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Introduction
In RAN1#106bis-e meeting, the following agreements and working assumption were achieved [1] on basic functions for RRC_IDLE/RRC_INACTIVE UEs in NR MBS:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MTCH.

Agreement:
The PDCCH/PDSCH parameters for broadcast reception with GC-PDCCH/PDSCH, which are not configured, use as default the value of the PDCCH/PDSCH parameters for the configuration of the Rel-15/Rel-16 initial BWP for RRC_IDLE/RRC_INACTIVE UEs.

Agreement:
For initializing scrambling sequence generator for GC-PDCCH for MCCH/MTCH for broadcast,
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH;  otherwise.
· 

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:
For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support slot-level repetition for MTCH.

Agreement: 
For initializing scrambling sequence generator for GC-PDSCH for MCCH/MTCH for broadcast, 
·  equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in a CFR used for GC-PDSCH for MCCH/MTCH and the RNTI equals the G-RNTI or MCCH-RNTI; [image: ] 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,
· [image: ] equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in a CFR used for the GC-PDCCH for MCCH/MTCH; [image: ] otherwise.
Agreement:
For initializing sequence generator for DMRS of GC-PDSCH for MCCH/MTCH for broadcast,
· [image: ]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; [image: ] otherwise.

[bookmark: _Hlk85582192]Agreement:
For RRC_IDLE/RRC_INACTIVE UEs for broadcast reception, MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity and the starting of the periodicity
· FFS: the window is associated to one or multiple or all G-RNTI.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs for broadcast reception, at least support that within the MTCH scheduling window, the association between the PDCCH monitoring occasions and SSB is defined as:
· the [x×N+K]th PDCCH monitoring occasion(s) for MTCH in the scheduling window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in MTCH transmission window/N). 
· For the purpose of associating PDCCH monitoring occasion for MTCH and SSB, the UE assumes that, in the MTCH scheduling window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.


In this contribution, some open issues for broadcast reception by RRC_IDLE/RRC_INACTIVE UEs are discussed.
Discussion
1.1 CFR for MCCH/MTCH
In RAN meeting # 93-e, it was agreed to support Case-C, and support at least one of Case D and Case E with further down-selection in RAN1#106bis-e, but there was not a result about the down selection. Case A and Case C are the most basic and simple design of CFR based on current BWP design. For Case C, the CFR is the same as initial DL BWP configured by SIB1, and it has the least impact to current mechanism and cost efficient. Since the CFR has the same size of initial DL BWP, there is no BWP switching when UEs transfer from IDLE to CONN state, which guarantees no interruption of MBS services reception. Same bandwidth size between CFR and initial DL BWP can also have flexibility, because initial DL BWP can be configured with wide range of frequency sizes up to 100MHz.
Case D and case E are considered to be more flexible than case C which is too restricted with initial DL BWP, but some more technical clarifications should be addressed first before to be supported. For both Case D and Case E, there is always a BWP switching when UE transfer from RRC_IDLE state to RRC_CONN state, which may cause MBS services reception interrupted. For case E, the motivation is not clear or strong to support a CFR with larger bandwidth than initial DL BWP which should have fulfilled the data rate/bandwidth requirement of MBS services in RRC_IDLE. In order to keep the MBS reception continuous, the bandwidth of CFR should be maintained for unicast and MBS service reception even UE has transferred from RRC_IDLE to RRC_CONN state. This larger bandwidth is considered as the applicable “initial DL BWP” rather than the initial DL BWP which is configured by SIB1. UEs may have different initial DL BWPs because some of the UEs may use initial DL BWP configured by SIB1 while some other UEs are using a larger bandwidth equal to CFR. Furthermore, as it is agreed in AI 8.12.1 that CFR is configured to be associated with a DL BWP in RRC_CONN, there should be a configured BWP (not initial DL BWP) being the container of the CFR to align the design. For this design, a UE may have to maintain two different BWPs, i.e. initial DL BWP configured by SIB1 and DL BWP-2 as the container of CFR. If only the DL BWP-2 is kept and used instead of initial DL BWP, then the UEs in one cell have different initial DL BWPs. For down-selection between Case D and Case E, Case D is selected instead of Case E.
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state, Case D is selected.
Proposal 2: 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 is not supported.


