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1. Introduction
During RAN2 meeting#125, RAN2 agreed to introduce a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state in the incoming LS [1]:
	[bookmark: OLE_LINK1]RAN2 would like to thank RAN1 for the replay LS on UE capability of multicast reception in RRC_INACTIVE. 

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]RAN2 agreed to introduce a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state. 



This paper discusses about the detailed UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state including UE feature and specification change for TS 38.202.

2. Discussion
UE feature
In RAN1#115, RAN1 made discussions on UE Capability of Multicast Reception in RRC_INACTIVE triggered by RAN2 LS and the following agreements were made [2].
	Agreement:
RAN1 confirms the RAN2 assumption that the UE in RRC_INACTIVE state is not required to support FDMed multicast MCCH PDSCH or MTCH PDSCH with DL channels other than FDMed multicast MCCH PDSCH and PBCH in a slot in Pcell. Specifically, from RAN 1’ perspective, the UE in RRC_INACTIVE state is not expected to support reception of
· FDMed multicast MTCH PDSCH and PBCH 
· FDMed multicast MCCH PDSCH and multicast MTCH PDSCH 
· FDMed multiple multicast MTCH PDSCHs
· FDMed multicast MCCH/multicast MTCH PDSCH and SIB PDSCH 
· FDMed multicast MCCH/multicast MTCH PDSCH and Paging PDSCH 
· FDMed multicast MCCH/multicast MTCH and RAR PDSCH
· FDMed multicast MCCH/MTCH and broadcast MCCH/MTCH 
Agreement:
FG 33-3-2 and FG 33-3-3 do not apply to the UE multicast reception in RRC INACTIVE state. 

Agreement:
From RAN1 perspective, 
· a new FG for the support of FDMed any combinations of unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state is not needed.
· whether a new FG for the support of intra-slot TDMed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state is introduced is up to RAN2.
LS to RAN2 is approved in:
R1-2312641	Reply LS on UE Capability of Multicast Reception in RRC_INACTIVE	RAN1, vivo



In Rel-17, for multicast reception in RRC_CONNECTED state, feature group of 33-3-2 and 33-3-3 are introduced to support FDMed and intra-slot TDMed PDSCHs between unicast PDSCH and group-common PDSCHs. RAN1 agreed that FG 33-3-2 and FG 33-3-3 do not apply to the UE multicast reception in RRC INACTIVE state and whether a new FG for the support of intra-slot TDMed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state is introduced is up to RAN2. In the LS [1], RAN2 agreed to introduce a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs. Thus, a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs needs to be defined.
When defining the FG for the support of intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state, the following options are identified.
· Option 1: Support TDM between one group-common PDSCH for multicast and one unicast PDSCH in a slot
· Option 2: Support TDM between one group-common PDSCH for multicast and one group-common PDSCH for broadcast or one unicast PDSCH in a slot
· Option 3: Define the feature group similar as that of 33-3-3 for UEs in RRC_CONNECTED state so that {2,4,7} TDMed PDSCHs in a slot can be supported based on UE capability. For the FG for the support of intra-slot TDM-ed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state, the components include:
1. Support TDM between one unicast PDSCH and one group-common PDSCH for multicast in a slot.
2. Support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH for multicast in a slot per CC
3. Support TDM among N (N>1) group-common PDSCHs in a slot per CC
4. Support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
5. The UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b
· Note:  Group-common PDSCH(s) are counted as unicast PDSCH(s).
· Note: The max number of (M+1), N, (K+L) are determined based on the numbers reported by FG5-11 and/or FG5-11a and/or FG5-11b.
6. up to one broadcast PDSCH is supported in a slot.
7.  For any two consecutive slots n and n+1, if there are more than 1 broadcast/multicast/unicast PDSCH in either slot, whether to require the minimum time separation between starting time of any two broadcast/multicast/unicast PDSCHs within the duration of these slots is 4 OFDM symbol for 30kHz and 7 OFDM symbol for 60kHz
It is obvious that option 1 is the simplest one, and is aligned with RAN2’s main motivation to support intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state, i.e., intra-slot TDM between unicast PDSCH and multicast PDSCH is beneficial for UE with both small data transmission and multicast transmission. Option 2 supports TDM between multicast PDSCH and broadcast PDSCH besides TDM between multicast PDSCH and unicast PDSCH. If UE supports TDM between multicast PDSCH and unicast PDSCH, and UE supports broadcast reception, there is no difference between reception of unicast PDSCH and reception of broadcast PDSCH, so UE can also support TDM between multicast PDSCH and broadcast PDSCH. For option 3, it reuses the intra-slot TDM capability for UE in RRC_CONNECTED state. It looks straightforward, but it is very complicated. Note that more than one TDMed unicast PDSCHs in one slot is also supported in this option which is different from legacy. Rel-18 MBS is enhancements for MBS multicast in RRC_INACTIVE state, enhancements for unicast PDSCH may be out of scope and should not be pursued especially at the later stage. Thus, we think both option 1 and option 2 can be considered, and option 1 is preferred for simplicity.
In addition, to define a new FG for intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast in RRC_INACTIVE state, a basic layer L1 FG for multicast reception in RRC_INACTIVE state is needed, which can be based on multicastInactive-r18 defined in RAN2.
Proposal 1: The following UE feature groups are introduced for multicast reception in RRC_INACTIVE sate with intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state.

	xx-y
	Dynamic scheduling for multicast in RRC_INACTIVE state
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]1. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by Multicast
MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by G-RNTI.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_0 with CRC scrambled with Multicast
MCCH-RNT for multicast MCCH.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]5. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast MTCH.
6. Support one G-RNTI for multicast reception.
5. Support of inter-slot TDM between group-common PDSCH for multicast and other PDSCHs in different slots.
	
