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Introduction
[bookmark: _Hlk525462591]Following the outcome of RAN#94 meeting for UEs in RRC_IDLE/INACTIVE state, some essential open issues are further discussed and proposed in this contribution. In our companion contribution, we also provide the discussions related to group scheduling mechanism to support broadcast/multicast services for RRC_CONNECTED UEs in [1], and discussions related to improve reliability of broadcast/multicast services for RRC_CONNECTED UEs in [2].
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
Based on the outcome of RAN#94 meeting discussion, it was agreed that for a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state, Case E (CFR can be larger than the SIB1 configured initial BWP) is supported, under the assumption that this is done by RAN2 with zero RAN1 impact.
Observation-1: Based on the outcome of RAN#94, Case E (CFR for UEs in RRC_IDLE/INACTIVE state can be larger than the SIB1 configured initial BWP) is supported, under the assumption that this is done by RAN2 with zero RAN1 impact.
Moreover, in legacy the CORESET#0 is the only initial BWP for UEs in RRC IDLE/INACTIVE state. And now for UEs in RRC_IDLE/INACTIVE state with broadcast reception, the new introduced CFR for carrying the broadcast traffic can be equal or even larger than the CORESET#0 initial BWP. Thus, the CFR should be considered as a new BWP (in addition to the CORESET#0 initial BWP) for UEs in RRC_IDLE/INACTIVE state.
Proposal-1: The configured/defined CFR for broadcast reception should be considered as a new BWP (in addition to the CORESET#0 initial BWP) for UEs in RRC_IDLE/INACTIVE state.
Furthermore, it has been agreed that the CFR can be configured per BWP for multicast, based on the agreement from UEs in RRC_CONNECTED mode discussion in AI 8.12.1, which means that there can be multiple CFRs configured for multicast transmission, and with each CFR corresponds to a different multicast service with associated G-RNTI. Now by considering that the traffic data size of different broadcast services could be varying a lot, and depending on the broadcast services applied, the MTCH CFR/BWP could be also configured differently by network gNB for different broadcast services. From network point of view, the broadcast MTCH CFR/BWP can be configured per G-RNTI or G-CS-RNTI, where there can be multiple MTCH CFRs/BWPs configured by gNB correspond to different broadcast services applied, i.e. a broadcast MTCH traffic with low data rate associated with the narrow CORESET#0 initial BWP, and other broadcast MTCH traffic with high data rate associated with the configured/defined larger CFR/BWP. 
Proposal-2: From network point of view, the broadcast MTCH CFR can be configured per G-RNTI or G-CS-RNTI, where there can be multiple broadcast MTCH CFRs configured by gNB, i.e. a broadcast MTCH traffic with low data rate associated with the narrow CORESET#0 initial BWP, and other MTCH(s) traffic with high data rate associated with the configured/defined larger CFR/BWP.
Moreover, only single MCCH is supported as agreed in RAN2. And having different MTCH CFRs/BWPs in mind for different broadcast services, it is therefore sensible to allow the configured CFR/BWP for MCCH and MTCH being separately and differently. Also, the broadcast traffic payload size for MCCH and MTCH can be different a lot practically, where the control configuration payload carried via MCCH can be much smaller than the broadcast traffic data payload carried via MTCH. Thus, the CFR/BWP for MCCH and MTCH can be also configured differently and controlled by network gNB based on traffic needs. For instance, the MCCH CFR/BWP can be configured in the CORESET#0 initial BWP region and the MTCH CFR/BWP can be configured differently with larger CFR/BWP than the CORESET#0 initial BWP. 
Proposal-3: CFR/BWP for MCCH and MTCH can be configured differently for broadcast reception, i.e. MCCH associated with the CORESET#0 initial BWP and MTCH associated with the configured/defined CFR/BWP.
In the RAN1-107-e meeting, the above Proposal-2 and Proposal-3 have been intensely discussed in RAN1 with no agreement being reached in the end. During the email discussion, there were no key RAN1 impacts have been identified on our understanding. It is therefore proposed with LS to RAN2 for further discussions in RAN2.
Proposal-4: The above Proposal-2 and Proposal-3 have been intensely discussed in RAN1-107-e meeting with no agreement being reached in the end. In the meanwhile, there were no key RAN1 impacts have been identified. It is therefore proposed with LS to RAN2 for further discussions in RAN2.
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. The mechanism of SPS without DCI activation/deactivation can be considered for broadcast reception, and further specified by RAN2, if there is no key RAN1 impact being identified.
Proposal-5: The mechanism of SPS without DCI activation/deactivation can be considered for broadcast reception, and further specified by RAN2, if there is no key RAN1 impact being identified.

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

· CORESET consideration:
Based on the outcome in RAN1-107 meeting, the PDCCH-config for MCCH and MTCH can be configured differently, where the PDCCH-config for MCCH carried via SIBx and the PDCCH-config for MTCH carried via MCCH.
