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1. Introduction
During RAN2 meeting#121bis-e, RAN2 discussed multicast reception in RRC_INACTIVE and reached the following agreements may be relevant to RAN1:
	RAN2#121bis-e agreements:
1. CFR for multicast reception in RRC_INACTIVE
· From the location&bandwidth and SCS configuration perspective, follow R17 MBS broadcast CFR principle (i.e. case A,C,E) to provide multicast CFR configuration in RRC_INACTIVE.
· Multicast CFR in RRC_INACTIVE and broadcast CFR can be configured differently. FFS whether we need to restrict that one CFR is completely contained within the other in this case (we should understand what the issue is otherwise).
· Case B and case D are not supported for multicast CFR in RRC_INACTIVE.
· Whether multicast CFR in RRC_CONNECTED and in RRC_INACTIVE are different is up to NW implementation. FFS whether this causes some issues which need to be addressed.
· The same CFR is used for multicast MCCH and MTCH. It can be revisited if there is any issue found, e.g. for RedCap UEs.

2. HARQ Operation (including beam and DCI format)
· HARQ feedback related information in the DCI is not needed or can be ignored for multicast transmission to RRC_INACTIVE UE. 
· The HARQ operation for multicast reception in RRC_INACTIVE is same as the operation without HARQ feedback in RRC_CONNECTED state.
· The multicast transmission in RRC_INACTIVE is performed via beam sweeping based on SSB index like broadcast MBS (i.e. beam information is not needed in DCI).
· For MTCH, RAN2 assumes to reuse the same DCI format of R17 multicast (i.e. DCI format 4-1/4-2) for dynamic scheduling of multicast in RRC INACTIVE. RAN2 assumes for multicast MCCH scheduling, DCI format 4-0 is used. We will ask RAN1 to confirm whether it is feasible and whether both 4-1 and 4-2 are needed.




Additionally, RAN2 has made some assumptions on aspects relevant to RAN1 and would like to check RAN1 views on the following for multicast reception in RRC_INACTIVE in the incoming LS [1]:

	· Question 1: Is the following RAN2 assumption feasible? If feasible, whether both DCI format 4-1 and DCI format 4-2 are needed? 
· For MTCH, RAN2 assumes to reuse the same DCI formats of R17 multicast (i.e. DCI format 4-1/4-2) for dynamic scheduling of multicast in RRC INACTIVE. RAN2 assumes for multicast MCCH scheduling, DCI format 4-0 is used.
· Question 2: Is the following RAN2 understanding correct?
· RAN2 understanding is that PDSCH aggregation is supported for multicast MTCH in RRC_INACTIVE (as that is supported in Rel-17 for multicast MTCH in RRC_CONNECTED as well as for broadcast MTCH).
· Question 3: Is it feasible to reuse the following Rel-17 CSS design for multicast MTCH and multicast MCCH?
· 3.1) Reusing the same CSS or the same CSS type for multicast MTCH in RRC_INACTIVE (same as multicast MTCH in RRC_CONNECTED).
· 3.2) Separate CSS(es) for multicast MCCH and multicast MTCH in RRC_INACTIVE. 



In the RAN1#113 meeting, the issues were discussed and the following agreement was made [2].
	Agreement
The response LS to RAN2 LS ( R1-2304325) is agreed as follows:
From RAN1’s perspective, the following RAN2 assumption is feasible.  
· For MTCH, RAN2 assumes to reuse the same DCI formats of R17 multicast (i.e. DCI format 4-1/4-2) for dynamic scheduling of multicast in RRC INACTIVE. RAN2 assumes for multicast MCCH scheduling, DCI format 4-0 is used.
Proposal to Question 1:
From RAN1’s perspective, DCI format 4_0 can be reused for multicast MCCH reception in RRC_INACTIVE. At least DCI format 4_1 can be reused for multicast MTCH reception in RRC_INACTIVE.  
Proposal 3_v1: There is no consensus to support DCI format 4_2 for multicast MTCH reception in RRC INACTIVE in RAN1.
Proposal to Question 2:
RAN1 confirms the RAN2 understanding is correct. Slot-level PDSCH repetition is supported for multicast MTCH PDSCH reception in RRC_INACTIVE
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per G-RNTI for multicast MTCH PDSCH in RRC_INACTIVE
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table for scheduling multicast MTCH PDSCH in RRC_INACTIVE. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same multicast PDSCH.
Proposal to Question 3:
From RAN1’s view, separate CSS(es) can be configured for multicast MCCH and multicast MTCH in RRC_INACTIVE.
For question 3.1, convey to RAN2 that RAN1 is still discussing the response.

