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Introduction
[bookmark: _Hlk525462591]Based on the outcome of RAN1-106-bis-e meeting, the following agreements have been made via email discussions for UEs in RRC_IDLE/INACTIVE state:
· 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: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for MTCH.
· 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
· 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.
· 
· 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.
· 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 our companion contribution, we provide the discussions related to group scheduling mechanism to support broadcast/multicast services for RRC_CONNECTED UEs in [1], discussions related to improve reliability of broadcast/multicast services for RRC_CONNECTED UEs in [2], and other aspects for Rel17 MBS in [3].
Considerations of 5G NR Broadcast for RRC_IDLE / RRC_INACTIVE UEs
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]CFR/BWP considerations for broadcast services of RRC_IDLE/INACTIVE UEs
In the RAN1-106-bis-e meeting, the goal of selection to “Support at least one of Case D and Case E” was not achieved in the end, as it was agreed in RAN#93-e. There were intensive email discussions again about the topic during the meeting. To our view, the support of Case C, Case D, and Case E can be achieved in the same manner with a common signaling design approach, and all three cases should be treated with the same design priority. The difference among the Case D, Case E, as well as previously agreed Case C, is just the matter of configured value of CFR size, and the Case C and Case D can be seen as a subset of Case E.
Proposal-1: Support of CFR Case D and Case E.

· CFR of MCCH and MTCH:



Figure-1: CFRs for MCCH and MTCH
Practically the traffic payload size for MCCH and MTCH can be different a lot, where the control configuration payload carried via MCCH can be much smaller than the MBS traffic data payload carried via MTCH. Thus, the CFR for MCCH and MTCH can be also configured differently and controlled by network gNB based on traffic needs. An example is shown in Figure-1 with CFR Case C-1, where the MCCH CFR can be configured in CORESET#0 region and the MTCH CFR can be configured differently with larger CFR identical to initial BWP.
Proposal-2: CFR for MCCH and MTCH can be configured differently.
In RAN1-105-e meeting, it has been agreed that only one CFR can be configured for group-common PDCCH/PDSCH carrying MCCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state. However, by considering that the traffic data size of different MBS services could be varying a lot, and depending on the MBS services applied, the MTCH CFR can be also configured differently by network gNB for different MBS services. For instance, as shown in CFR Case C-2 of Figure-1, the same MCCH CFR associated with CORESET#0 can be configured for both MBS services, and for MTCH-1 service that requires low data rate, the CFR of MTCH-1 can be also configured to be associated with CORESET#0. However, for MTCH-2 service that requires higher data rate, the larger CFR that is identical to SIB1 configured initial BWP can be configured. Thus, from network point of view, the MTCH CFR can be configured per G-RNTI or G-CS-RNTI, where there can be multiple MTCH CFRs configured by gNB correspond to different MBS services applied. At UE terminal side, and based on UE implementation and capability, either the largest configured CFR can be applied all the time by UE, or the switching of CFRs based on the reception of configured MBS service. With switching of MTCH CFR based on UE implementation, it may bring additional benefits in terms of UE power saving, as shown in Figure-2.
[image: ]
Figure-2: Switching of MTCH CFR based on UE implementation and capability
Proposal-3: From network point of view, the MTCH CFR can be configured per G-RNTI or G-CS-RNTI, where there can be multiple MTCH CFRs configured by gNB.
Proposal-4: At UE side, based on UE implementation and capability, either the largest configured CFR can be applied all the time, or the switching of MTCH CFR based on the reception of configured MBS service.
Moreover, regarding the CFR/BWP configuration, the below agreement has been made in RRC_CONNECTED with Point A as reference point of starting PRB. Thus, for RRC_IDLE/INACTIVE, the same Point A as reference point of starting PRB should be considered with the same manner for all Case C, Case D and Case E.
