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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on basic functions for broadcast/multicast for RRC-IDLE/RRC-INACTIVE UEs in Rel-17 NR MBS.
In RAN1#106bis-e meeting, the functionalities for RRC CONNECTED UEs were prioritized. Scheduling mechanism and frequency resource definition/configuration as well as reliability improvement were extensively discussed. For RRC_IDLE/RRC INACTIVE UEs the basic functions were discussed and the corresponding agreements were made only from a high level concept point of view.
	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.
· 
[bookmark: _Hlk85129373]
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;  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.

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

[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.




Hence, in this contribution, more detailed views on RRC_IDLE/RRC_INACTIVE states are presented from our side.

Discussion
CFR configuration
In RAN1#104 e-meeting, five CFR configuration cases are defined for UEs in idle mode or inactive mode to receive group-common PDCCH/PDSCH. So far, both Case A and Case C have been supported for MCCH/MTCH in previous RAN1 meeting. In addition, RAN1 has agreed not to support Case B. For Case D and Case E, RAN1#106bis meeting has not reached any consensus to support Case D or Case E. 
For Case E, we have below observations:
(1) Unclear motivation
As mentioned by proponent companies of Case E, for a certain MBS service, a CFR with same bandwidth as SIB-1 configured initial DL BWP (i.e., Case C) can’t meet high data rate requirement so that the CFR has to be configured with larger bandwidth than SIB-1 configured initial DL BWP. This use case is quite unclear especially the bandwidth as SIB-1 configured initial DL BWP can’t satisfy the requirements of such MBS service. Checking TS38.331, there is no bandwidth limitation to the initial DL BWP configured by SIB-1. For legacy Rel-15/Rel-16 UEs, the initial DL BWP is configured by SIB-1 and can be up to 275 RBs. Furthermore, which kind of MBS service needs high data rate is unknown to RAN1 and there is no LS from SA1 to give such information. The proponent companies have not shown the detailed data rate requirement yet since RAN1#104 meeting. 
On the other hand, the proponent companies of Case E should also show the delay budget of the given MBS which requires very high data rate and low latency. If the latency requirement is not that low, definitely, the CFR with same bandwidth as SIB-1 configured initial DL BWP can be used.
In addition, this CFR configuration is targeted for idle mode or inactive mode UEs. In the worst case that CFR in Case C with same bandwidth as the SIB-1 configured initial DL BWP can’t provide enough frequency resource, the reasonable way for the idle/inactive UEs is to enter the connected mode and be configured with a dedicated larger BWP.
Observation 1: The motivation to support Case E is not justified.

(2) Unsupportive for UEs with small bandwidth 
Since this CFR configuration is targeted for broadcast reception of idle mode or inactive mode UEs, there are plenty of UEs which are interested in the broadcast service. Different UEs may have different bandwidth capabilities. This is why NR introduces the concept of bandwidth part (BWP). 
In Case E, the proponent companies suppose the CFR for a given MBS service which requires larger bandwidth than SIB-1 configured initial DL BWP. In that sense, those UEs with small bandwidth capabilities have to be excluded and can’t receive the MBS service. This is especially true for RedCap UEs. 
Observation 2: Those UEs with small bandwidth capabilities can’t be supported in Case E.

(3) BWP switching
In Case E, an MBS-specific BWP with larger bandwidth than SIB-1 configured BWP is configured. The CFR with larger bandwidth than SIB-1 configured initial DL BWP should be definitely coupled with a BWP according to current NR framework. It is impossible that the CFR is totally independent from any BWP and can be used for transmission and reception. In Case E, the MBS-specific BWP is required. For a UE in idle mode or inactive mode, it shall receive the SIB and paging in CORESET 0 defined initial DL BWP. Since Case E is configured with larger bandwidth than CORESET 0, the UE has to perform BWP switching frequently to receive SIB/paging and MBS.
Furthermore, when the UE enters connected mode from idle/inactive mode, BWP switching delay is unavoidable because in Case E the MBS-specific BWP is configured with larger bandwidth than SIB-1 configured initial DL BWP. One example is shown in Figure 1. Before a dedicated BWP covering the MBS-specific BWP is configured for the UE, even in the connected mode, the UE has to perform BWP switching between the SIB-1 configured initial DL BWP and the MBS-specific BWP. Until the completion of the configuration of the dedicated BWP, the UE can’t stop BWP switching.
Observation 3: Frequent BWP switching happens in Case E.

