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Introduction
Regarding whether to update the WID to clarify the support of intra-DU SFN was discussed with the following agreed in RAN#93-e [1]:
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

These issue will be discussed in this paper together with other remaining issues from agreements reached in previous meetings. 
Resume the discussion from RAN#93-e
As agreed in RAN#93-e, configurable scrambling sequence initialization and configuring TRS as QCL sources can be further discussed in WGs with the aim of minimizing specification impacts. 
Configurable ID
A configurable ID was agreed as follows in RAN1#106-e [2] for initializing the scrambling sequence or the DMRS generator for GC-PDCCH with the second DCI format and the GC-PDSCH scheduled by the second DCI format, which primarily targets multicast scheduling for RRC_CONNECTED UEs. 
[bookmark: OLE_LINK20]Agreement:
For initializing scrambling sequence generator for GC-PDCCH with the second DCI format, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· FFS: Values for . Choices include one or more of the following:
· Alt1: G-RNTI used for the GC-PDCCH.
· Alt2: 0
· Alt3: Other fixed values
Agreement:
For initializing scrambling sequence generator for GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
·  corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)
Agreement:
For initializing sequence generator for DMRS of GC-PDCCH with the second DCI format received in Type-x CSS, 
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise. 

[bookmark: OLE_LINK24]Likewise, a configurable ID for initializing the scrambling sequence or the DMRS generator for GC-PDCCH/PDSCH can be supported for broadcast that is scheduled by the first DCI format per the current agreement. When discussing the group scheduling for multicast, what has been agreed for the second DCI format as above were proposed for the first DCI format as well in the last RAN1 meeting but the discussion does not reach consensus then because the main concern was whether it is within the scope of the Rel-17 MBS WID. 
The agreement reached in RAN#93-e mitigates such concern and agreeing on such proposals should be straightforward, so that with a configurable ID for the related sequence and generator initialization to be agreed for the first DCI format scheduling, the specification impact is minor by just extending what has been agreed to cover the scheduling by the first DCI format and the SFN operation can be supported transparently to UE for both multicast and broadcast. 
[bookmark: OLE_LINK25]Proposal 1: Support a configurable ID for scrambling sequence and DMRS generator initialization for scheduling broadcast, specifically:
· For initializing scrambling sequence generator for GC-PDCCH/PDSCH with/scheduled by the first DCI format,  is an value configured by the higher layer parameter, respectively. 
· For initializing DMRS generator of GC-PDCCH/PDSCH with/scheduled by the first DCI format,  is a value configured by the higher layer parameter, respectively. 
In addition, we should note that the configurable ID should be per G-RNTI instead of per UE because multicast and broadcast are differentiated by the G-RNTI value and the SFN area for multicast and broadcast might be implemented independently. 
Proposal 2: The configurable ID for scrambling sequence and DMRS generator initialization for scheduling broadcast is per G-RNTI instead of per UE. 
TRS as QCL source
[bookmark: OLE_LINK26]TRS as QCL source is used for time/frequency tracking in SFN manner where SSB per cell is not workable properly. Depending on the expected SFN operation performance and the SFN area to be implemented, form network perspective, either SSB or TRS is configured as QCL source for broadcast transmission. Hence, the presence of TRS will be optional as agreed in RAN#93-e [1]. 
Considering the broadcast deployment will dominate in low frequency range, e.g., 600MHz/700MHz, periodic TRS as QCL source can be used for finer time/frequency tracking instead of beam training that is more necessary for FR2. Therefore, when periodic TRS is to be configured as QCL source, there is no need to configure SSB as the QCL source of the periodic TRS. 
We should note that the specification impact is quite minor because there is no change to TRS itself but rather specifying the support of the TRS configuration (as supported for RRC_CONNECTED UE) in SIB/MCCH for MTCH carrying broadcast for RRC_IDLE/INACTIVE UE. Also, the SFN operation is transparent to UE.
Proposal 3: Periodic TRS can be configured as QCL source for broadcast transmission especially for RRC_IDLE/INACTIVE UE. 