Agreement: For indication of the starting PRB and the length of PRBs of CFR for multicast of RRC-CONNECTED UEs,
· the starting PRB is referenced to Point A, i.e., the starting PRB is a PRB determined by subcarrierSpacing of the associated BWP and offsetToCarrier corresponding to this subcarrier spacing, similar as how locationAndBandwidth of a BWP is indicated as described in TS 38.331.
· FFS: Indication mechanism.
Proposal-5: To align the outcome agreement with RRC_CONNECTED, the Point A as reference point of starting PRB for CFR configuration of RRC_IDLE/INACTIVE UEs for all Case C, Case D and Case E.
In the last RAN1-106-e meeting, following proposal has been discussed regarding SPS for NR Rel17 broadcast, but without agreement being reached in the end.
Proposal: Support SPS GC-PDSCH carrying MTCH for broadcast reception with UEs in RRC_IDLE/INACTICE state.
· Configuration to receive SPS GC-PDSCH, including an IE SPS-Config, is included in MCCH.
· FFS details of the IE SPS-Config: periodicity and offset.
Generally, the SPS is benefit for services characterized by regularly occurring transmission of relatively small payloads in terms of control signaling overhead saving. Technically, there can be SPS with or without DCI activation. For SPS with DCI activation, there can be an issue for RRC_IDLE/INACTIVE UE, as well as for the new arriving RRC_IDLE/INACTIVE UE, who may miss reception of SPS DCI activation, and currently there is no support of corresponding UL ACK/NACK in Rel17 MBS sending from RRC_IDLE/INACTIVE UE to network gNB. By missing of the SPS DCI activation, the RRC_IDLE/INACTIVE UEs may need to wait for a long time before it gets to start to receive the interested broadcast services. Thus, SPS with DCI activation is not sensible for broadcast for RRC_ IDLE/INACTIVE UEs. By considering of SPS without DCI activation, the configured time domain offset similar to the uplink configured grant Type_1 can be considered, i.e. by including timeDomainOffset in the SPS-Config IE of periodic MCCH.
Proposal-6: Discuss on support of SPS without DCI activation for broadcast reception.
By considering that there is no UL feedback associated reliability scheme supported for broadcast reception with RRC_IDLE/INACTIVE UEs in Rel17 MBS, to provide a certain broadcast coverage and reliability transmission/reception, it is beneficial to support slot-level repetition for GC-PDCCH/PDSCH carrying MCCH/MTCH. Moreover, the repetition framework for RRC_CONNECTED UE receiving multicast has been agreed with the agreements shown in below. Similar repetition approaches can be considered, where the parameters, i.e. pdsch-AggregationFactor or repetitionNumber, can be configured for RRC_IDLE/INACTIVE UEs via SIB or MCCH with consecutive GC-PDSCH broadcast transmission/reception.
Agreement: For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
Agreement:
· If configured, the pdsch-AggregationFactor for multicast dynamic scheduling is configured per G-RNTI. 
· If configured, the pdsch-AggregationFactor for multicast SPS is configured per SPS-Config-Multicast. 
Agreement:
For slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A or Config B can be configured to UE:
1. (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
2. (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. If UE is configured with Config B, UE does not expect to be configured with Config A for the same SPS group-common PDSCH.
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is
1. Alt1: equal to 1.
Proposal-7: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for GC-PDCCH/PDSCH carrying MCCH/MTCH.
Proposal-8: Further discussion on whether both Config A and Config B could be supported for broadcast reception, and whether it can be applied for both dynamic and semi-persistent scheduling.
Specifically, regarding DCI format for pdsch-AggregationFactor, currently only DCI format 1_1 is supported as described in TS38.214. Now by considering the DCI format 1_0 is only going to be supported for RRC_IDLE/INACTIVE UEs with broadcast reception, it is therefore proposed that “when receiving group-common PDSCH scheduled by DCI format 1_0 in group-common PDCCH with CRC scrambled by G-RNTI or G-CS-CRNTI for broadcast reception, with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots”.