	
	
	N/A
	N/A
	
	Optional with capability signalling

	
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast in RRC_INACTIVE state
	1. Support TDM between one unicast PDSCH and one group-common PDSCH for multicast in a slot.
2. For any two consecutive slots n and n+1, if there are more than 1 multicast/unicast PDSCH in either slot, whether to require the minimum time separation between starting time of any two multicast/unicast PDSCHs within the duration of these slots is 4 OFDM symbol for 30kHz and 7 OFDM symbol for 60kHz
	xx-y, 5-11 and/or 5-11a and/or 5-11b
	
	
	N/A
	N/A
	Candidate value for component 2: require the minimum time separation time {yes, no}
	Optional with capability signalling



TS 38.202
When intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state is supported, specification change for TS 38.202 is needed. The following TP1 can be adopted. 
Proposal 2: The following TP1 for TS 38.202 is endorsed to support intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state. 

**************************************************The start of TP1*************************************************** 

6.2	Downlink
The tables 6.2-1, 6.2-2 describe the possible combinations of physical channels that can be received simultaneously in the downlink by one UE. Table 6.2-1 introduces notation for a "Reception Type" which represents a physical channel and any associated transport channel. Table 6.2-2 describes the combinations of these "Reception Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be received simultaneously. The UE shall be able to receive all TBs according to the indication on PDCCH. Any subset of the combinations specified in table 6.2-2 is also supported.

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D3
	PDCCH+PDSCH
	G-RNTI, G-CS-RNTI
	DL-SCH
	Note 6

	D4
	PDCCH
	G-CS-RNTI
	N/A
	Note 7

	D5
	PDCCH+PDSCH
	MCCH-RNTI
	DL-SCH
	Note 8

	D6
	PDCCH+PDSCH
	G-RNTI
	DL-SCH
	Note 9

	D7
	PDCCH+PDSCH
	C-RNTI
	DL-SCH
	Note 10

	D8
	PDCCH+PDSCH
	multicast-MCCH-RNTI
	DL-SCH
	Note 11

	D9
	PDCCH+PDSCH
	G-RNTI
	DL-SCH
	Note 12

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	F2
	PDCCH
	C-RNTI, CS-RNTI
	UL-SCH
	Note 10

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SL-CS-RNTI
	SL-SCH
	

	M
	PDCCH
	SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	P
	PDCCH
	CI-RNTI
	N/A
	

	Q
	PDCCH
	PEI-RNTI
	N/A
	Note 1

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.
Note 6:	This is for multicast in RRC connected state.
Note 7:	This corresponds to DL Semi-Persistent Scheduling release for multicast in RRC connected state.
Note 8:	This is for broadcast MCCH. 
Note 9:	This is for broadcast MTCH. UE is not required to decode more than one PDSCH for MTCH simultaneously.
Note 10:	This is for small data transmission in RRC inactive state.
Note 11: 	This is for multicast MCCH in RRC inactive state.
Note 12: 	This is for multicast MTCH in RRC inactive state.




Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	1.1 All UEs

	A + (B and/or (C1 or Q) and/or D0) + F0
	
	
	Note 1

	1.2 UEs supporting MBS broadcast reception 

	A+D5
	
	
	

	2. RRC_INACTIVE

	2.1 All UEs

	A + (B and/or (C0 or C1 or Q) and/or (D0 or D7)) + (F0 or F2)
	
	
	Note 1

	2.2 UEs supporting MBS broadcast reception 

	A+D5
	
	
	

	2.3 UE supporting MBS multicast reception

	A+D8 
 A+ D7 +  (D8 or D9)
	
	
	Note 13,
Note 14

	3. RRC_CONNECTED

	(A + ((C0 + (B and/or (D0 or (m1*D1+m2*D2+((m3*D3+m4*D4) or m5*(D5 or D6))))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + L0 + L1 + M + N + P) or D5)) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + N + P) 
	m1*D1 + m2*D2 + ((m3*D3+m4*D4) or m5*(D5 or D6)) + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + L0 + L1 + M + P
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8, Note 9, Note 10, Note 11, Note 12, Note13, Note 14

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SL-CS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.
Note 9:	For a UE supporting MBS multicast reception, the values of 1 ≥ m3 ≥ 0 and m4 ≥ 0 are subject to UE capability and applicable to RRC connected UEs. If m3 = 1, then m1 ≤ 1.
Note 10:	For a UE supporting MBS multicast or broadcast reception, the UE is not expected to be configured simultaneously with more than one component carrier for multicast or broadcast reception.
Note 11:	For a UE supporting MBS broadcast reception, the values of 1≥m5 ≥ 0 are subject to UE capability and applicable to RRC connected UEs. If m5=1, then m1≤1.
Note 12:	For a UE supporting MBS broadcast reception in RRC_CONNECTED state, it is required to support reception of FDMed MCCH PDSCH and PBCH in Pcell.
Note 13:	For a UE supporting MBS multicast or broadcast reception in RRC_CONNECTED state, it is not required to support reception of FDMed MCCH PDSCH/broadcast MTCH PDSCH/multicast MTCH PDSCH and SIB PDSCH in PCell.
Note 14:	For a UE supporting MBS multicast or broadcast reception in RRC_CONNECTED state, it is not required to support reception of FDMed broadcast MTCH PDSCH/multicast MTCH PDSCH and PBCH in PCell.



*********************************************The end of TP1********************************************************* 

Conclusion 
This contribution discusses the detailed UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state. We have the following proposals:
Proposal 1: The UE feature groups in section 2 are introduced for multicast reception in RRC_INACTIVE sate with intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state.
Proposal 2: TP1 for TS 38.202 is endorsed to support intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state. 
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