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1. [bookmark: _Toc120549591]Introduction
During the discussion in RAN1#112 meeting, whether multi-TRP operation can be supported for MBS was raised, however the initial thinking among companies is diverged. Some companies thought the multi-TRP should not be supported for MBS to avoid further specification impacts, while others thought that at least multi-TRP PDCCH repetition can be supported. In this contribution, the detailed analysis on multi-TRP operation for MBS will be discussed.
2. Discussion
In the following two sections, we will analyse the feasibility and potential specification impacts about whether Rel-16 multi-TRP PDSCH transmission and Rel-17 multi-TRP PDCCH transmission can be supported for MBS.
2.1 Rel-16 M-TRP PDSCH transmission
There are two categories in Rel-16 multi-TRP PDSCH transmission, which the first is multi-DCI based PDSCH transmission to improve system capacity and the second is single-DCI based PDSCH transmission to improve PDSCH reliability.
For broadcast PDSCH reception, it is not feasible to transmit broadcast PDSCH from multi-TRPs for RRC_IDLE/RRC_INACTIVE UEs.
[bookmark: _Hlk131432187]For multi-DCI based multi-TRP multicast PDSCH transmission, new multicast HARQ-ACK codebook construction method needs to be designed if joint HARQ-ACK feedback is configured for multi-TRP which causes huge specification impacts and should be avoided at this stage.
Observation 1. When joint HARQ-ACK feedback is configured to Rel-16 multi-DCI based multi-TRP PDSCH transmission, new multicast HARQ-ACK codebook determination is needed. 
For single-DCI based multi-TRP multicast PDSCH transmission, there are five transmission methods with the following analysis as in Table 1:
Table 1. Feasibility of single-DCI based multi-TRP PDSCH transmission for MBS
	Multi-PDSCH transmission method
	Illustration
	Whether can be implemented for multicast

	SDM 1a
	[image: ]
	No
Reason: Multicast DCI format cannot indicate orthogonal DRMS port for different TRPs.

	FDM 2a
	[image: ]
	No
Reason: In one MBS group, UEs with multi-TRP capability and UEs without multi-TRP capability have different interpretations of FDRA field in the same multicast DCI which causes incorrect PDSCH reception. For example, UEs with multi-TRP capability interpret the FRDA are allocated separately between two TRPs, while UEs without multi-TRP capability interpret the whole FRDA is allocated in TRP0.

	FDM 2b
	[image: ]
	Yes
Reason: In one MBS group, UEs with multi-TRP capability can receive both RVs from two TRPs and UEs without multi-TRP capability only receive the RV0 from TRP0.

	Intra slot TDM 3
	[image: ]
	Yes
Reason: In one MBS group, UEs with multi-TRP capability can receive both RVs from two TRPs and UEs without multi-TRP capability only receive the RV0 from TRP0.

	Inter slot TDM 4
	[image: ]
	No
Reason: In one MBS group, UEs with multi-TRP capability and UEs without multi-TRP capability have different interpretations of repetition pattern in the same multicast DCI which causes incorrect PDSCH reception. For example, UEs with multi-TRP capability interpret RV0 and RV1 are transmitted from different TRPs, while UEs without multi-TRP capability interpret RV0 and RV1 are transmitted from the same TRP.



[bookmark: _Hlk131433318]Observation 2. Only single-DCI based multi-TRP PDSCH transmission FDM 2b and intra slot TDM 3 can be implemented for MBS.
According to the above analysis, there is huge specification impacts for multi-DCI based multi-TRP MBS PDSCH transmission. Regarding single-DCI based multi-TRP MBS PDSCH transmission, the feasible methods are limited and original intension of single-DCI based multi-TRP is to improve PDSCH reliability for URLLC which is not a key characteristic of MBS service. Therefore, we think the motivation of support Rel-16 multi-TRP PDSCH transmission for MBS is not so strong.
Proposal 1. Rel-16 multi-TRP PDSCH transmission is not supported for MBS.
2.2 Rel-17 M-TRP PDCCH transmission
The PDCCH repetition was introduced in Rel-17 for multi-TRP transmission and the following agreements was achieved about which type of search space set can be supported for PDCCH repetition.
	Agreement (RAN1#106e)
Support PDCCH repetition for Type3 CSS.
Agreement (RAN1#106e)
SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.
Agreement (RAN1#106bis-e)
The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace.
Agreement (RAN1#108-e)
The following SS sets cannot be linked with another SS set for PDCCH repetition:
· searchSpaceBroadcast, peiSearchSpace, and sdt-SearchSpace



In RAN1#106e meeting, the Type3 CSS was agreed to support PDCCH repetition. However, the search space type for multicast search space has been not decided in Rel-17 MBS topic in RAN1#106e meeting, i.e., whether multicast search space is Type3 CSS. Actually, the original intention of support Type3 CSS is considering DCI format 2_x series during the discussion as the following question in the FL’s summary [1] but not multicast scheduling DCI.

	Question 1: Which of the following CSS types should / should not be supported for PDCCH repetition in Rel. 17?
· CSS Type3 (DCI formats 2_x)
· CSS Type0/0A/1/2 in RRC connected


Therefore, it is worthwhile to further clarify whether the Type3 CSS for PDCCH repletion include multicast DCI or not. Although the current specification has supported Type3 CSS for PDCCH repetition, some key issues still need further check especially the reference PDCCH related issues since there are two PDCCHs in one slot. For example, in one MBS group some UEs support Rel-17 PDCCH repetition but others not, they may have different interpretation on the reference PDCCH and related procudures. The detailed analysis is as the following Table 2.