Common frequency resource(s) for MCCH/MTCH
Case D/E
Regarding CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state, the following agreement were achieved in RAN#93-e meeting [1]:
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

The comment from case E proponents was that SIB1 configured initial BWP might be small because it is up to network implementation. If it is the case, supporting case E can provide sufficient bandwidth for MTCH transmission. 
We should note that case E if supported should be termed as initial BWP as well from RAN2 perspective, which can minimize the specification impact. According to the current specification, SIB1 configured initial BWP is used only when UE enters RRC_CONNECTED state, on which UE can receive SIB/paging and unicast without BWP switching. Likewise, the initial BWP for case E can be used for broadcast and SIB/paging and unicast without BWP switching. However, if RAN1 could not achieve consensus on the naming of case E, it could be up to RAN2. 
As such, case C and case E with the bandwidth size either equal to or larger than SIB1 configured initial BWP can both be supported and up to network configuration eventually. 
Proposal 4: Case E seems more motivated than case D by MTCH requiring a larger bandwidth size than the size of SIB configured initial BWP. 
· If case E is supported, it is up to RAN2 how to name case E for minimizing the specification impact. 
Rate matching pattern 
It is agreed in last meeting as follows that the CFR for broadcast reception of RRC_IDLE/INACTIVE UEs includes one set of parameters configured for PDSCH for broadcast reception with GC-PDSCH.
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.)

For UE receiving unicast, RateMatchPattern can be configured per UE per BWP in PDSCH-Config for UE to rate match PDSCH around. The resources indicated by the rate match patterns are occupied for other purpose, e.g., CSI-RS/TRS configured to other UEs, so that such resources have to be rate matched around for UEs that will have PDSCH to be transmitted on because otherwise PDSCH and CSI-RS/TRS will interfere each other. 
The motivation of configuring RateMatchPattern for UE receiving broadcast in RRC_IDLE/ RRC_INACTIVE states also holds. Since the configuration for broadcast reception is either from SIB (for MCCH) or from MCCH (for MTCH), the RateMatchPattern can be configured together with the CFR configured for broadcast reception. 
Proposal 5: RateMatchPattern can be configured together with the CFR configured for broadcast reception for RRC_IDLE/INACTIVE UEs .
CORESET and search space for broadcast
As is agreed in RAN1#105 meeting, for Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. However, if RRC_IDLE/RRC_INACTIVE UE is configured with a CFR larger than CORESET#0 to receive GC-PDCCH/PDSCH carrying MCCH or MTCH, the CORESET larger than CORESET#0 can also be naturally configured to offload from bandwidth of CORESET#0. From UE perspective, the maximum number of CORESETs supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs, is still kept. Depending on whether the CFR is configured with the same size as the bandwidth of CORESET#0 or the same size as SIB1 configured initial BWP, the other CORESET can be smaller or larger than CORESET#0. 
Regarding search space for MCCH/MTCH, as is agreed in previous meetings, studying 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. Search space #0 can be used. Since the other CORESET than CORESET#0 can be configured, additional common search space for MTCH scheduling specifically can be configured. Note that RAN1#105 meeting has agreed both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH. 
Proposal 6: When the CFR for MCCH/MTCH is configured with the same size as SIB1 configured initial BWP, in addition to CORESET#0, the other CORESET larger than CORESET#0 can be configured. 
Proposal 7: For MTCH scheduling, both searchSpace#0 and Type-x CSS can be configured for GC-PDCCH scheduling MTCH. 
Separate configurations for MCCH and MTCH
As discussed in the companion contribution [3], for receiving broadcast, MCCH and MTCH may have different requirements, which result in necessary separate discussions. For example, the CFR, CORESET, SS for MCCH and MTCH can be different and the configuration for MTCH can come from MCCH.
MTCH may require larger frequency resources than MCCH, so the CFR for MTCH can be configured in MCCH. 
When CFR for at least MTCH can be configured with the same size as SIB1 configured initial BWP, the CORESET for MTCH scheduling can be configured to be larger than the bandwidth of CORESET#0. Hence, the CORESET for MTCH scheduling can be configured in MCCH which could be part of configuration of CFR but can be up to RAN2 for signaling design. 
Search space for MTCH may have different monitoring periodicity, so the search space for MTCH can be configured in MCCH. 