R1-2306177	Draft reply LS on multicast reception in RRC_INACTIVE	Moderator (Apple)
Final LS is approved in R1-2306243.




In the last meeting, RAN1 further discussed question 3.1, and the following agreement was made [3].
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Agreement
Send an LS to RAN2:
· Proposal 1: From RAN1’s view, it is feasible to reuse the same CSS or the same CSS type for multicast MTCH in RRC_INACTIVE as the multicast MTCH in RRC_CONNECTED. It is up to network to configure the same or different search space ID for multicast MTCH in RRC_INACTIVE and multicast MTCH in RRC_CONNECTED.
· [bookmark: _Hlk146215101]Proposal 2: From RAN1’s view, both Type 3-PDCCH CSS and Type0/0B-PDCCH CSS can be used for multicast MTCH in RRC_INACTIVE. But both will require additional RAN1 work to enhance these search spaces to meet RAN2 relevant agreements. RAN1 has not decided which CSS type(s) will be used for multicast MTCH. RAN1 will continue discussing the detailed specification impacts regarding the CSS type.
LS is endorsed in R1-2308612



This paper further discusses the CSS type for multicast MTCH in RRC_INACTIVE. 

2. Discussion
The issue for CSS design for multicast reception in RRC_INACTIVE was discussed for server meetings in RAN1 and there is still no consensus in RAN1 on the CSS type(s) to be used for multicast MTCH in RRC_INACTIVE. The current situation is:
1) RAN2 agreed that the multicast transmission in RRC_INACTIVE is performed via beam sweeping based on SSB index like broadcast MBS (i.e. beam information is not needed in DCI).
2) RAN2 sent LS to RAN1 to ask whether it is feasible to reuse the same CSS or the same CSS type for multicast MTCH in RRC_INACTIVE (same as multicast MTCH in RRC_CONNECTED).
3) RAN discussed the issue and the following were agreed.
· From RAN1’s view, it is feasible to reuse the same CSS or the same CSS type for multicast MTCH in RRC_INACTIVE as the multicast MTCH in RRC_CONNECTED. It is up to network to configure the same or different search space ID for multicast MTCH in RRC_INACTIVE and multicast MTCH in RRC_CONNECTED.
· From RAN1’s view, both Type 3-PDCCH CSS and Type0/0B-PDCCH CSS can be used for multicast MTCH in RRC_INACTIVE. But both will require additional RAN1 work to enhance these search spaces to meet RAN2 relevant agreements. RAN1 has not decided which CSS type(s) will be used for multicast MTCH. RAN1 will continue discussing the detailed specification impacts regarding the CSS type.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: _Hlk146720065][bookmark: OLE_LINK111]Note that currently, for broadcast reception, same type CSS or same CSS can be used for UE in RRC_CONNECTED and RRC_IDLE/INACTIVE and beam sweeping is supported. Specifically, Type0/0B/3-PDCCH CSS are defined for broadcast MCCH and broadcast MTCH, where the search space is configured by searchSpaceMCCH or searchSpaceMTCH. 
· For the primary cell of the MCG, 
· [bookmark: OLE_LINK37]if searchSpaceZero is provided by searchSpaceID=0, it is defined as Type0 CSS. For broadcast MCCH, the mapping between PDCCH monitoring occasions and SSB(s) is defined in TS 38.213. For broadcast MTCH, the mapping between PDCCH monitoring occasions and SSB(s) is configured by mtch-SSB-MappingWindowList-r17. 
· if searchSpaceID is set to non-zero, it is defined as Type0B CSS. For broadcast MCCH, the mapping between PDCCH monitoring occasions and SSB(s) is defined in TS 38.331. For broadcast MTCH, the mapping between PDCCH monitoring occasions and SSB(s) is configured by mtch-SSB-MappingWindowList-r17.
· For the secondary cell
· [bookmark: OLE_LINK52][bookmark: OLE_LINK53]It is defined as Type3 CSS regardless searchSpaceID is set to zero or other values. For UEs in RRC_CONNECTED, beam sweeping is not necessary. It is noted in TS 38.331 that the UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast if the UE can acquire it without disrupting unicast or MBS multicast data reception, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located.
It should be noted that CSS type definition is a RAN1 issue and what RAN2 concerns is about whether the same search space can be used for UEs in different RRC states and how to configure search space for multicast reception. Currently, type3-CSS is mainly for receptions in RRC_CONNECTED. For multicast reception in RRC_INACTIVE, similar mechanism as that of broadcast can be considered. That is, for RRC_INACTIVE UEs, support of both searchSpace#0 and search space other than searchSpace#0 for GC-PDCCH scheduling multicast MCCH and/or multicast MTCH. The name of CSS type for multicast MCCH and multicast MTCH can be similar as that for broadcast MCCH and MTCH reception in RRC_IDLE/RRC_INACTIVE. For example, following RAN1 change is observed.
	[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc130394897][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
[bookmark: _Hlk146635703][bookmark: OLE_LINK36]-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by 
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
[bookmark: _Hlk146635747][bookmark: _Hlk146635667]-	searchSpaceZero by providing searchSpaceID=0 for searchSpaceMCCH or searchSpaceMTCH for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast
[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK69][bookmark: OLE_LINK70]-	searchSpaceZero by providing searchSpaceID=0 for searchSpaceMCCHMulticast for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI for multicast or searchSpaceMTCHMulticast for a DCI format 4_1 with CRC scrambled by a G-RNTI for multicast
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0B-PDCCH CSS set configured by searchSpaceMCCH and searchSpaceMTCH for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast, on the primary cell of the MCG
-	a Type0C-PDCCH CSS set configured by searchSpaceMCCHMulticast for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI for multicast or searchSpaceMTCHMulticast for a DCI format 4_1 with CRC scrambled by a G-RNTI for multicast, on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type1A-PDCCH CSS set configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a C-RNTI or a CS-RNTI on the primary cell as described in clause 19.1
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by pei-SearchSpace in pei-ConfigBWP for a DCI format 2_7 with CRC scrambled by a PEI-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
-	SearchSpace in pdcch-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
[bookmark: _Hlk146636172][bookmark: OLE_LINK38]-	searchSpaceMCCH and searchSpaceMTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI for broadcast, and