Table 2. Feasibility of multi-TRP PDCCH repetition for multicast
	Issues
	Reference PDCCH
	Feasibility analysis

	Scheduling offset for “timeDurationForQCL”
	the candidate that ends later in time
	gNB indicates a proper K0 to guarantee all UEs using the same beam, e.g., scheduling offset lager than all UEs’ “timeDurationForQCL”

	Out-of-order / in-order definition for PDCCH-to-PDSCH
	the candidate that ends later in time
	gNB guarantees the out-of-order / in-order scheduling for each UE

	counter DAI / total DAI and Type-2 HARQ-Ack codebook construction
	the candidate that ends earlier in time
	gNB guarantees the earlier PDCCH to be received by all UEs, e.g., configuring the same SS to all UEs to transmit the earlier PDCCH

	PUCCH resource determination based on the PRI field of the last DCI
	the candidate that ends earlier in time
	gNB guarantees the earlier PDCCH to be received by all UEs, e.g., configuring the same SS to all UEs to transmit the earlier PDCCH

	N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI
	the candidate that ends later in time
	Since the HARQ-ACK feedback for multicast SPS release can only use ACK/NACK based feedback and the feedback is per UE, it is feasible even the HARQ-ACK feedback slot for multicast SPS release is not the same for all UEs

	SPS PDSCH cancelation timeline (14 symbols)

	the candidate that ends later in time
	The PDSCH reception behaviours are different among UEs if the earlier PDCCH is at least 14 symbols before the SPS PDSCH while the later PDCCH is not. This may cause not all the UEs receive the same multicast DG or SPS PDSCH.
Note: this needs a RAN1 CR if PDCCH repetition is supported for multicast DCI to clarify the SPS/DG PDSCH cancelation for linked PDCCH is also applied for G-RNTI/G-CS-RNTI

	starting drx-InacitivityTimer
	the candidate that ends later in time
	Although the total active time of UEs with multi-TRP capability is longer than UEs without multi-TRP capability, gNB can transmit DL grant within the intersection of different UEs’ active time to guarantee all UEs receiving same multicast PDSCH.


As the rough analysis above, although some “reference PDCCH” issues can be avoided by proper scheduling, these issues still give gNB more implementation complexity to consider different UEs’ different “reference PDCCH” in one MBS group. In addition, some issues may not be avoided easily, for example the collision between DG PDSCH and SPS PDSCH which will cause the two camps of UEs (with or without PDCCH repetition capability) receive different multicast PDSCHs. Therefore, we think not support multicast PDCCH repetition is the simplest solution at this stage without further analysis and discussion about the above issues and consequent CRs. 
In addition, if we decide not support multicast DCI for PDCCH repetition, the following sentence in TS 38.331 needs to be corrected to preclude multicast DCI and a LS send to RAN2 is needed.

	SearchSpaceLinkingId
[bookmark: _Hlk130917776]This parameter is used to link two search spaces of same type in the same BWP. If two search spaces have the same SearchSpaceLinkingId UE assumes these search spaces are linked to PDCCH repetition REF. When PDCCH repetition is monitored in two linked search space (SS) sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets. The two linked SS sets have the same SS set type (USS/CSS). The two linked SS sets have the same DCI formats to monitor. For intra-slot PDCCH repetition: The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration. For linking monitoring occasions across the two SS sets that exist in the same slot: The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set. The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, searchSpaceMCCH, searchSpaceMTCH, peiSearchSpace, and sdt-SearchSpace. SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition. When a scheduled serving cell is configured to be cross-carrier scheduled by a scheduling serving cell, two PDCCH candidates (with the same AL and candidate index associated with the scheduled serving cell) are linked only if the corresponding two SS sets in the scheduling serving cell are linked and two SS sets in the scheduled serving cell with the same SS set IDs are also linked.
This parameter is not applicable to search space configured with dci-FormatsSL for monitoring format 3-0 or format 3-1 or for monitoring formats 3-0 and format 3-1.



Proposal 2. Rel-17 multi-TRP PDCCH repetition is not supported for multicast DCI.
· Send a LS to RAN2 to inform that SearchSpace in pdcch-ConfigMulticast cannot be linked with another SS set for PDCCH repetition.
3. Conclusions
In this contribution, the detailed analysis on multi-TRP operation for MBS are discussed, and the following observations and proposals are made.
Observation 1. When joint HARQ-ACK feedback is configured to Rel-16 multi-DCI based multi-TRP PDSCH transmission, new multicast HARQ-ACK codebook determination is needed. 
Observation 2. Only single-DCI based multi-TRP PDSCH transmission FDM 2b and intra slot TDM 3 can be implemented for MBS.
Proposal 1. Rel-16 multi-TRP PDSCH transmission is not supported for MBS.
Proposal 2. Rel-17 multi-TRP PDCCH repetition is not supported for multicast DCI.
· Send a LS to RAN2 to inform that SearchSpace in pdcch-ConfigMulticast cannot be linked with another SS set for PDCCH repetition.
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