Proposal 8: The CFR, CORESET, and search space for MCCH and MTCH can be configured separately. 
· The CFR, CORESET, and search space for MTCH scheduling can be included in MCCH. 
Beam sweeping for MTCH
It is agreed in last meeting that 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 [2].
If SS other than SS#0 is configured for MTCH, similar to the mechanisms defined for paging and OSI in the specific SS other than SS#0, a window is needed so as to associate with SSB. Assuming for a given G-RNTI associated broadcast service, MTCH monitoring periodicity (i.e., G-RNTI window) is , the offset of MTCH to the starting of the periodicity is . Accordingly, the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame. 
Within the window introduced for MTCH monitoring, the association of SSB and the PDCCH monitoring occasion can also refer to the one specified for OSI reception. The [x×N+K]th PDCCH monitoring occasion (s) for MTCH in the G-RNTI 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 G-RNTI window/N). The UE assumes that, in the G-RNTI window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception of MTCH is up to UE implementation.
As an example in Figure 1, the beam sequence according to ssb-PositionsInBurst in SIB1 is 1, 2, 3, and the beam sequence index for a UE is 1, then the monitoring occasions with index of 1, 4, 7 and 10 need to be monitored by the UE.
[image: ]
[bookmark: _Ref78881793]Figure 1: Beam sweeping for MTCH
Based on the above discussions, the following are proposed:
Proposal 9: MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity   and the offset to the starting of the periodicity :
· the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame.
Proposal 10: 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 G-RNTI window/N). 
· 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.
MCCH change notification
Last meeting agreed to study and to 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).
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;

The mechanisms that are supported in LTE are summarized in [3]. Basically, there are two approaches using a dedicated RNTI as Alt 1 and the scheduling DCI including the notification as Alt 2. 
1. Alt 1: Dedicated RNTI scrambling a specific DCI
For MBSFN and SC-PTM, DCI format 1C scrambled by a dedicated RNTI (M-RNTI and SC-N-RNTI for MBSFN and SC-PTM, respectively) are used for notifying the start of the session. All other bits in DCI format 1C are reserved for DCI size alignment. 
The change notified by a specific DCI which is not used for scheduling means UE needs to monitor one more DCI format in addition to the one for scheduling MCCH/MTCH, which is not necessarily needed. 
Moreover, DCI format 1C is transmitted only when MCCH change (i.e., session starts) happens. If UE missed the DCI format 1C for the notification, UE continues receiving MTCH according to the outdated MCCH configuration, which could lead to degraded system performance and should be avoided as much as possible. Instead, using a field in the DCI scheduling MCCH to notify the MCCH change can reduce the possibility of UE missing an MCCH change notification, because the DCI scheduling MCCH will be transmitted from network whenever MCCH is transmitted.
In addition, the modification of an ongoing session is also provided with an explicit notification from the network in addition to the session start notification. Defining a dedicated RNTI solely could not notify the two changes. 
Proposal 11: A specific DCI scrambled by a dedicated RNTI is not necessary and not sufficient for notifying the session start and the modification of an ongoing session (including session stop). 
1. Alt 2: Scheduling DCI including a specific field
In RAN2#115 meeting [4], it was agreed that do not specify any mechanism to address the possibility of UE missing an MCCH change notification and it is left to UE implementation and it is up to network implementation (e.g. paging repetitions) for addressing scenario of potential notification loss for UEs. Alt 2 can reduce the possibility of UE missing an MCCH change notification because the DCI scheduling MCCH will be transmitted from network whenever MCCH is transmitted.
In addition, the session start and the modification of an ongoing session both need to be notified. Since a specific DCI scrambled by a dedicated RNTI is not sufficient to notify the two changes, discussing how to use the DCI field is inevitable. Hence, using a field in the DCI scheduling MCCH to notify the two changes is more straightforward and simpler. Which field is used for this purpose can be discussed later when the discussion of DCI for MCCH scheduling is more mature. 
Proposal 12: Using a field in DCI scheduling MCCH to notify the session start and the modification of an ongoing session, i.e., Alt2. 
· Send LS to RAN2 with the mechanism RAN1 agreed. 
