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1. Introduction
In the Rel-17 WID of the NR multicast and broadcast services, the following objectives of basic functions for broadcast/multicast for UEs in RRC_IDLE/RRC_INACTIVE states were made in RAN#88-e meeting [1]. 
	-	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].


Based on the guidance of the objective, the following agreements were reached for broadcast reception for RRC_IDLE and INACTIVE UEs in RAN1#106bis-e meeting [2]:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MTCH.
Agreement:
The PDCCH/PDSCH parameters for broadcast reception with GC-PDCCH/PDSCH, which are not configured, use as default the value of the PDCCH/PDSCH parameters for the configuration of the Rel-15/Rel-16 initial BWP for RRC_IDLE/RRC_INACTIVE UEs.
Agreement:
For initializing scrambling sequence generator for GC-PDCCH for MCCH/MTCH for broadcast,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
· 
[bookmark: _Hlk85129373]Agreement:
For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for MTCH.
Agreement: 
For initializing scrambling sequence generator for GC-PDSCH for MCCH/MTCH for broadcast, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in a CFR used for GC-PDSCH for MCCH/MTCH and the RNTI equals the G-RNTI or MCCH-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission.
Agreement: 
For initializing sequence generator for DMRS of GC-PDCCH for MCCH/MTCH for broadcast,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
Agreement:
For initializing sequence generator for DMRS of GC-PDSCH for MCCH/MTCH for broadcast,
· equals the higher-layer parameters scramblingID0 if it is configured in the DMRS-DownlinkConfig IE in a CFR used for GC-PDSCH for MCCH/MTCH;  otherwise.
Working assumption:
Alt 2 (from previous agreement) is supported for broadcast reception with RRC_IDLE/RRC_INACTIVE UEs for the notification of MCCH configuration changes.
· Send an LS to RAN2 with the mechanism agreed in RAN1
[bookmark: _Hlk85582192]Agreement:
For RRC_IDLE/RRC_INACTIVE UEs for broadcast reception, MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity and the starting of the periodicity
· FFS: the window is associated to one or multiple or all G-RNTI.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs for broadcast reception, at least support that within the MTCH scheduling window, the association between the PDCCH monitoring occasions and SSB is defined as:
· the [x×N+K]th PDCCH monitoring occasion(s) for MTCH in the scheduling 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 MTCH transmission window/N). 
· For the purpose of associating PDCCH monitoring occasion for MTCH and SSB, the UE assumes that, in the MTCH scheduling window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.


In previous RAN2 meeting, RAN2 has send two LS to RAN1 regarding the MCCH physical design [3] [4]. In last RAN1 meeting, RAN1 discussed some issues and there are still some remaining issues needed to be further discussed. In this contribution, we will further discuss the basic functions for UE supporting MBS in RRC_IDLE/ RRC_INACTIVE states based on the WID objective, previous meeting agreements and RAN2’s LS.
2. [bookmark: _Ref53170110]Discussion
2.1 [bookmark: OLE_LINK1] MCCH and MTCH consideration for MBS
In the RAN2#113bis-e meeting, RAN2 defined two types of logical channels used at least for broadcast session delivery using deliver mode 2 (DM2) [5]: 
· [bookmark: OLE_LINK2]MTCH: A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. 
· MCCH: A point-to-multipoint downlink channel used for transmitting MBS control information from the network to the UE, for one or several MTCH(s).
· In RAN2, some companies think it should be allowed to configure multiple MCCH(s) for different services, but other companies disagree with the need for multiple MCCH and RAN2 has not made a decision on this issue yet.
DM2 is used for broadcast session delivery and is applicable to UEs in all RRC states. The UE is provided with MBS configuration using common RRC signalling in a two-step based approach, i.e. SIB will be used to provide the transmission configuration of MCCH. Based on the MCCH configuration received via SIB, UE reads MCCH, which carries transmission configuration of MTCH(s), e.g. G-RNTI. The MTCH configuration acquired from MCCH is applied by the UE for MTCH reception regardless of UE’s RRC state (for RRC_CONNECTED state, the possibility to receive MTCH can be further subject to UE’s configuration and capabilities).
Regarding the CFR configuration for MCCH and MTCH reception, the following proposals were proposed in the last meeting’s e-mail discussion. 
	Proposal 2.3-4rev1: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can only use the same bandwidth configuration for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
Proposal 2.3-5rev1: for broadcast reception with RRC_IDLE/RRC_INACTIVE UEs, different PDSCH/PDCCH parameters can be configured in the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.