[image: ]
Figure 1: Case E

(4) Interest indication
In Case E, introduction of MBS-specific BWP with larger bandwidth than SIB-1 configured BWP leads to significant standard impact and UE complexity. In legacy BWP framework, UE assumes the SIB-1 configured BWP as the first active BWP when UE enters connected mode. In that sense, when UE enters connected mode, it should use the SIB-1 configured BWP instead of the MBS-specific BWP so that it may miss the MBS transmission in the MBS-specific BWP. 

	RAN2#113 meeting
Þ    Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).
Þ    MBS Interest Indication is NOT supported for UEs in idle/inactive mode for NR MBS delivery mode 2.
 


If proponent companies of Case E intend to configure the first active BWP exactly same as the MBS-specific BWP, according to current BWP framework, the first active BWP is configured via dedicated RRC signaling. Hence, this is not a reasonable way. Even though such operation is allowed in standard for support Case E in Rel-17 MBS, how can gNB know an idle/inactive mode UE needs to be configured with an MBS-specific BWP with larger bandwidth than SIB-1 configured BWP as the first active BWP for the UE? It is impossible. RAN2 has already agreed that transmitting MBS interest indication to gNB for Idle/Inactive mode UE is not supported. Furthermore, the Idle/Inactive mode UE can’t transmit MBS interest indication to gNB due to lack of TA. Without such indication, gNB can’t know which Idle/Inactive mode UE is interested in the MBS with larger CFR and will not configure the first active BWP same as the MBS-specific BWP in Case E to the interested Idle/Inactive mode UE. In that sense, assuming an Idle/Inactive mode UE is interested in the MBS service, it shall use SIB-1 configured initial DL BWP when it enters RRC_Connected mode, which inevitably leads to BWP switching delay and may miss the MBS transmission during the switching period.
Observation 4: Idle/Inactive mode UE can’t send MBS interest indication to gNB.

(5) Standard impact
To support MBS-specific BWP with large CFR in Case E, standards should support Idle/Inactive mode UE to transmit MBS interest indication to gNB and support configuring first active BWP as MBS-specific BWP via SIBx or MCCH for Idle/Inactive mode UE. 
In addition, how to configure the CFR with larger size than SIB-1 configured initial DL BWP is unknown and whether different parameters for CFR in Case E are configured for Case A or Case C has not been discussed. 
Regarding group-common DCI format design for support of Case E, since CFR is larger than CORESET 0/SIB-1 configured initial DL BWP, solution is needed to determine the FDRA field size in case of Case E so as to align the DCI payload size of the group-common DCI with size of DCI format 1-0 with CRC scrambled by C-RNTI in CSS.
Observation 5: Significant standard impact is caused in Case E.

(6) Optimization feature
It is obvious that Case E is an optimization on top of Case C because the aim of Case E is to provide higher date rate for Idle/Inactive mode UEs than Case C. It is obvious that Case E is not a basic function on top of Case A and Case C. Without support of Case E, Case C can work properly. 
Observation 6: Case E is an optimization on top of Case C.

Based on above observations, we have below proposals:
Proposal 1: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, Case E is not supported.

In RAN1#106bis meeting, regarding CFR configuration for RRC connected mode UEs, RAN1 has agreed that no more than one CFR is configured per dedicated unicast BWP in Rel-17. Following this agreement, it is straightforward to extend it to RRC_IDLE/RRC_INACTIVE UEs. 
Since only one CFR is configured for RRC_IDLE/RRC_INACTIVE UEs, same CFR is used for receiving MCCH and MTCH.
	Agreement:
The number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17.