Conclusions
This contribution discusses the details for UE receiving broadcast especially in RRC_IDLE/ RRC_INACTIVE states. The following proposals are as follows:
Proposal 1: Support a configurable ID for scrambling sequence and DMRS generator initialization for scheduling broadcast, specifically:
· For initializing scrambling sequence generator for GC-PDCCH/PDSCH with/scheduled by the first DCI format,  is an value configured by the higher layer parameter, respectively. 
· For initializing DMRS generator of GC-PDCCH/PDSCH with/scheduled by the first DCI format,  is a value configured by the higher layer parameter, respectively. 
Proposal 2: The configurable ID for scrambling sequence and DMRS generator initialization for scheduling broadcast is per G-RNTI instead of per UE. 
Proposal 3: Periodic TRS can be configured as QCL source for broadcast transmission especially for RRC_IDLE/INACTIVE UE. 
Proposal 4: Case E seems more motivated than case D by MTCH requiring a larger bandwidth size than the size of SIB configured initial BWP. 
· If case E is supported, it is up to RAN2 how to name case E for minimizing the specification impact. 
Proposal 5: RateMatchPattern can be configured together with the CFR configured for broadcast reception for RRC_IDLE/INACTIVE UEs .
Proposal 6: When the CFR for MCCH/MTCH is configured with the same size as SIB1 configured initial BWP, in addition to CORESET#0, the other CORESET larger than CORESET#0 can be configured. 
Proposal 7: For MTCH scheduling, both searchSpace#0 and Type-x CSS can be configured for GC-PDCCH scheduling MTCH. 
Proposal 8: The CFR, CORESET, and search space for MCCH and MTCH can be configured separately. 
· The CFR, CORESET, and search space for MTCH scheduling can be included in MCCH. 
Proposal 9: MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity   and the offset to the starting of the periodicity :
· the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame.
Proposal 10: 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 G-RNTI window/N). 
· 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.
Proposal 11: A specific DCI scrambled by a dedicated RNTI is not necessary and not sufficient for notifying the session start and the modification of an ongoing session (including session stop). 
Proposal 12: Using a field in DCI scheduling MCCH to notify the session start and the modification of an ongoing session, i.e., Alt2. 
· Send LS to RAN2 with the mechanism RAN1 agreed. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref83230582][bookmark: _Ref60654691]RP-212559, “Moderator's summary for email discussion [93e-19-MBS-WI]”, 3GPP RAN1 WG Vice-Chair, RAN#93-e, Sep. 13-17, 2021. 
[2] [bookmark: _Ref83232359]RAN1 Chairman’s Notes, RAN1#106-e, Aug. 16-27, 2021.
[3] [bookmark: _Ref70346501]R1-2109742, “Impact from MCCH and MTCH on broadcast reception, RAN1#106bis-e, Huawei, HiSilicon”, Oct. 11-19, 2021.
[4] [bookmark: _Ref83216160]RAN2 Chairman’s Notes, RAN2#115-e, Aug. 9-27, 2021.

Appendix
The PDCCH monitoring occasions associated with the actual transmitted SSB for paging and OSI are present in this appendix for reference of discussion for beam sweeping for MTCH. 
Paging
UE calculates the index of PO determined by i_s = floor (UE_ID/N) mod Ns, as illustrated in TS 38.304. When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S. 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*X. If X > 1, when the UE detects a PDCCH transmission addressed to P-RNTI within its PO, the UE is not required to monitor the subsequent PDCCH monitoring occasions for this PO.
Figure 2 gives an example of beam sweeping for paging not using SS0. UE1 monitors the 4 PDCCH monitoring occasions (MOs) which associate with 4 actual transmitted SSBs within PO1, and UE2 monitors the 4 PDCCH MOs which also associate with 4 actual transmitted SSBs within PO2. The UE only monitors one PO.
[image: ]
[bookmark: _Ref71660368]Figure 2: Beam sweeping for paging not using SS0
OSI
According to TS 38.331, 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 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213. 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.
Figure 3 gives an example of beam sweeping for other system information (OSI) not using SS0. In the SI window, 8 PDCCH MOs are mapping to 4 actual transmitted SSBs.
[image: ]
[bookmark: _Ref71660374]Figure 3: Beam sweeping for OSI not using SS0
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