However, some companies argued that different CFR should be configured for MCCH and MTCH due to different requirements for these two logical channels. From our understanding, it will need two CFRs in RRC IDLE/INACTIVE states, if different CFR are configured for MCCH and MTCH and UE needs to monitor the two CFRs simultaneously, which will make the UE processing more complexity and is not desirable. Therefore, unified CFR is preferred for MCCH and MTCH reception. 
[bookmark: _Ref78715794]Proposal 1: The unified CFR is defined/configured for GC-PDCCH/PDSCH carrying MCCH and GC-PDCCH/PDSCH carrying MTCH.
If one CFR is used for MCCH and MTCH, how to configure the CFR for MCCH and MTCH needs to be further discussed. From our perspective, RAN2 has defined a new MBS specific SIB (e.g., SBIx) for broadcast services configuration. Therefore, the unified CFR information for MCCH and MTCH can be configured via MBS specific SIB (e.g., SIBx).
[bookmark: _Ref83833468]Proposal 2: The CFR for MCCH and MTCH is configured via MBS specific SIB (e.g., SIB-x).
2.2  Common frequency resource (CFR) for broadcast MCCH and MTCH
Actually, regarding the CFR configuration, the following conclusion was endorsed in RAN#93-e meeting [6].
	For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state:
· Support Case-C
· Support at least one of Case D and Case E. Down-selection to be made at RAN1#106b-e
· Note: Case C, D and E are defined in previous agreements.


Regarding the CFR for MCCH and MTCH reception, we support unified CFR for MCCH and MTCH reception as discussed above. Therefore, in the following discussion, we will not differentiate the CFR for MCCH or MTCH. 
Considering the impact to legacy UE, it should be ensured that the SIB-1 configured initial BWP keep the same behaviour for legacy mechanism, e.g., RRC_IDLE/INACTIVE UEs only apply the configuration of the SIB-1 configured initial BWP until after the reception of RRCSetup/RRCResume/RRCReestablishment. Besides, the initial BWP bandwidth will affect the UE capability for supporting channel bandwidth as agreed in [7] and the detailed information is copied as following: 
	The NW has the possibility to configure a UE specific channel bandwidth as well as UE specific BWPs. But to be able to do that, the UE must at least support a channel bandwdith which is ...
· equal to or smaller than the carrier bandwidth indicated in SIB1 and 
· equal to or larger than the bandwidth of the initial BWP.


If the bandwidth of initial BWP is changed due to introducing the MBS services, it also will affect the legacy UEs’s capability. Therefore, we suggest to discuss the CFR configuration independently.
[bookmark: _Ref83833475]Proposal 3: CFR can be configured with any size as long as it covers CORESET#0.
Whether to configure one/more common frequency resources was not decided in previous meeting. In the RAN1#104-e meeting, supporting one CFR was agreed for UE scheduling group common PDCCH/PDSCH in RRC IDLE/INACTIVE states. However, there are still remaining issue about whether to define/configure more than one common frequency resources. As we discussed CFR configuration in RRC_CONNECTED state, it is no clear motivation to define/configure more than one CFR for UE supporting MBS. In addition, it was agreed that the number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17. Thus, we suggest the similar mechanism can be reused for broadcast reception for RRC_IDLE/INACTIVE UEs.
	Agreement:
The number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17.



[bookmark: _Ref71574723]Proposal 4: Not support more than one CFR for UE supporting MBS in RRC_IDLE/RRC_INACTIVE states.
Note that in case of PTM transmission, all of the UEs participating the reception of the PTM transmission should monitor the same common bandwidth. It is easy to handle this common bandwidth for UEs in RRC Idle state. But it puts a lot of restriction for allocation of BWP for UEs in RRC Connected state. The reason is that for a particular multicast/broadcast session, there may be UEs in both RRC Connected and RRC Idle state, e.g., DM2 is defined that supporting broadcast reception in all RRC states. In order to ensure all of the UEs to participate the PTM transmission, all of the UEs in RRC Connected state needs to be configured the same common frequency resource used for PTM transmission for a particular MBS service, even though different UEs may be configured with a different active BWP. In addition, if the UE in connected mode is scheduled on a dedicated BWP that does not overlap with the initial BWP where the PTM transmission (over the common frequency resource) is configured, the UE may be not able to receive the PTM transmission. We expect this issue can be resolved by network implementation. 
[bookmark: _Ref61343385]Proposal 5: For broadcast reception, network implementation guarantee unified CFR for UEs in both RRC_CONNECTED mode and IDLE/INACTIVE mode.
2.3  CSS design for broadcast MCCH and MTCH
In the previous RAN1 meeting, it has agreed that CSS is supported for group-common PDCCH for RRC_IDLE RRC_INACTIVE UEs and the same CSS type is supported for MCCH and MTCH. Both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH. However, which CSS type used for both searchspace#0 and search space other than searspace#0 is controversial. The following agreement was achieved in last meeting.
	Agreement: Study whether the Type-x CSS supported for multicast in RRC_CONNECTED can be reused as baseline for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.


