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1. [bookmark: _Toc120549591]Introduction
In RAN1 #106-e meeting, some agreements about NR MBS in RRC_IDLE/RRC_INACTIVE states are as the following [1],
Agreement:
From RAN1 perspective, the CFR for broadcast reception of RRC_IDLE/INACTIVE UEs, includes at least the following configurations:
· One set of parameters configured for PDSCH for broadcast reception with GC-PDSCH
·   One set of parameters configured for PDCCH for broadcast reception with GC-PDCCH
· FFS: whether some parameters configured for PDSCH/PDCCH are optional/needed for the supported cases of CFR.
· FFS: If necessary, depending on the cases supported, starting PRB and the number of PRBs 
· The reference for starting PRB is Point A. (Following the same approach to determine reference for starting PRB as that defined in AI8.12.1.)
[bookmark: _Hlk80473180]Conclusion:
There is no specification support in Rel-17 for broadcast reception with RRC_IDLE/RRC_INACTIVE UEs with configured/defined CFRs for group-common PDCCH/PDSCH with smaller size than the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case B).
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, if searchSpace#0 is configured for MTCH, the mapping between PDCCH occasions and SSBs is the same as for SIB1.
Agreement:
Study and reach an agreement by RAN1#106b-e on whether Alt1 and Alt2 for MCCH change notification indication can accommodate at least 2 bits for the notification of MCCH configuration changes due to a session start and the notification of MCCH configuration changes of an ongoing session (including session stop).
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.
Agreement:
[bookmark: _Hlk82852961]Only one CFR can be configured for group-common PDCCH/PDSCH carrying MCCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state.
Agreement:
For broadcast reception with UEs in RRC_IDLE/INACTIVE state, the DCI size of GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH is aligned with DCI format 1_0 with CRC scrambled by C-RNTI in the CSS.
[bookmark: _Hlk80948815]Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
· FFS: use of different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH
Conclusion:
For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs, there is no specification support in Rel-17 of different CSS types for GC-PDCCH scheduling MCCH and MTCH.
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.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs with broadcast reception, if common search space other than searchSpace#0 is configured for MTCH, the mapping of PDCCH monitoring occasions to SSBs can be configured with a rule.
· The existing rule defined for OSI in TS 38.331 is used as starting point to define the above rule.

In RAN#93 e-meeting, the agreements about SFN operation and CFR was achieved as the following [2],
Agreement:
· The following aspects can be considered to be within the scope of the Rel-17 MBS WID and can be further discussed in the WGs with the aim of minimizing specification impacts:
· Configurable scrambling sequence initialization for PDCCH/PDSCH and DMRS sequence generator initialization for PDCCH/PDSCH for broadcast transmission (as supported for RRC_CONNECTED UE).
· Configuring TRS as QCL sources for broadcast transmission (as supported for RRC_CONNECTED UE).
· Note: For broadcast transmission, the presence of TRS would be optional from a network perspective. 
· Note: Any SFN operation is transparent to the UE
Agreement (Updated proposal from RAN1#106e):
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

In this contribution, some further discussion for RRC_IDLE/RRC_INACTIVE states support in MBS for delivery mode 2 will be discussed.
2. Discussion
2.1 CFR
During the discussion in RAN1#106-e meeting and RAN#93-e meeting, Case C is supported and at least one of Case D and Case E will be down-selected in this meeting. We don’t support Case E but can support Case D as the CFR for MCCH/MTCH with the following reasons.
First, Case E requires RRC_IDLE/RRC_INACTIVE UE maintaining two separate BWPs. As the previous agreement of definition of Case E, it is obvious that Case E is a new configured BWP for RRC_IDLE/RRC_INACTIVE UEs which is different from initial DL BWP. As so far in NR design from Rel-15 to Rel-17, there is never a feature needs UE to maintain two separate BWPs and NR broadcast service should not touch this restriction as well.
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, further study the following cases of a configured/defined specific common frequency resource (CFR) for group-common PDCCH/PDSCH, and identify which case(s) will be supported:
· [Case E] the case where a CFR is defined based on a configured BWP. 
· In particular, study the following:
· whether a configured BWP for MBS is needed or not.
· whether BWP switching is needed or not.
· In this study, the configured BWP has the following properties:
· The configured BWP is different than the initial BWP where the frequency resources of this initial BWP are configured smaller than the full carrier bandwidth. 
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· Note: The configured BWP is not larger than the carrier bandwidth