Figure 1. CFR configuration of Case C, Case D and Case E

One open issue is whether to use different bandwidth configurations for CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH. In RRC_IDLE state, the motivation is not so strong that MTCH with larger CFR than that of MCCH. Based on the perspective of physical layer, if the CFR is configured with the same size of initial BWP (either CORESET#0 or SIB1 configured), the BWP can be always shared by both MCCH and MTCH if the CFR is width enough, and the frequency domain configuration is up to gNB. Even for some cases that the requirements of bandwidth are different between MCCH and MTCH, the CFR for MTCH reception should have to fully contain the CFR for MCCH in order to guarantee the GC-PDSCH reception. At present, a uniformed size design and CFR configuration is a simple way for both MCCH and MTCH and the CFR of GC-PDCCH/PDSCH carrying MCCH and MTCH is configured by SIB. According to the use cases and deployment scenarios for MBS services in this release, only one CFR configured for MTCH is enough. Configuring more than one CFR for MTCH may introduce design complexity and need extra indication scheme, which may not be a real requirement for UEs in RRC_IDLE/RRC_INACTIVE state. Within one CFR, the configured parameters for GC-PDCCH/PDSCH carrying MCCH and GC-PDCCH/PDSCH carrying MTCH should be the same, e.g. MCS. The same configuration/parameters are sufficient for both MCCH and MTCH.
Proposal 3: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configuration by SIB for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
Proposal 4: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs, only one CFR is configured for GC-PDCCH/PDSCH carrying MCCH and MTCH.
1.2 Common search space and CORESET for MCCH/MTCH
It was agreed to further study whether the Type-x CSS supported for multicast in RRC_CONN can be reused as baseline for broadcast in RRC_IDLE. The Type-x CSS is a new type CSS which is introduced for monitor priority procedure. SearchSpace#0 and CSS other than SearchSpace#0 are agreed to be configured for GC-PDCCH. A new Type-x of CSS may introduce more flexible monitoring occasions, but it may not be feasible for UEs in RRC_IDLE state. Existing CSS, e.g. Type-3, can be reused as a baseline with different search space sets equation initialization. The design of search space in RRC_CONNECTED state should consider about the monitoring priority of CSS and USS to make sure the monitoring procedures do not beyond UEs’ capability. In RRC_IDLE/INACTIVE state, UE does not monitor USS which should be ignored. To configure Type-x CSS for RRC_IDLE/INACTIVE state, the parameters can be the same or different with the configured parameters of Type-x CSS for RRC_CONNECTED state. The configuration signaling is different. Type-x CSS for RRC_IDLE/INACTIVE is configured through SIB/MCCH, while Type-x CSS for RRC_CONNECTED sate is configured through UE specific RRC signaling. Regardless the configuration content is same or different, the configuration signaling container should be discussed and determined first. Within the same CFR for MCCH and MTCH, one CORESET is used for the GC-PDCCH. Furthermore, a CORESET can be used by different search space, so configuring one CORESET is sufficient.
Proposal 5: One of the existing CSS types can be selected and reused for RRC_IDLE/RRC_CONNECTED UEs for broadcast reception.
Proposal 6: The Type-x CSS for multicast in RRC_CONNECTED is not reused for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.
Proposal 7: Type-x CSS for RRC_IDLE is configured and the signaling is carried via SIB.
Proposal 8: The same CORESET is used for GC-PDCCH of scheduling GC-PDSCH of MCCH and MTCH.
1.3 DCI and RNTI design
The DCI format was discussed during last meeting, and some information fields are left for further determination. Since the GC-PDCCH can be used for broadcast scheduling which can also be received by RRC_CONN UEs, the DCI format may need to be aligned among UEs with different connection states. Besides the agreed fields in last meeting, some other information fields should be also included as necessity, such as MCS indication, and some reserve bits can be left for further design.
Proposal 9: The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH additionally includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state:
· Modulation and coding scheme
· Reserve bits.
For FDRA field in DCI, the payload size is related to the bandwidth of CFR. With consideration of blind decoding budget, it was agreed that GC-DCI format has the same payload size with DCI format 1_0 with CRC scrambled by C-RNTI within CSS. For the DCI format scheduling broadcast GC-PDSCH carrying MCCH/MTCH, FDRA filed can be determined based on the size of CORESET#0 if case A is configured, and FDRA field can be determined based on the size of SIB1 configured initial DL BWP is case C is configured.