For broadcast reception, as DM2 defined by RAN2, it can be received by all RRC states UE, e.g., RRC_CONNECTED/RRC_IDLE/RRC_INACTIVE states, which means some UEs receive broadcast in RRC connected states, some UEs receive broadcast in RRC INACTIVE states, and some UEs receive broadcast in RRC IDLE states. Therefore, we prefer the same CSS type can be used for all three RRC states for broadcast transmission. Besides, the CSS type’s discussion is ongoing for RRC_CONNECTED UEs in AI8.12.1. From our perspective, the same CSS type with corresponding RNTI (e.g., MCCH-RNTI, G-RNTI) can be reused for MCCH channel. The network can configure this CSS type with MCCH-RNTI to support group common PDSCH reception associated with MCCH information.
[bookmark: _Ref78715806]Proposal 6: The CSS type defined in AI 8.12.1 (e.g., a new Type-x CSS) for MBS group scheduling can be used for both searchSpace#0 and search space other than searchSpace#0 for GC-PDCCH scheduling MCCH and MTCH.
2.4  DCI design for broadcast MCCH and MTCH
DCI format 1_0 has been agreed as a baseline for GC-PDCCH of MCCH and MTCH for broadcast reception. Regarding the DCI field for broadcast reception, the following agreements were achieved in RAN1#106 e-meeting.
	Agreement:
The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH at least includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state: 
· FDRA field
· TDRA field
· Modulation and coding scheme 
· Redundancy version
· FFS: 
· MCCH change notification (if supported and only for MCCH), 
· RB numbering starts from the lowest RB of the CFR and support of resource allocation with granularity of single or multiple RBs.
· HARQ process number and New data indicator
· VRB-to-PRB mapping
· other fields if needed.



Regarding the “HARQ process number” field, we think there is no clear motivation to add this. Even though the slot level repetition is supported for MTCH, the similar mechanism for SIB combining can be reused and it does not need to add a new “HARQ process number” field for broadcast reception. In addition, if more HARQ process are introduced for MBS broadcast services, it is not friendly to UE’s power saving and needs more device hardware affect, which is against the current WID description as copied following. 
	Restrictions and assumptions in MBS WID:
In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 



[bookmark: _Ref87006422]Proposal 7: “HARQ process number” field is not supported for MBS broadcast DCI.
Regarding the MCCH change notification, the following working assumption was achieved in last meeting.
	Working assumption in RAN1#106bis-e:
Alt 2 (from previous agreement) is supported for broadcast reception with RRC_IDLE/RRC_INACTIVE UEs for the notification of MCCH configuration changes.
· Send an LS to RAN2 with the mechanism agreed in RAN1



In legacy mechanism for LTE, two mechanisms as discussed by RAN1 are adopted for MCCH notification, which is reproduced as followings for convenience.
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· E.g., SC-N-RNTI is introduced
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH
· E.g., “Information for SC-MCCH change notification” filed with two bits carried in DCI format 6-1A/B for BL UEs, UEs in CE or NB-IoT UEs.
From our understanding, the two alternatives have the different behaviour based on the description of TS 36.300 [8], which is illustrated in Figure 1. 

[image: ]
[bookmark: _Ref85654657]Figure 1 The MCCH change notification mechanism in LTE
For Alt 1, the MCCH change notification information is sent in the first subframe in a repetition period where the SC-MCCH can be scheduled, and when the UE receives a notification, it acquires the SC-MCCH in the same subframe.
For Alt 2, the MCCH change notification is sent in the DCI with SC-RNTI/G-RNTI scheduling SC-MCCH and when the UE receives the notification, it acquires the SC-MCCH in the same (SC-RNTI) or next (G-RNTI) modification period.
Compared the Alt 1 with Alt 2, it can be seen that Alt 1 has some benefits as following:
· For Alt 1, it only needs UE to monitor the MCCH change notification in some predefined occasion. However, for Alt 2, the UE will need all repetition period within one modification period to judge whether the MCCH change notification is delivered even if it has received SC-MCCH successfully in one repetition, which definitely will need more power consumption and is not friendly to NR UE.
· For Alt 1, it acquires the SC-MCCH in the same subframe with change notification subframe, in other words, the latency is shorter and no need to monitor in the other repetition period. However, for Alt 2, it acquires the SC-MCCH in the other repetition period or in the next modification period. Thus, besides the power consumption concern as mentioned above, the Alt 2 also increased the system latency, which is also not desirable for NR UE.
[bookmark: _Ref85709431]Observation 1: UE needs more power consumption if Alt 2 is used for MCCH change notification.
[bookmark: _Ref85709433]Observation 2: The system latency is increased if Alt 2 is used for MCCH change notification.
Regarding the DCI format for MCCH/MTCH, the following agreement was achieved in previous RAN1#105-e meeting.
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH.