Based on above discussion, we have below proposals:
[bookmark: _Hlk86931961]Proposal 2: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, only one CFR can be configured.
Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, only same CFR for MCCH and MTCH is supported.

Design of the group-common DCI

As shown in above, RAN1 has agreed the group-common DCI format for IDLE/INACTIVE UEs includes FDRA/TDRA/MCS/RV. Other fields and the detailed design especially on FDRA are still FFS.
· On FDRA field:
For RRC_IDLE/RRC_INACTIVE UEs, in Case A, the scheduled group-common PDSCH is transmitted within the bandwidth of CORESET 0. Correspondingly, the RB numbering can be based on the starting RB of CORESET 0; in Case C, the scheduled group-common PDSCH is transmitted within the bandwidth of SIB-1 configured initial DL BWP. Correspondingly, the RB numbering can be based on the starting RB of SIB-1 configured initial DL BWP. 
Consequently, the number of bits required for FDRA indicator is based on the bandwidth of CORESET 0 or SIB-1 configured initial DL BWP. Since RAN1 has already agreed that the group-common DCI format has same payload size as DCI format 1_0 with CRC scrambled by C-RNTI and monitored in CSS, and the FDRA field of DCI format 1_0 with CRC scrambled by C-RNTI and monitored in CSS is also given by the bandwidth of CORESET 0 or SIB-1 configured initial DL BWP, it is quite easy to align both DCI payload size.
For Case A where the CFR is configured with same bandwidth as CORESET 0, the FDRA field of DCI format 1_0 with CRC scrambled by G-RNTI is equal to that of DCI format 1_0 with CRC scrambled by C-RNTI in CSS. 
However, for Case C where the CFR is configured with same bandwidth as SIB-1 configured initial DL BWP, there are two sub-cases on FDRA field determination:
· Case C-1: if CORESET 0 is configured for the cell, then FDRA field of DCI format 1_0 with CRC scrambled by C-RNTI in CSS is determined based on CORESET 0. Since CFR in Case C has same number of RBs as SIB-1 configured initial DL BWP, when CFR has more RBs than CORESET 0, there are two options for determining FDRA field of DCI format 1_0 with CRC scrambled by G-RNTI.
· Option 1: FDRA field of DCI format 1_0 with CRC scrambled by G-RNTI is determined based on CFR with single RB granularity. This is especially true considering there are sufficient bits which can be used for FDRA indication. E.g., 2-bits DAI, 2-bits TPC, 3-bits HARQ timing indicator, 3-bits PRI, 1-bit identifier, are totally useless for idle/inactive mode UEs to receive group-common PDSCH. Then the saved bits can be used for FDRA field indication. Even in the extreme case where CORESET 0 has 24 RBs and CFR in Case C is configured with 275RBs, there are sufficient bits in DCI format 1_0 to indicate single RB granularity FDRA indication. In this way, the scheduling flexibility is maximized.  
· Option 2: FDRA field of DCI format 1_0 with CRC scrambled by G-RNTI is determined based on CFR with one or larger RB granularity. Based on the agreement we have achieved in AI 8.12.1, if the size of CFR (i.e. ) is larger than the size of CORESET 0, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ;otherwise, . So we can easily reuse such agreement for AI 8.12.3.
· Since scheduling flexibility can be maximized with Option 1, Option 1 is supported.
	Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, Option 2 is supported.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· If the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ;otherwise, 




· Case C-2: if CORESET 0 is not configured for the cell, then FDRA field of DCI format 1_0 with CRC scrambled by C-RNTI in CSS is determined based on the SIB-1 configured initial DL BWP. Since CFR in Case C has same number of RBs, FDRA field of DCI format 1_0 with CRC scrambled by G-RNTI is exactly same to that of DCI format 1_0 with CRC scrambled by C-RNTI in CSS.