Proposal-9: It is proposed that “when receiving group-common PDSCH scheduled by DCI format 1_0 in group-common PDCCH with CRC scrambled by G-RNTI or G-CS-CRNTI for broadcast reception, with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots”.

CORESET, Search Space and DCI considerations for broadcast services of RRC_IDLE/INACTIVE UEs

· CORESET consideration:
Based on the outcome in RAN1-105-e meeting, it has been only agreed that the same CORESET can be utilized for GC-PDCCH of MCCH and MTCH. However, by considering that the CFR for MCCH and MTCH can be configured differently as stated in above, it is proposed that different/separate CORESET can be also utilized for GC-PDCCH of MCCH and MTCH, i.e. CORESET of MCCH GC-PDCCH associated with CORESET#0, and CORESET of MTCH GC-PDCCH associated with CFR_CORESET.
Proposal-10: Support different/separate CORESET can be utilized for GC-PDCCH of MCCH and MTCH.
Furthermore, in RAN1-105-e meeting it has been agreed that the maximum number of CORESETs for UE mandatory support is still two as Rel15/Rel16 UEs. And it has been further agreed that for CFR Case A the CORESET configured for RRC_IDLE/INACTIVE UEs can be CORESET#0 or CORESET via legacy commonControlResourceSet of SIB1 initial BWP configuration or both. By further considering of CFR Case C, Case D and Case E, the corresponding CFR_CORESET can be configured in the same manner by network gNB, and CORESET#0 is applied as default if corresponding CFR_CORESET is not configured.
Proposal-11: For CFR Case C, Case D and Case E, the corresponding CFR_CORESET can be configured in the same manner by network gNB, and CORESET#0 is applied as default if CFR_CORESET is not configured.
· Search space (SS) consideration:
Furthermore, it has been agreed in RAN1-105-e meeting that the same common search space (CSS) can be applied for MCCH and MTCH. Moreover, in RAN1-106-e meeting, it has been further concluded that there will be no new CSS other than legacy CSS is defined for RRC_IDLE/INACTIVE UEs.
In legacy, the Type0/0A/1/2-PDCCH can be applied to RRC_IDLE/INACTIVE UEs associated with the CSS of CORESET#0. For the operation of MBS services, there is a need to define a new Type-y CSS that is associated with at least G-RNTI (MTCH) or GS-RNTI (MCCH), and this newly defined Type-y CSS can be monitored by RRC_IDLE/INACTIVE UEs in the CORESET#0 as well as in the CORESET of (Case C/D/E) CFR if configured. 
Currently, in AI-8.12.1 with RRC_CONNECTED mode UE discussion, it is understood that the defined Type-x CSS is not Type-3 CSS, since there are different monitoring priority rules associated with Type-x and Type-3 CSS. Moreover, there is an open question from RAN1#106-e meeting, on whether the “Type-x CSS supported for multicast in RRC_CONNECTED can be reused as baseline for broadcast in RRC_IDLE/RRC_INACTIVE”. 
Agreement: [RAN1#106-e] 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.
From the signalling configuration perspective, the Type-x CSS and Type-y CSS can be different, where the Type-x CSS can be configured via UE dedicated SearchSpace configuration in PDCCH-Config with searchSpaceType=common, and for Type-y CSS, the corresponding SearchSpace configuration is carried differently either via SIB or MCCH. Therefore, from signalling configuration perspective, the Type-x CSS defined in RRC_CONNECTED cannot be directly reused, and there may need to define a new Type-y CSS specifically for RRC_IDLE/INACTIVE UE with MBS operation.
Proposal-12: From signalling configuration perspective, the Type-x CSS defined in RRC_CONNECTED cannot be directly reused, and there may need to define a new Type-y CSS specifically for RRC_IDLE/INACTIVE UE with MBS operation.

· DCI format consideration:
It has been agreed in RAN1-105-e meeting that, for RRC_IDLE/RRC_INACTIVE UEs, the DCI format 1_0 is used as baseline for broadcast reception of GC-PDCCH of MCCH and MTCH. Moreover, it has been further agreed in RAN1-106-e that 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.
