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During RAN#88e meeting, the revised WI on NR MBS has been approved with the following objectives [1]. There are mainly three objectives related to RAN1.
1. Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs;
2. Specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs;
3. Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states.
In this contribution, we focus on RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/RRC_INACTIVE. As this objective is led by RAN2, only some high-level considerations from our side are presented in this RAN1 contribution.
	The set of objectives includes:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· 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. 



Discussion
Broadcast and Multicast
Broadcast is applied to transmit the information which may be useful for all the UEs within this cell or within certain area. In this sense, gNB doesn’t need to know which UEs are receiving this broadcast information and gNB can just transmit it as there may be new UEs entering this cell/area, who is interested in this broadcast information. Thus, all UEs in the cell/area, including RRC_IDLE/RRC_INACTIVE UEs, can receive broadcast information.
Multicast is applied to transmit the information which may be useful for a group of UEs. It is up to the network to how to group these UEs that are interested in this information. For example, network may group UEs with the same beam direction. Usually, network needs to know some background information of the UE in order to appropriately group the UEs. The information can include at least, channel status, beam direction and UE capability, etc. In this sense, network may not provide multicast service for RRC_IDLE UEs and RRC_INACTIVE UEs as network doesn’t have this kind of information for RRC_IDLE/RRC_INACTIVE UEs.
Proposal 1: UEs under RRC_IDLE or RRC_INACTIVE can only support broadcast, but not support multicast.
Broadcast mechanism
In this sub-clause, we present our discussion and analysis of broadcast mechanism for UEs under RRC_IDLE/RRC_INACTIVE. In our companion contribution [2], we discussed the broadcast mechanism for UEs under RRC_CONNECTED state. Based on our understanding, the basic broadcast mechanism is the same regardless of whether UEs are under RRC_CONNECTED state or RRC_IDLE/RRC_INACTIVE state.
Proposal 2: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
In Rel-15, NR has specified two different kinds of broadcast mechanism for Paging and SIBx, respectively. Below, we compare the difference between these two mechanisms and provide corresponding analysis. 
Paging
Two modes are defined for Paging in Rel-15, default association and non-default association.
[bookmark: OLE_LINK2]For default association as shown in Figure-1, SS#0 and CORESET#0 are used for UEs to receive paging information. In this case, the association between SSB index and MO index for SS#0 as defined in clause 13 in TS 38.213 [3] is reused. 
A UE first calculates PF and i_s using its UE_ID as described in clause 7.1 in TS 38.304 [4], and the UE monitors the (i_s + 1)th PO of the PF. In Figure-1, the following parameters are configured, DRX period: 320ms, i.e., 32 radio frames, N=2, Ns=1 and PF_offset=4. That is, there are two PFs in 320ms DRX period, which are located at the fifth radio frame and the twenty-first radio frame of each 32 radio frames according to the PF_offset configuration. There is only one PO in each PF and the slot index of each MO in the PO is determined by configuration of SS#0. Then, the UE can monitor paging PDCCH within the specific monitor window (MW) corresponding to the selected SSB. 
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Figure-1: Example of default association between paging PDCCH MOs and SSBs
For non-default association shown in Figure-2, another searchspace other than SS#0 is used for UE to receive paging. In this case, network has to configure the association between the SSB index and MO in this searchspace. 
[bookmark: OLE_LINK1]A UE first calculates PF and i_s using its UE_ID as described in clause 7.1 in TS 38.304 [4], and the UE monitors the (i_s + 1)th PO of the PF. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
In Figure-2, the following parameters are configured, DRX period: 320ms, i.e., 32 radio frames, N=2, Ns=2 and PF_offset=4. That is, there are two PFs in 320ms DRX period, which are located at the fifth radio frame and the twenty-first radio frame of each 32 radio frames according to the PF_offset configuration. There are two POs in each PF, the starting MO index of each PO are configured via firstPDCCH-MonitoringOccasionOfPO as MO#1 and MO#5, respectively. If a UE calculates i_s=0, MO#1 will be the first MO of its PO. Otherwise, i.e., i_s=1, MO#5 is determined as the first MO of its PO. Assuming SSB#0 and SSB#2 are actually transmitted by the gNB, two continuous MOs from each first MO will be mapped to each actually transmitted SSB. Then, the UE can monitor paging PDCCH within MO corresponding to the selected SSB. 
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Figure-2: Example of non-default association between paging PDCCH MOs and SSBs
SIBx
SIBs other than SIB1 are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Only SIBs having the same periodicity can be mapped to the same SI message. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages). Each SI message is associated with an SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI message is transmitted. An SI message may be transmitted a number of times within the SI-window. 
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB , where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
Summary
[bookmark: OLE_LINK3]Overall, for paging mechanism, different UEs are separated into groups corresponding to different POs based on their UE_ID to avoid monitoring paging information for other groups of UEs. While for SIBx mechanism, different SI messages are separated into different SI-windows to guarantee the reception of different SI messages.
Observation 1: For Rel-15 paging mechanism, different UEs are separated into different POs. While for Rel-15 SIBx mechanism, different SI messages are separated into different SI-windows.
Compared with paging mechanism, the SIBx mechanism is more appropriate to Rel-17 broadcast. Different broadcast transportations can be separated into different time window (e.g., MBS-window) so that UEs can have chances to receive all different kinds of broadcast transportations without any dropping. Furthermore, repetition can be supported easily via the association method defined in SIBx mechanism, by which reliability can be enhanced. Thus, Rel-17 broadcast can reuse the Rel-15 SIBx broadcast mechanism.
Proposal 3: Consider the Rel-15 SIBx broadcast mechanism as the starting point for Rel-17 broadcast.

Conclusion
In this contribution, RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/RRC_INACTIVE are discussed with the following observation and proposals. 
Observation 1: For Rel-15 paging mechanism, different UEs are separated into different POs. While for Rel-15 SIBx mechanism, different SI messages are separated into different SI-windows.

Proposal 1: UEs under RRC_IDLE or RRC_INACTIVE can only support broadcast, but not support multicast.
Proposal 2: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
Proposal 3: Consider the Rel-15 SIBx broadcast mechanism as the starting point for Rel-17 broadcast.
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