCH carries SC-PTM configuration message. The UE acquires the timing information for the SC-MCCH transmission through SIB20. In the event of content change of logical channel SC-MCCH due to start of an MBMS session, the UE could monitor the change notification via higher layer configured SC-N-RNTI.
Considering SC-PTM in NR with the aim of maintaining maximum commonality between the RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE states for devices receiving multicast/broadcast traffic, the physical layer procedure for LTE SC-PTM described above could be used as a baseline for 5G multicast and broadcast discussions, for both UE in RRC_CONNECTED and UE in RRC_IDLE/RRC_INACTIVE states.
Proposal-1: Physical layer procedure for LTE SC-PTM should be used as a baseline for support of 5G NR multicast and broadcast, for both UEs in RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE states.
Furthermore, different from LTE, bandwidth part (BWP) and the corresponding operation is specified in NR for supporting UE bandwidth adaptation to reduce device power consumption. A UE can be configured with up to 4 carrier BWPs, and only one carrier BWP can be active at a given time. Which means that UEs in different RRC states, which are interested to receive the same MBMS service, might be in different carrier BWP in a cell. Therefore, there is a need to discuss on how to receive the same MBMS transmission service for UEs in different RRC states active in different BWP for NR SC-PTM transmission. If assuming, there is still the single SC-PTM transmission in a cell (as in legacy LTE SC-PTM) for both users in RRC_IDLE/INACTIVE and RRC_CONNECTED states, the BWP of which to schedule the SC-PTM transmission need to be discussed.
Observation-1: UEs in different RRC states might be in different carrier BWPs in a cell to receive the same MBMS service.
Proposal-2: Discussion on NR BWP operation to support SC-PTM.
Moreover, considering the objective to improve reliability of broadcast/multicast service, e.g. by UL feedback, as stated in WID [1], which is explicitly listed among the objectives for the functions related to UEs in RRC_CONNECTED state, and the objective to support UEs in different RRC state raises a number of questions. For example, for a service that may be received by UEs in any RRC state, is there any benefit of improving reliability based on UL feedback from UEs in the RRC_CONNETED state only? Could the improved reliability of (broadcast)/multicast apply only to scenarios in which the network keeps all UEs receiving multicast in the RRC_CONNECTED state? Generally, the UE in RRC_IDLE/INACTIVE state is uplink out-of-synchronization, where the UL feedback via UL transmission is not straightforward as UE in RRC_CONNECTED state. Considering especially when UEs of RRC_IDLE/INACTIVE and RRC_CONNECTED states receive the same/single SC-PTM transmission, how to handle the UL feedback to improve the reliability of broadcast/multicast service for UEs in different RRC states need to be studied and discussed.

Proposal-3: Discussion on how to handle the UL feedback to improve the reliability of broadcast/multicast service for UEs in different RRC states, (including RRC_IDLE/INACTIVE and RRC_CONNECTED states).
3 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 proposals: 
Proposal-1: Physical layer procedure for LTE SC-PTM should be used as a baseline for support of 5G NR multicast and broadcast, for both UEs in RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE states.
Observation-1: UEs in different RRC states might be in different carrier BWPs in a cell to receive the same MBMS service.
Proposal-2: Discussion on NR BWP operation to support SC-PTM.
Proposal-3: Discussion on how to handle the UL feedback to improve the reliability of broadcast/multicast service for UEs in different RRC states, (including RRC_IDLE/INACTIVE and RRC_CONNECTED states).
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