Proposal-13: Support of DCI format 1_0 only is sufficient for broadcast reception for RRC_IDLE/INACTIVE UEs.
Furthermore, regarding the details of fields in DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state, we have the following considerations:
Fields have been agreed in RAN1-106-e:
· FDRA field: 
· Based on the current NR specification, the UE shall assume that the downlink resource allocation Type_1 is used when the scheduling grant is received with DCI format 1_0. Currently, it is understood that, for Rel17 MBS, the support of DCI format 1_0 only seems to be sufficient for broadcast reception for RRC_IDLE/INACTIVE UEs. Thus, the supporting of resource allocation type Type_1 is sufficient. 
· TDRA field
· Modulation and coding scheme field
· Redundancy version field
FFS fields to be considered:
· VRB-to-PRB mapping field (0 or 1 bit): 
· If DCI format 1_0 is the only DCI format to be supported, the VRB-to-PRB mapping can be fixed with interleaved, meaning the non-interleaved is not supported with Rel17 MBS by specification. By doing so, this field can be saved.
· TB scaling field:
· Generally, if PDSCH resources are allocated for a Paging message or a Random Access Response (DCI Format 1_0 using the P-RNTI or an RA-RNTI), then a scaling factor is applied to the value of Ninfo for TBS size determination. The scaling factor is based upon the value of the 'Transport Block Scaling' field within DCI Format 1_0. This field defines a pointer to a row in Table 5.1.3.2-2 in TS38.214. The scaling factors of 0.5 and 0.25 reduce the resultant Transport Block Size which leads to a lower coding rate, i.e. increased redundancy improves the reliability of these transmissions. 
· By considering diverse MBS services that to be supported in Rel17 MBS, it can be beneficial to provide robustness transmission when services required via the supported TB scaling field.
· HARQ process number field:
· In LTE, there were no support of HARQ combining for broadcast. Thus, it does not require of HARQ process(es). For NR Rel17 broadcast, following options has been provided by company in RAN1-106-e meeting on how to support HARQ processes for broadcast services:
· Opt1: not support HARQ combining for broadcast, not requiring HARQ process(es)
· Opt2: support HARQ combining for broadcast, requiring HARQ process(es).
· Opt2-1: introduce additional dedicated HARQ process(es), by increasing the total number of HARQ processes per UE, which may increase UE complexity due to larger soft buffer.
· Opt2-2: share the dedicated HARQ process with SIB, which may limit to the HARQ process with low data rate/QPSK due to small soft buffer for SIB.
· Opt2-3: borrow HARQ process(es) from unicast/multicast, with no increasing of the total number of HARQ processes per UE.
· To our view, the limited soft buffer with Opt2-2 is too restrictive for MBS applications with large payload size. Thus, the Opt2-2 is not preferred. For Opt2-3, it is possible to support HARQ combining for broadcast without increasing the UE soft buffer size. But in reality, for RRC_CONNECTED UEs, sharing or limiting the number of HARQ processes for unicast/multicast may impact the performance of unicast/multicast transmission with large payload. Thus, the Opt2-3 is not preferred. The support of Opt1 without HARQ combining as LTE is the simplest solution without increasing the UE capability with large buffer size. However, the HARQ combining with different RVs can be beneficial for some broadcast services with certain QoS required. Moreover, in RAN1-106-e meeting, it has been agreed that the redundancy version field is included. The support of Opt2-1 with slightly increase UE complexity can be beneficial for NR Rel17 broadcast services, and single additional dedicated HARQ process seems to be sufficient for all broadcast services associated with different G-RNTIs.
· Based on the above understanding, with either Opt1 or Opt2-1 in mind, there is no need of including HARQ process number in the DCI field. 