Proposal 10: The size of FDRA field in DCI for scheduling GC-PDSCH carrying MCCH/MTCH can be determined by the configuration of CFR used for broadcast MBS services transmission, i.e. CORESET#0 or SIB1 configured initial BWP.
1.4 Beam sweeping
[bookmark: _Hlk71555667]In RAN1#106bis-e, it was agreed that MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity and the starting of the periodicity. An open issue left is the window is associated to one or multiple or all G-RNTIs. First, whether multiple MTCH windows can be overlapped in time domain should be discussed. If multiple MTCH windows can be overlapped, and each window is associated with one G-RNTI, then it may work normally, but it increases the complexity. Within a MTCH window, if different G-RNTIs are associated with different MTCH TDM, it technically works. However, it still needs discussion that whether G-RNTI should be associated with MTCH window or they are two independent scheduling components. From the perspective of system and simple scheduling mechanism, a MTCH window associated with one G-RNTI is preferred for broadcast MBS services in this release.
Proposal 11: One MTCH window is associated with one G-RNTI.
1.5 SPS for RRC_IDLE/RRC_INACTIVE UEs
It was agreed in RRC_CONNECTED state that SPS mechanism is supported for NR MBS. SPS is a traditional mechanism to support periodic traffic by saving scheduling signaling. It is also considered and discussed in RRC_IDLE/INACTIVE, however, it may not feasible due to different scheduling mechanism. One issue is whether PDCCH based activation/deactivation can be used for broadcast, since there is no HARQ feedback correspondingly to the activation/deactivation command. Another solution can be considered, which is UL configured grant Type-1-like mechanism without PDCCH activation/deactivation, but the technical details still need more discussion in RRC_IDLE/INACTIVE. Considering the very late stage for this release, SPS for MTCH in RRC_IDLE/INACTIVE can be supported with potential enhancement in the future release.
Proposal 12: SPS for MTCH in broadcast can be considered in the future release of NR MBS.
1.6 HARQ-ACK feedback for RRC_IDLE/RRC_INACTIVE UEs
As part of this MBS WI scope in Rel-17 is also to “specify required changes to improve reliability of Broadcast/Multicast service, e.g., by UL feedback”, it is important/essential to have HARQ feedback from UEs in the UL in order for the serving gNB to gain knowledge and try to meet the level of reliability (QoS) that is required for the MBS application/service provided by the network. For example, if there are UEs connecting and receiving MBS data provided by the network at the same time, then based on the HARQ feedback the network would be able to determine if retransmission of a same TB is required in order to meeting the reliability requirement for the service. E.g. retransmission should be provided if number of NACK is more than 10% of the total HARQ feedback reports when the required reliability is 90%. Since MBS application/service should be provided to UEs in all three RRC connected, idle and inactive states simultaneously in the same cell, gaining the HARQ knowledge about the MBS data reception performance for idle and inactive UEs is also important and critical to understand the level of reliability achieved. 
Furthermore, HARQ feedback is already agree to be supported to improve the reliability of CONNECTED state UEs. For the same type of services provided by the network (e.g., broadcast services with group-common PDCCH / PDSCH transmissions), the network should not rely on only the HARQ feedback from UE in CONNECTED state to decide whether a packet should or should not be retransmitted. Since the provided service is broadcast in nature to be received by all subscribed MBS UEs in the cell and the capacity for the number of network connections and radio resources are always limited, it would not be reasonable for the network gNB to decide packet TB retransmission based on only limited portion of UEs receiving the service to ensure target QoS is reached. In addition, since the retransmission for CONNECTED UEs could be provided in a UE-specific manner, it is then not possible for IDLE/INACTIVE UEs to receive the same retransmission. Therefore, it is not only beneficial but also essential to support HARQ feedback from IDLE/INACTIVE UEs for broadcast and multicast receptions.
Therefore, we propose that HARQ feedback from idle and inactive state UEs should be supported. This would be aligning with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception according to the WID [1]. And since the number of idle/inactive state UEs may not be known accurately by the network, only NACK feedback is necessary to determine the need for packet retransmission, as it has also been agreed to be supported by UEs in the CONNECTED mode. Therefore, to minimize the resources required and the specification effort to support HARQ feedback for IDLE/INACTIVE UEs, the same “NACK-only” scheme which was already agree to be supported for the CONNECTED state UEs could be reused here. 