Agreement: [RAN1#107-e] For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs:
· The CFR frequency resources used for MCCH and MTCH are configured by SIBx;
· PDCCH-config/PDSCH-config for broadcast reception with GC-PDCCH/PDSCH carrying MCCH is configured by SIBx
· PDCCH-config/PDSCH-config for broadcast reception with GC-PDCCH/PDSCH carrying MTCH is configured by MCCH. If the PDCCH-config/PDSCH-config for MTCH is not configured, the PDCCH-config/PDSCH-config for GC-PDCCH/PDSCH carrying MCCH configured by SIBx is reused for GC-PDCCH/PDSCH carrying MTCH.
As part of the PDCCH-config configuration, the CORESET configuration for MCCH and MTCH could be also considered separately and differently, i.e. CORESET of MCCH GC-PDCCH associated with the CORESET#0, and CORESET of MTCH GC-PDCCH associated with the CFR_CORESET in the configured/defined CFR/BWP.
Proposal-6: Support different/separate CORESET utilized for GC-PDCCH of MCCH and MTCH, i.e. CORESET of MCCH GC-PDCCH associated with the CORESET#0, and CORESET of MTCH GC-PDCCH associated with the CFR_CORESET in the configured/defined CFR/BWP.
· DCI format consideration:
In RAN1-107-e meeting, it has been agreed that only DCI format 1_0 is supported for broadcast reception of GC-PDCCH of MCCH and MTCH. And regarding the details of fields in DCI format 1_0 for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state, the new data indicator (NDI) field can be included to enable the gNB-triggered HARQ re-transmissions for assisting the UE RV combining. 
Proposal-7: Support NDI in the DCI field for broadcast to enable the gNB-triggered HARQ re-transmissions for assisting the UE RV combining. 
Moreover, it is preferred to introduce an additional dedicated HARQ process for all broadcast services associated with different G-RNTIs. And there is no need of including HARQ process number field in the DCI format 1_0.
Proposal-8: Introduce an additional dedicated HARQ process for all broadcast services associated with different G-RNTIs. And there is no need of including HARQ process number field in the DCI format 1_0.
Discussion on Beam Sweeping support for RRC_IDLE / RRC_INACTIVE UEs
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. However, by considering that 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. And, 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-9: Additional association rules between SSB indexes and UE monitoring occasions other than the rule defined for OSI in TS 38.331, i.e. evenly distribute the number of SSB beams among each window duration, and/or enabling the network to control the number of repetition transmission for each SSB beam within the on-duration window.
Conclusions
In this contribution, we have discussed the remaining issues on support 5G/NR broadcast for RRC_IDLE/INACTIVE UEs, and we have the following observations and proposals: 
Observation-1: Based on the outcome of RAN#94, Case E (CFR for UEs in RRC_IDLE/INACTIVE state can be larger than the SIB1 configured initial BWP) is supported, under the assumption that this is done by RAN2 with zero RAN1 impact.
Proposal-1: The configured/defined CFR for broadcast reception should be considered as a new BWP (in addition to the CORESET#0 initial BWP) for UEs in RRC_IDLE/INACTIVE state.
Proposal-2: From network point of view, the broadcast MTCH CFR can be configured per G-RNTI or G-CS-RNTI, where there can be multiple broadcast MTCH CFRs configured by gNB, i.e. a broadcast MTCH traffic with low data rate associated with the narrow CORESET#0 initial BWP, and other MTCH(s) traffic with high data rate associated with the configured/defined larger CFR/BWP.
Proposal-3: CFR/BWP for MCCH and MTCH can be configured differently for broadcast reception, i.e. MCCH associated with the CORESET#0 initial BWP and MTCH associated with the configured/defined CFR/BWP.
Proposal-4: The above Proposal-2 and Proposal-3 have been intensely discussed in RAN1-107-e meeting with no agreement being reached in the end. In the meanwhile, there were no key RAN1 impacts have been identified. It is therefore proposed with LS to RAN2 for further discussions in RAN2.
Proposal-5: The mechanism of SPS without DCI activation/deactivation can be considered for broadcast reception, and further specified by RAN2, if there is no key RAN1 impact being identified.
Proposal-6: Support different/separate CORESET utilized for GC-PDCCH of MCCH and MTCH, i.e. CORESET of MCCH GC-PDCCH associated with the CORESET#0, and CORESET of MTCH GC-PDCCH associated with the CFR_CORESET in the configured/defined CFR/BWP.
Proposal-7: Support NDI in the DCI field for broadcast to enable the gNB-triggered HARQ re-transmissions for assisting the UE RV combining. 
Proposal-8: Introduce an additional dedicated HARQ process for all broadcast services associated with different G-RNTIs. And there is no need of including HARQ process number field in the DCI format 1_0.
Proposal-9: Additional association rules between SSB indexes and UE monitoring occasions other than the rule defined for OSI in TS 38.331, i.e. evenly distribute the number of SSB beams among each window duration, and/or enabling the network to control the number of repetition transmission for each SSB beam within the on-duration window.
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