· New data indicator field: 
· This field is utilized to indicate whether the transmission is a new initial transmission or a re-transmission, and the NDI is only toggled with new initial transmission for a HARQ process. Instead of configured repetition via pdsch-AggregationFactor or repetitionNumber as discussed in Section 2.1, for a certain TB, the gNB could still use NDI+RV to dynamically repeat to transmit the same TB, for instance, there are 4 transmissions with different RV=0/2/3/4 for TB#0 with NDI=0, and then following by 4 transmissions with different RV=0/2/3/4 for TB#1 with NDI=1, and then following 4 transmissions with different RV=0/2/3/4 for TB#2 with NDI=0. The toggling of the NDI field in the DCI indicates a new initial transmission to the UE. At UE side, the UE could perform RV combining of the same TB by knowing different RV at each transmission. Therefore, it is beneficial to support NDI in the DCI field for broadcast. Together with already agreed RV field, the UE may know if the soft combing should be performed with the previously received data in the soft buffer or the soft buffer should be clearly with deleting of previously received data in the buffer.
· Reserved bits field (if needed)
Other fields that could be further discussed:
· MCCH change notification field (if supported and only for MCCH)
· TRS related field (if agree to be supported)

Proposal-14: Confirm DCI format 1_0 is sufficient for broadcast reception for RRC_IDLE/INACTIVE UEs.
FFS: If DCI format other than format 1_0 is agreed, further discuss the resource allocation type applied for Rel17 broadcast for RRC_IDLE/INACTIVE UEs.
Proposal-15: If DCI format 1_0 is the only DCI format to be supported, the VRB-to-PRB mapping can be fixed with interleaved, and this field is not needed.
Proposal-16: Considering of TB scaling field be included in the DCI.
Proposal-17: It is beneficial to support of HARQ combining for broadcast with slightly increase UE complexity, where a single additional dedicated HARQ process seems to be sufficient for all broadcast services associated with different G-RNTIs. And there is no need of including HARQ process number in the DCI field. 
Proposal-18: It is beneficial to support NDI in the DCI field for broadcast to assist UE RV combining.
Proposal-19: Further discuss other fields to be included in the DCI, i.e. MCCH change notification field (if supported for MCCH), and TRS related field (if supported for MTCH).
Consideration on Tracking Reference Signal support for RRC_IDLE/INACTIVE UEs
Currently in Rel17 MBS, there will be no UL feedback associated reliability scheme specified for RRC_IDLE/INACTIVE UEs according to the WID. Moreover, it is ongoing discussion on whether and how to support slot-level repetition for MCCH/MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state. It is understood that the supporting of TRS could provide higher modulation with higher spectra efficiency for GC-PDSCH reception, especially for MTCH. However, from robustness perspective for RRC_IDLE/INACTIVE UE with broadcast reception, the scheme based on SSB with lower modulation scheme could be a better solution in practice. For further discussion and supporting of TRS with higher modulation scheme, it is preferred having performance evaluation and justification provided from the proponents before the proceeding of detailed specification work. 
Observation-1: Scheme based on SSB with lower modulation scheme could be a better solution in practice from robustness perspective for RRC_IDLE/INACTIVE UE with broadcast transmission.
Proposal-20: For further discussion and supporting of TRS with higher modulation scheme, it is preferred having performance evaluation and justification from the proponents before the detailed specification work.
With support of TRS for Rel17 MBS RRC_IDLE/INACTIVE UE, it is also understood that the TRS can be utilized as QCL sources for broadcast transmission, and it can be beneficial in (multi-cell Intra-DU) SFN scenario. Based on the outcome of RAN#93e, there is no update of Rel17 MBS WID, meaning that there is no standardized support specifically for SFN is provided in Rel17 MBS WI. Any SFN operation should be transparent to the UE.
Observation-2: Based on the outcome of RAN#93e, there is no update of Rel17 MBS WID, meaning that there is no standardized support specifically for SFN is provided in Rel17 MBS WI. Any SFN operation should be transparent to the UE.