Proposal 4: The number of bits for FDRA in the group-common DCI is determined based on the CFR in Case A and Case C with single RB granularity.
Proposal 5: RB numbering starts from the lowest RB of the CFR and the granularity of resource allocation only supports single RB.
· On TDRA field:
For RRC_IDLE/RRC_INACTIVE UEs, the default TDRA table can be used if high layer signaling doesn’t provide time domain resource allocation table. So 4 bits are required as TDRA indication. If high layer signaling provides the time domain resource allocation table, it is obvious to follow the configured TDRA table, and the number of required bits for TDRA indication is dependent on the number of entries in the configured TDRA table. In that sense, the number of bits for TDRA is fully based on RRC configuration. 
Proposal 6: The number of bits in TDRA field in the group-common DCI format is determined by the number of entries in the time domain resource allocation table configured for MBS.
· On VRB-to-PRB mapping:
Regarding VRB-to-PRB mapping, this field can be also configurable for group-common PDSCH transmission. The size is 0 bit if only resource allocation type 0 is configured or if interleaved VRB-to-PRB mapping is not configured for group-common PDSCH transmission, or 1 bit otherwise, only applicable to resource allocation type 1.
Proposal 7: VRB-to-PRB mapping in the group-common DCI format is 0 or 1 bit dependent on RRC configuration.
· On MCS, NDI, RV, and HARQ process number:
Since blind transmission may be needed for the broadcast and there may be multiple broadcast services, the above four fields are necessarily included in the group-common DCI and can have fixed sizes as existing standard, i.e., 5 bits MCS, 1 bit NDI, 2 bits RV and 4 bits HARQ process number.
Proposal 8: For HARQ combining, 5 bits MCS, 1 bit NDI, 2 bits RV and 4 bits HARQ process number are included in the group-common DCI format. 
· On HARQ related fields:
Since HARQ-ACK feedback is not supported for broadcast operation, the HARQ-ACK related fields are not necessarily included in the group-common DCI.   
Proposal 9: DAI/TPC/PRI/HARQ-timing indicator in the group-common DCI are removed. 
· MCCH change notification
	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




For simplicity, new field with 2 bits is introduced for indicating MCCH change notification.
Proposal 10: New field is introduced for indicating MCCH change notification.

Based on above analysis, one example is shown in Table 1 for listing all the possible fields and associated sizes of the first DCI format for MBS.
Proposal 11: Support fields and sizes in Table 1 for the first DCI format.
Proposal 12: Zero bits are appended to the group-common DCI format in case its size prior to padding is smaller than the size of DCI format 1-0 with CRC scrambled by C-RNTI and monitored in CSS.

Table 1: Fields of DCI format 1-0 with CRC scrambled by G-RNTI
	DCI fields 
	Size (bits)

	Frequency domain resource assignment
	Determined based on CFR size with single RB granularity

	Time domain resource assignment
	4 bits or dependent on RRC configuration

	VRB-to-PRB mapping
	0 or 1 or dependent on RRC configuration

	Modulation and coding scheme
	5 

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	MCCH change notification
	2 

	Padding bits
	



For UEs in RRC_Connected mode, there are two DCI format for multicast transmission: the first DCI format is designed with basic functions and less fields for robustness and coverage; the second DCI format is designed with enhanced features and large payload size. To keep “3+1” DCI size budget, the second DCI format has to be padded to align the maximum payload size of DCI formats 1_1 among the group of UEs if the G-RNTI for the second DCI format is regarded as “C-RNTI” or align the maximum payload size of DCI formats 2_x among the group of UEs if the G-RNTI for the second DCI format is regarded as “other RNTI”. Either alignment method will lead to huge payload size of the second DCI format which has significant impact on coverage. 
Considering coverage is critic to broadcast transmission, the 2nd DCI format is not supported for RRC Idle/Inactive UEs.
Proposal 13: The second group-common DCI format is not supported for RRC Idle/Inactive UEs for broadcast reception.