[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: _GoBack]Regarding the beam sweeping supported for multicast in RRC_INACTIVE, the mapping of PDCCH monitoring occasions to SSBs specified for broadcast in current spec can be used as a starting point. Similar as current CSS for MBS broadcast, both searchSpaceZero and search space other than searchSpaceZero can be used for MBS multicast in RRC_INACTIVE. For multicast MCCH, if searchSpaceZero is used, PDCCH monitoring occasions for multicast reception in a window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213.  If each space other than searchSpaceZero is used, the mapping between PDCCCH monitoring occasions and SSB indexes can be defined in TS 38.331. For multicast MTCH, it can be indicated by gNB, e.g. MTCH-SSB-MappingWindowList for multicast is used to configure MTCH PDCCH occasions for multicast to SSB mapping window.
[bookmark: OLE_LINK108][bookmark: OLE_LINK67][bookmark: OLE_LINK68]Proposal 1: For RRC_INACTIVE UEs, for multicast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling. The CSS type can be defined in the similar way as that for broadcast MCCH and MTCH reception in RRC_IDLE/RRC_INACTIVE. For example
· searchSpace#0 configured for multicast MCCH or multicast MTCH can be defined as type0-CSS.
· Search space other than searchSpace#0 configured for multicast MCCH or multicast MTCH can be defined as type0C-CSS.
Conclusion 
This contribution discusses remaining question asked by RAN2 on multicast reception in RRC_INACTIVE. We have the following proposal:
Proposal 1: For RRC_INACTIVE UEs, for multicast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling. The CSS type can be defined in the similar way as that for broadcast MCCH and MTCH reception in RRC_IDLE/RRC_INACTIVE. For example
· searchSpace#0 configured for multicast MCCH or multicast MTCH can be defined as type0-CSS.
· Search space other than searchSpace#0 configured for multicast MCCH or multicast MTCH can be defined as type0C-CSS.
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