Furthermore, there is ongoing work on support of TRS for RRC_IDLE/INATIVE UEs in Rel17 UE power saving WI. How to align the TRS framework for RRC_IDLE/INATIVE UEs between the two Rel17 WIs need to be carefully considered, so as to avoid parallel duplicated work in Rel17 on supporting of TRS for RRC_IDLE/INATIVE UEs. Considering now we have only 2 RAN1 meeting left for Rel17 MBS, if there is not enough time for specifying TRS for RRC_IDLE/INACTIVE UEs in Rel17 MBS, it can be further considered as a candidate in upcoming Rel18 MBS work.
Observation-3: There is ongoing work on support of TRS for RRC_IDLE/INATIVE UEs in Rel17 UE power saving WI. How to align the two Rel17 Wis need to be carefully considered, so as to parallel duplicated work in Rel17 on supporting of TRS for RRC_IDLE/INATIVE UEs.
Proposal-21: If there is not enough time for specifying TRS for RRC_IDLE/INACTIVE UEs in Rel17 MBS, it can be further considered as a candidate in upcoming Rel18 MBS work.
Discussion on Beam Sweeping support for RRC_IDLE / RRC_INACTIVE UEs
Rel17 MBS is the very first release for NR, it is preferred to keep the robust SSB-based beam sweeping operation as SIB for RRC_IDLE/INACTIVE UEs for both MCCH and MTCH. Due to the limited working time left for Rel17 MBS, supporting of more advanced beam sweeping operation for MBS could be considered in future releases.
Proposal-22: It is preferred to keep the robust SSB-based beam sweeping operation as SIB for RRC_IDLE/INACTIVE UEs for both MCCH and MTCH in Rel17 MBS.

Association rules between SSB indexes and UE monitoring occasions
In RAN1-106-e meeting, it has been agreed that, if common search space other than SS#0 is configured for MTCH, the mapping of PDCCH monitoring occasions could be configured with the existing rule as defined for OSI in TS 38.331 as starting point. Furthermore, it has been agreed a MTCH scheduling window can be configured.
· Definition of transmission window for MTCH:
To our understanding, the configured MTCH scheduling window corresponds to the broadcast DRX pattern, where the corresponding parameters, i.e. onDuration (periodicity) and SlotOffset (starting of the periodicity) have already been agreed and defined in RAN2-115-e meeting, as shown in below. And correspondingly, the MTCH scheduling window is configured per G-RNTI, and practically a MTCH scheduling window can be configured by gNB to be associated with multiple G-RNTI.
RAN2 DRX Agreements: Broadcast DRX is configured per G-RNTI.
· (Boradcast) PTM DRX parameters: drx-onDurationTimerPTM, drx-SlotOffsetPTM, drx-InactivityTimerPTM, drx-CycleStartOffsetPTM

Proposal-23: The configured MTCH scheduling window corresponds to the broadcast DRX pattern, as already been agreed in RAN2.
Proposal-24: The MTCH scheduling window is configured per G-RNTI, and practically a MTCH scheduling window can be configured by gNB to be associated with multiple G-RNTI.
· Additional association rules between SSB indexes and UE monitoring occasions:
The traffic characteristics of MBS services with MTCH can be quite different from legacy OSI transmission. For instance, the SSB beam associated with the MTCH traffic of an MBS service can be different from OSI transmissions, meaning that some of the SSB beams associated with OSI transmission, but it may not have MBS services being transmitted in these SSB beams. Moreover, the traffic scheduling of MBS services for a certain SSB beam can be more dynamic than OSI information scheduling, where there can be more dynamic “ON/OFF” scheduling of MBS services for a certain SSB beam depends on RRC_IDLE/INACTIVE UEs’ interests camping at the beam.
Furthermore, the traffic characteristics of different MBS services can be also quite different. In practice a SSB beam may be associated with some of the MBS services, but it may not with other MBS services due to lack of RRC_IDLE/INACTIVE UEs presenting at the SSB beam. Moreover, depends on the reliability expectations for different MBS services required, the number of slot-level PDSCH repetition transmissions per SSB beam within the on-duration window can be also configured.