In addition, one more thing needs to be considered is the first active BWP for RRC_CONNECTED UEs. In current NR design, when one UE goes into RRC_CONNECTED mode and additional UE-specific BWP is not configured by RRC dedicated signalling, the first active BWP for this UE is initial DL BWP configured by SIB1. But for Case E which the new MBS-specific BWP is configured in SIBx, two different BWPs’ configurations have been received by UE, but which is the first active BWP and how to align the interpretation between gNB and UE when UE goes into RRC_CONNECTED mode? 
Some companies proposed the first active BWP can be defined as the new MBS-specific BWP by default and gNB can configure a dedicated BWP to cover the frequency resource of MBS-specific BWP after UE reports MBS interests indication. But as the 38.331 running CR by RAN2 [3] in the following, a MBS capable UE in RRC_CONNECTED may initiate the MBS interests indication, which means whether UE reports MBS interests indication to gNB is up to UE’s implementation. 
	5.x.4	MBS Interest Indication
5.x.4.2	Initiation
An MBS capable UE in RRC_CONNECTED may initiate the procedure in several cases including upon successful connection establishment, upon entering or leaving the broadcast service area, upon MBS broadcast session start or stop, upon change of interest, upon change of priority between MBS broadcast reception and unicast reception, upon change to a PCell broadcasting SIBx1.