Search space
Generally, for a PDSCH carrying multicast service, it is straightforward to use a group-common DCI to schedule a group-common PDSCH for RRC IDLE/RRC INACTIVE UEs, which can minimize the DCI signaling overhead and PDSCH transmission overhead because only a single DCI format and the single scheduled PDSCH are required for transmitting a TB of MBS. The problem of this option is it requires gNB to define a common CORESET and a common frequency region to each of the UEs in a same group. Naturally, CORESET 0 and initial DL BWP are common to those UEs so that it is straightforward for gNB to transmit the group-common DCI in CORESET 0 and schedule the group-common PDSCH within the initial DL BWP.
On the other hand, if the specific common frequency resource is configured within the initial DL BWP, a common CORESET other than CORESET 0 can be configured within the specific common frequency resource for RRC IDLE/RRC INACTIVE UEs to detect the group-common DCI. Correspondingly, an associated common search space is configured for the common CORESET, which can reuse current CSS type.
Proposal 14: New type-x CSS is configured for RRC IDLE/RRC INACTIVE UEs. 
Proposal 15: For RRC_IDLE/RRC_INACTIVE UEs, same CORESET is used for receiving MCCH and MTCH.

Slot level repetition
Regarding slot level repetition, there are two types specified in standard in Rel-15 and Rel-16: Type A and Type B. Since both types have been supported for RRC_connected UEs, it is straightforward to extend both to RRC IDLE/RRC INACTIVE UEs. To support Type B, RRC configured TDRA table with number of repetitions in one or multiple entries should be supported.
Proposal 16: For RRC_IDLE/RRC_INACTIVE UEs, PDSCH repetition Type B is supported for MCCH and MTCH.

HARQ feedback
As mentioned above, for RRC IDLE/RRC INACTIVE UEs, it can’t send HARQ-ACK feedback in PUCCH for broadcast reception due to lack of TA and UE-specific PUCCH resource configuration. 
Proposal 17: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, HARQ-ACK feedback is not supported.

Conclusion
In this contribution, we focus on the basic functions of MBS transmission for RRC IDLE/RRC INACTIVE UEs and have below observations and proposals:
Observation 1: The motivation to support Case E is not justified.
Observation 2: Those UEs with small bandwidth capabilities can’t be supported in Case E.
Observation 3: Frequent BWP switching happens in Case E.
Observation 4: Idle/Inactive mode UE can’t send MBS interest indication to gNB.
Observation 5: Significant standard impact is caused in Case E.
Observation 6: Case E is an optimization on top of Case C.
Proposal 1: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, Case E is not supported.
Proposal 2: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, only one CFR can be configured.
Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, only same CFR for MCCH and MTCH is supported.
Proposal 4: The number of bits for FDRA in the group-common DCI is determined based on the CFR in Case A and Case C with single RB granularity.
Proposal 5: RB numbering starts from the lowest RB of the CFR and the granularity of resource allocation only supports single RB.
Proposal 6: The number of bits in TDRA field in the group-common DCI format is determined by the number of entries in the time domain resource allocation table configured for MBS.
Proposal 7: VRB-to-PRB mapping in the group-common DCI format is 0 or 1 bit dependent on RRC configuration.
Proposal 8: For HARQ combining, 5 bits MCS, 1 bit NDI, 2 bits RV and 4 bits HARQ process number are included in the group-common DCI format. 
Proposal 9: DAI/TPC/PRI/HARQ-timing indicator in the group-common DCI are removed. 
Proposal 10: New field is introduced for indicating MCCH change notification.
Proposal 11: Support fields and sizes in Table 1 for the first DCI format.
Proposal 12: Zero bits are appended to the group-common DCI format in case its size prior to padding is smaller than the size of DCI format 1-0 with CRC scrambled by C-RNTI and monitored in CSS.
Proposal 13: The second group-common DCI format is not supported for RRC Idle/Inactive UEs for broadcast reception.
Proposal 14: New type-x CSS is configured for RRC IDLE/RRC INACTIVE UEs. 
Proposal 15: For RRC_IDLE/RRC_INACTIVE UEs, same CORESET is used for receiving MCCH and MTCH.
Proposal 16: For RRC_IDLE/RRC_INACTIVE UEs, PDSCH repetition Type B is supported for MCCH and MTCH.
Proposal 17: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, HARQ-ACK feedback is not supported.
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