Based on the above understanding, it is proposed to consider additional way of association rules between SSB indexes and UE monitoring occasions other than the rule defined for OSI in TS 38.331.
Proposal-25: It is proposed to consider additional association rules between SSB indexes and UE monitoring occasions other than the rule defined for OSI in TS 38.331.
To allow the network to better control the number of mapped SSB beams within a MBS window, the number of mapped SSB beams among each MBS window duration can be evenly distributed, meaning that the legacy mapping across the MBS window can be “disabled” by the network. Compared with legacy mapping in TS 38.331, as shown in case (a) of Figure-3, the MBS transmission is evenly transmitted and being monitored at SSB#0, SSB#2, SSB#3 at the configured MBS window duration, as shown in case (b) of Figure-3, where the mapping is based on SSB index with MBS transmission, and practically the configured on-duration for MO can be larger than the number of actual MBS transmitted SSB beams, i.e. 5 MOs in the configured on-duration window with 3 SSB beams associated with MBS transmission as shown in Figure-3.


Figure-3: Mapping across window “Disabled”
Furthermore, as discussed in above, the number of repetition transmission of different MBS services for each SSB beam within the on-duration window can be quite different. Thus, the number of repetition transmissions for each SSB beam within the MBS window duration can be controlled by the network. 
For example as shown in Figure-4, the MBS service is evenly transmitted at SSB#0, SSB#2, SSB#3 at the configured MBS window duration, and in each MBS window, there can be repetition of all SSB beams configured by the network, or only repetition of specific SSB beams that controlled by the network.


Figure-4: Repetition mapping within on-duration window
with mapping across window “Disabled”

Proposal-26: Consider the SSB index to PDCCH MO mapping across the MBS window can be “disabled” by network. Thus, the mapped number of mapped SSB beams can be evenly distributed among each MCCH window duration.
Proposal-27: Allow the network to control the number of repetition transmission for each SSB beam within the on-duration window.

MBS Interest Indication for UEs in RRC_IDLE/INACTIVE State
To support partial beam sweeping with UEs in RRC_IDLE/INACTIVE states, the gNB needs to have the knowledge of knowing at which SSB beam there are the RRC_IDLE/INACTIVE UEs, that are interested at which MBS broadcast services. Therefore, a certain means for UEs in RRC_IDLE/INACTIVE states to provide the MBS interest indication need to be discussed. For example, based on the PDCCH order indication from gNB, the UEs in RRC_IDLE/INACTIVE states may send a preamble that is associated with MBS service(s) to inform the gNB about its interests to MBS service(s).
Proposal-28: Propose to discuss the way of MBS service interest indication for UEs in RRC_IDLE/INACTIVE states.
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 observations and proposals: 
Proposal-1: Support of CFR Case D and Case E.
Proposal-2: CFR for MCCH and MTCH can be configured differently.
Proposal-3: From network point of view, the MTCH CFR can be configured per G-RNTI or G-CS-RNTI, where there can be multiple MTCH CFRs configured by gNB.
Proposal-4: At UE side, based on UE implementation and capability, either the largest configured CFR can be applied all the time, or the switching of MTCH CFR based on the reception of configured MBS service.
Proposal-5: To align the outcome agreement with RRC_CONNECTED, the Point A as reference point of starting PRB for CFR configuration of RRC_IDLE/INACTIVE UEs for all Case C, Case D and Case E.
Proposal-6: Discuss on support of SPS without DCI activation for broadcast reception.
Proposal-7: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for GC-PDCCH/PDSCH carrying MCCH/MTCH.
Proposal-8: Further discussion on whether both Config A and Config B could be supported for broadcast reception, and whether it can be applied for both dynamic and semi-persistent scheduling.