That is the miss alignment about interpretation of first active BWP between gNB and UE cannot be solved. For example, one UE receives broadcast service but does not report MBS interests indication which causes gNB thinking the first active BWP is the initial DL BWP configured by SIB1 but not MBS-specific BWP. Additionally, it makes no sense to mandate all MBS capable UEs to take MBS-specific BWP as the first active BWP especially for those UEs which don’t want to receive any broadcast service. 
However, Case D doesn’t have these problems, because whatever UE reports “MBS interest indication’ or not, the first active BWP is the initial DL BWP configured by SIB1 and the CFR is always smaller than initial DL BWP configured by SIB1, there is no ambiguity issue.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, Case D can be supported as configured/defined specific CFR for MTCH/MCCH.
In last RAN1#106-e meeting, only one CFR is supported as for MCCH but there is no agreement for MTCH. We also think only one CFR is enough for MTCH considering the broadcast services are with low QoS and a proper CFR can be used to schedule multiple broadcast services. In addition, as we have agreed three cases of CFR, i.e., Case A, Case C and Case D, how to switch between them need to be studied because DCI format 1_0 cannot be used for BWP switching. Therefore, supporting only one CFR for MTCH is enough for UEs in RRC_IDLE/INACTIVE state.
[bookmark: _Hlk82853311]Proposal 2. Only one CFR can be configured for group-common PDCCH/PDSCH carrying MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state.
2.2 Search space
Type-x CSS was supported for multicast service, which the monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets. We also think the new Type-x CSS should be used for MCCH/MTCH of broadcast service and there are several reasons as the following. 
The first is that RRC_CONNECTED UEs can both receive broadcast service and multicast service, and it is no sense to define different CSS types and different PDCCH monitoring priority rules between broadcast and multicast. 
The second is that new Type-x CSS for MTCH can reduce unnecessary BD/CCE counting for RRC_CONNECTED UEs. For RRC_CONNECTED UEs, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left BD/CCEs capability are used for USS in Rel-15/16. However, it’s up to UE’s implementation to receive Rel-17 broadcast services or not, that is UE may not receive some configured broadcast service MTCH GC-PDCCHs. If current CSS type is reused for broadcast MTCH GC-PDCCH and the same PDCCH overbooking rule is reused for RRC_CONNECTED UEs, these non-received broadcast MTCH GC-PDCCHs will also be counted into monitored BD/CCEs, which causing the reduction of USS scheduling opportunity. If we take new Type-x CSS for MTCH, the monitoring priority is according to the search space index and the non-monitored broadcast MTCH GC-PDCCHs are not counted into the monitored BD/CCEs for RRC_CONNECTED UEs in order to not decrease USS scheduling opportunity.
Proposal 3. For CSS of GC-PDCCH for broadcast, the same CSS type as multicast is supported, i.e., Type-x CSS.
2.3 DCI format
In last RAN1 meeting, we have agreed some DCI fields for GC-PDCCH of MCCH but some are FFS.
[bookmark: _Hlk83203189]HARQ process number and New data indicator
Considering gNB doesn’t know what exact RRC_IDLE/INACTIVE UEs receiving broadcast service, it is no way for gNB configuring UE-specific PUCCH resource for ACK/NACK feedback. As for NACK-only based HARQ-ACK feedback, we also think it has little motivation to be supported for RRC_IDLE/INACTIVE UEs, the first reason is that the QoS requirement for broadcast service is much lower than multicast service and the second reason is that gNB can use PDSCH repetition to improve the reliability without HARQ-ACK feedback. Therefore, we think the HARQ feedback for group-common PDSCH for broadcast reception for RRC_IDLE/INACTIVE UEs should not be supported. Furthermore, the HARQ process number and New data indicator are not needed for HARQ-ACK feedback.
As for blind retransmission soft buffer combination, dedicated HARQ process is defined for system information in NR and similar mechanism can be used for broadcast service. In addition, as different G-RNTI are used to differentiate broadcast services, which means the HARQ buffer has one to one mapping with G-RNTI, and it is up to UE’s implementation to buffer different services in different HARQ buffer without the necessary to be indicated the HARQ process number in the DCI. 
VRB-to-PRB mapping
This filed exists in current DCI format 1_0 for CSS including SI-RNTI or UE specific RNTI which can improve the frequency diversity gain for resource allocation type 1 and should be included in DCI format for MCCH/MTCH.
Resource allocation granularity
We think the FDRA field bitlength should be related to CFR size not CORESET#0 size, because the reserved bits in DCI format 1_0 is enough for FDRA indication. Assuming the CFR is 273 PRB which needs 15 bits FDRA filed (Case C or D) and the 48 PRB CORESET#0 needs 11 bits FDRA field (Case A), the example of comparison between DCI format for MCCH/MCTH and SI scheduling is listed as Table 1. From the table we can see that the total reserved bits of DCI for MCCH/MTCH are much larger than 4 bits. In addition, we also don’t need introducing resource allocation with granularity of multiple RBs because the FDRA field bit length is adequate to indicate RIV value with granularity of single RB.
MCCH change notification (only for MCCH)
According to the agreement of RAN2’s updated LS, a separate bit is used for indicating the modification of an ongoing session’s configuration (including session stop), in addition to a bit for session start notification. From our understanding, 2 separate bits are needed for MCCH change notification which are applied for all MBS sessions but not 2 bits per MBS session. This function is much similar to SI update notification via paging which 1 bit is only to be used to indicate UE the system information is changed and UE should receive SIB1 from the SI change boundary. Regarding two alternatives in MCCH change notification design, Alt 1 is flexible and has better forward compatibility, e.g., more DCI fields can be added in the DCI format in new release. Alt 2 doesn’t need the introduction of new RNTI but the MCCH change notification filed bitlength may be limited, because the DCI size with MCCH-RNTI should be aligned with DCI format 1_0 in CSS. 
But as the analysis above and the example in Table 1, the reserved bits in DCI format for MCCH is much larger than 2 bits and is enough to be used as MCCH change notification and can also provide forward compatibility. Therefore, Alt 2 can be supported which is a simple and sufficient way without defining a new RNTI for MCCH change notification.
Table 1. Example of DCI field and length for DCI format for MCCH/MCTH and SI scheduling
	DCI field
	DCI format 1_0 for MCCH
	DCI format 1_0 for MTCH
	DCI format 1_0 with SI-RNTI