Proposal 13: It is proposed for RRC idle and inactive state UEs to provide HARQ feedback in order to meet reliability requirement of MBS application/service.
· Only NACK feedback is needed since the number of RRC idle and inactive state UEs may not be accurately known by the network.
To support the “only NACK” / “NACK-only” feedback from idle and inactive UEs, an UL container (physical channel) is needed, and preferably a common container or a set of common resources that can be shared among idle/inactive UEs for the HARQ feedback to help efficiently utilize UL resources. 
One approach is to allocate PUCCH resources for the NACK-only feedback, similar to the existing HARQ reporting in connected state. Here, sequence-selection based PUCCH transmission like PUCCH format 0 to support HARQ information with no more than 2 bits and it could multiplex more than one PUCCH transmissions (HARQ reports from multiple UEs) within one RB can be considered. Since multiple UEs could be transmitting using the same PUCCH resources, a long PUCCH format or a PUCCH format that can carry more than 2 bits would seem unnecessary for the NACK-only feedback with just 1 or 2 bits. However, if PUCCH resources are to be used for the NACK-only feedback from idle and inactive UEs, one would need to consider how to resolve the issue of timing advance for the PUCCH transmission and the determination of its transmission power. As an example, they can be determined by the UE based on RSRP received in the DL and a configured target received power for the NACK-only feedback to calculate the pathloss. And if the measured RSPR falls within a certain range, a specific TA could be applied for the PUCCH transmission.
On the other hand, PARCH or RACH preamble transmission tend not to have such issues with timing advance and transmission power determination, as PRACH transmission is well designed to follow the downlink reception timing and the Tx power can be derived based on calculated pathloss and a configured target receive power. Furthermore, PRACH or RO also has better support for beam sweeping operation in MBS. Separate PRACH/RO can be allocated and configured for each SSB beam. By receiving NACK-only feedback on PRACH in a certain RO, it enables the gNB to identify the beam from which the MBS transmission has failed and subsequently provide a more targeted retransmission on certain beam(s). However, the drawback of using PRACH for the HARQ feedback is the need to allocate more resources than using PUCCH.
Proposal 14: To support “only NACK” HARQ feedback for idle and inactive UEs, it should be further consider using PUCCH or PRACH.
Conclusion
In this contribution, the remaining issues for broadcast reception by RRC_IDLE/RRC_INACTIVE UEs are discussed, and the following proposals are provided:
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state, Case D is selected.
Proposal 2: 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 is not supported.
Proposal 3: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configuration by SIB for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
Proposal 4: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs, only one CFR is configured for GC-PDCCH/PDSCH carrying MCCH and MTCH.
Proposal 5: One of the existing CSS types can be selected and reused for RRC_IDLE/RRC_CONNECTED UEs for broadcast reception.
Proposal 6: The Type-x CSS for multicast in RRC_CONNECTED is not reused for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.
Proposal 7: Type-x CSS for RRC_IDLE is configured and the signaling is carried via SIB.
Proposal 8: The same CORESET is used for GC-PDCCH of scheduling GC-PDSCH of MCCH and MTCH.
Proposal 9: The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH additionally includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state:
· Modulation and coding scheme
· Reserve bits.
Proposal 10: The size of FDRA field in DCI for scheduling GC-PDSCH carrying MCCH/MTCH can be determined by the configuration of CFR used for broadcast MBS services transmission, i.e. CORESET#0 or SIB1 configured initial BWP.
Proposal 11: One MTCH window is associated with one G-RNTI.
Proposal 12: SPS for MTCH in broadcast can be considered in the future release of NR MBS.
Proposal 13: It is proposed for RRC idle and inactive state UEs to provide HARQ feedback in order to meet reliability requirement of MBS application/service.
Proposal 14: Only NACK feedback is needed since the number of RRC idle and inactive state UEs may not be accurately known by the network.
Proposal 15: To support “only NACK” HARQ feedback for idle and inactive UEs, it should be further consider using PUCCH or PRACH.
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[1] RAN1 Chairman’s Notes, RAN1#106bis-e, e-Meeting, October 11th – 19th, 2021.
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