Proposal-9: It is proposed that “when receiving group-common PDSCH scheduled by DCI format 1_0 in group-common PDCCH with CRC scrambled by G-RNTI or G-CS-CRNTI for broadcast reception, with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots”.
Proposal-10: Support different/separate CORESET can be utilized for GC-PDCCH of MCCH and MTCH.
Proposal-11: For CFR Case C, Case D and Case E, the corresponding CFR_CORESET can be configured in the same manner by network gNB, and CORESET#0 is applied as default if CFR_CORESET is not configured.
Proposal-12: From signalling configuration perspective, the Type-x CSS defined in RRC_CONNECTED cannot be directly reused, and there may need to define a new Type-y CSS specifically for RRC_IDLE/INACTIVE UE with MBS operation.
Proposal-13: Support of DCI format 1_0 only is sufficient for broadcast reception for RRC_IDLE/INACTIVE UEs.
Proposal-14: Confirm DCI format 1_0 is sufficient for broadcast reception for RRC_IDLE/INACTIVE UEs.
FFS: If DCI format other than format 1_0 is agreed, further discuss the resource allocation type applied for Rel17 broadcast for RRC_IDLE/INACTIVE UEs.
Proposal-15: If DCI format 1_0 is the only DCI format to be supported, the VRB-to-PRB mapping can be fixed with interleaved, and this field is not needed.
Proposal-16: Considering of TB scaling field be included in the DCI.
Proposal-17: It is beneficial to support of HARQ combining for broadcast with slightly increase UE complexity, where a single additional dedicated HARQ process seems to be sufficient for all broadcast services associated with different G-RNTIs. And there is no need of including HARQ process number in the DCI field. 
Proposal-18: It is beneficial to support NDI in the DCI field for broadcast to assist UE RV combining.
Proposal-19: Further discuss other fields to be included in the DCI, i.e. MCCH change notification field (if supported for MCCH), and TRS related field (if supported for MTCH).
Observation-1: Scheme based on SSB with lower modulation scheme could be a better solution in practice from robustness perspective for RRC_IDLE/INACTIVE UE with broadcast transmission.
Proposal-20: For further discussion and supporting of TRS with higher modulation scheme, it is preferred having performance evaluation and justification from the proponents before the detailed specification work.
Observation-2: Based on the outcome of RAN#93e, there is no update of Rel17 MBS WID, meaning that there is no standardized support specifically for SFN is provided in Rel17 MBS WI. Any SFN operation should be transparent to the UE.
Observation-3: There is ongoing work on support of TRS for RRC_IDLE/INATIVE UEs in Rel17 UE power saving WI. How to align the two Rel17 Wis need to be carefully considered, so as to parallel duplicated work in Rel17 on supporting of TRS for RRC_IDLE/INATIVE UEs.
Proposal-21: If there is not enough time for specifying TRS for RRC_IDLE/INACTIVE UEs in Rel17 MBS, it can be further considered as a candidate in upcoming Rel18 MBS work.
Proposal-22: It is preferred to keep the robust SSB-based beam sweeping operation as SIB for RRC_IDLE/INACTIVE UEs for both MCCH and MTCH in Rel17 MBS.
Proposal-23: The configured MTCH scheduling window corresponds to the broadcast DRX pattern, as already been agreed in RAN2.
Proposal-24: The MTCH scheduling window is configured per G-RNTI, and practically a MTCH scheduling window can be configured by gNB to be associated with multiple G-RNTI.
Proposal-25: It is proposed to consider additional association rules between SSB indexes and UE monitoring occasions other than the rule defined for OSI in TS 38.331.
Proposal-26: Consider the SSB index to PDCCH MO mapping across the MBS window can be “disabled” by network. Thus, the mapped number of mapped SSB beams can be evenly distributed among each MCCH window duration.
Proposal-27: Allow the network to control the number of repetition transmission for each SSB beam within the on-duration window.
Proposal-28: Propose to discuss the way of MBS service interest indication for UEs in RRC_IDLE/INACTIVE states.
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