	FDRA
	11 (48 PRB CFR)
15 (273 PRB CFR)
	11 (48 PRB CFR)
15 (273 PRB CFR)
	11 (48 PRB CORESET#0)

	TDRA
	4
	4
	4

	MCS
	5
	5
	5

	RV
	2
	2
	2

	VRB-to-PRB mapping
	1
	1
	1

	System information indicator
	-
	-
	1

	MCCH change notification
	2
	-
	-

	[HARQ process number and New data indicator]
	-
	-
	-

	Reserved bits
	14 (48 PRB CFR)
9 (273 PRB CFR)
	16 (48 PRB CFR)
11 (273 PRB CFR)
	15

	Total bits
	39
	39
	39



Proposal 4. The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH also includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state: 
· MCCH change notification (only for MCCH)
· VRB-to-PRB mapping
Proposal 5. The FDRA field bit length in DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH is related to CFR size but not CORESET#0 size and the resource allocation granularity is single RB.
2.4 GC-PDCCH/PDSCH scrambling and related DMRS sequence
In RAN#93 e-meeting, the configurable scrambling sequence initialization for PDCCH/PDSCH and DMRS sequence generator initialization for PDCCH/PDSCH for broadcast transmission was confirmed within Rel-17 WID. Some similar agreements have been achieved for RRC_CONNECTED mode UEs for second DCI, and can also be supported to RRC_IDLE/INACTIVE UEs. But it should be noted that the pdcch-DMRS-ScramblingID can only be configured for CORESET other than CORESET#0.
Scrambling sequence initialization for PDCCH:
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
·  is given by the G-RNTI or MCCH-RNTI for a PDCCH if the higher-layer parameter pdcch-DMRS-ScramblingID is configured;  otherwise.
Scrambling sequence initialization for PDSCH:
·  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.

DMRS sequence generator initialization for PDCCH:
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
DMRS sequence generator initialization for PDSCH:
· 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.

Proposal 6. For initializing scrambling sequence generator for GC-PDCCH for MCCH/MTCH,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
·  is given by the G-RNTI or MCCH-RNTI for a PDCCH if the higher-layer parameter pdcch-DMRS-ScramblingID is configured;  otherwise.
Proposal 7. For initializing scrambling sequence generator for GC-PDSCH for MCCH/MTCH, 
·  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.
Proposal 8. For initializing sequence generator for DMRS of GC-PDCCH for MCCH/MTCH,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
Proposal 9. For initializing sequence generator for DMRS of GC-PDSCH for MCCH/MTCH,
· 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.
3. Conclusions
In this contribution, the support of MBS in RRC_IDLE/RRC_INACTIVE states are discussed, and the following proposals are made.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, Case D can be supported as configured/defined specific CFR for MTCH/MCCH.
Proposal 2. Only one CFR can be configured for group-common PDCCH/PDSCH carrying MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state.
Proposal 3. For CSS of GC-PDCCH for broadcast, the same CSS type as multicast is supported, i.e., Type-x CSS.
Proposal 4. The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH also includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state: 
· MCCH change notification (only for MCCH)
· VRB-to-PRB mapping
Proposal 5. The FDRA field bit length in DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH is related to CFR size but not CORESET#0 size and the resource allocation granularity is single RB.
Proposal 6. For initializing scrambling sequence generator for GC-PDCCH for MCCH/MTCH,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
·  is given by the G-RNTI or MCCH-RNTI for a PDCCH if the higher-layer parameter pdcch-DMRS-ScramblingID is configured;  otherwise.
Proposal 7. For initializing scrambling sequence generator for GC-PDSCH for MCCH/MTCH, 
·  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.
Proposal 8. For initializing sequence generator for DMRS of GC-PDCCH for MCCH/MTCH,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
Proposal 9. For initializing sequence generator for DMRS of GC-PDSCH for MCCH/MTCH,
· 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.
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