Considering the UE processing complexity, the same DCI format used for MCCH/MTCH can be reused for MCCH change notification for Alt 1. Since it has been agreed as baseline for GC-PDCCH of MCCH and MTCH in previous meeting, we propose DCI 1_0 is used for MCCH change notification. 
[bookmark: _Ref85709434]Observation 3: The same DCI format used for MCCH/MTCH can be reused for MCCH change notification.
[bookmark: _Ref87006424]Proposal 8: MBS DCI format 1_0 used for MCCH and MTCH reception is reused for NR MBS MCCH change notification.
Regarding the missing an MCCH change notification issue, RAN2 had achieved that it does not to specify any mechanism to address the possibility of UE missing an MCCH change notification and it is left to UE implementation in last RAN2#115-e meeting [1]. In addition, the following agreement about MCCH change notification was achieved in RAN2#116-e meeting, whether it needs more bits are used for neighbouring cell information modification still pending.
	MCCH changes due to neighbouring cell information modification will be notified using the normal MCCH modification notification.



For the Alt 2, the field within DCI for MCCH change notification will be added in the existing DCI field, and needs to consider the PDCCH decoding performance and DCI size alignment procedure if more bit will be introduced. Compared with Alt 2, Alt 1 with a new RNTI, it is nature the field is new for the corresponding DCI, and it will not affect the PDCCH carrying MCCH performance. Besides, the Alt 1 has more reserved bits and can keep the better backword compatibility, e.g., more change notification bits are needed.
[bookmark: _Ref85709436]Observation 4: The Alt 1 with DCI 1_0 can keep the better decoding performance and backword compatibility.
Considering the reason discussed above, e.g., the power consumption and latency concern, the backword compatibility consideration for future MBS release, the Alt 1 is supported for MCCH change notification.
[bookmark: _Ref85709479]Proposal 9: The Alt 1 is supported for MCCH change notification.
Considering the UE processing complexity, the same DCI format used for MCCH/MTCH can be reused for MCCH change notification no matter which alternative is adopted. Since it has been agreed as baseline for GC-PDCCH of MCCH and MTCH in previous meeting, we propose DCI 1_0 is used for MCCH change notification.
[bookmark: _Ref71574780]Proposal 10: MBS DCI format 1_0 used for MCCH and MTCH reception is reused for NR MBS MCCH change notification.

In LTE SC-PTM, MCCH change notification is also indicated by PDCCH using DCI format 1C with CRC scrambled by SC-N-RNTI. For Rel-17 NR MBS, the similar MCCH change notification can be reused, e.g., the new RNTI (MCCH-N-RNTI) can be defined for NR MBS MCCH change notification. As for the notification of MCCH configuration changes due to a session start and the notification of MCCH configuration changes of an ongoing session, the two bits also can be included in the DCI format 1_0 with MCCH-N-RNTI. Thus, we suggest that DCI format 1_0 scrambled by a new RNTI (e.g., MCCH-N-RNTI) can be used for MCCH change notification.
[bookmark: _Ref71574734]Proposal 11: A new RNTI (e.g., MCCH-N-RNTI) is defined for MCCH change notification.
3. Conclusion 
In this contribution, we discuss the basic function on broadcast reception for RRC_IDLE/RRC_INACTIVE UEs, and the following proposals are suggested:
Proposal 1: The unified CFR is defined/configured for GC-PDCCH/PDSCH carrying MCCH and GC-PDCCH/PDSCH carrying MTCH.
Proposal 2: The CFR for MCCH and MTCH is configured via MBS specific SIB (e.g., SIB-x).
Proposal 3: CFR can be configured with any size as long as it covers CORESET#0.
Proposal 4: Not support more than one CFR for UE supporting MBS in RRC_IDLE/RRC_INACTIVE states.
Proposal 5: For broadcast reception, network implementation guarantee unified CFR for UEs in both RRC_CONNECTED mode and IDLE/INACTIVE mode.
Proposal 6: The CSS type defined in AI 8.12.1 (e.g., a new Type-x CSS) for MBS group scheduling can be used for both searchSpace#0 and search space other than searchSpace#0 for GC-PDCCH scheduling MCCH and MTCH.
Proposal 7: “HARQ process number” field is not supported for MBS broadcast DCI.
Proposal 8: MBS DCI format 1_0 used for MCCH and MTCH reception is reused for NR MBS MCCH change notification.
Proposal 9: The Alt 1 is supported for MCCH change notification.
Proposal 10: MBS DCI format 1_0 used for MCCH and MTCH reception is reused for NR MBS MCCH change notification.
Proposal 11: A new RNTI (e.g., MCCH-N-RNTI) is defined for MCCH change notification.
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