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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In Rel-17, PDCCH repetition is introduced in eMIMO for PDCCH reliability enhancements, which can be configured for any two USS/type3 CSS if UE indicates the corresponding UE capability. In the contribution, we provide our views on whether/how to support PDCCH repetition for sidelink.
2. Discussion
1. 
2. 
In Rel-17, PDCCH repetition is introduced for PDCCH reliability enhancements in eMIMO. Two USS sets or two type3 CSS sets in the same BWP can be explicitly linked if they are configured with a same value for searchSpaceLinkingId. The two linked SS sets should have the same periodicity, same offset, same duration, same number of monitoring occasions, same AL, and the same number of candidates for each AL. The n-th monitoring occasion of one SS set in a slot is linked to n-th monitoring occasion of the other SS set in the same slot, and two linked PDCCH candidates in the two SS sets have the same candidate index. Moreover, the two PDCCH candidates of repetition should have the same number of CCEs and same coded bits, and correspond to the same DCI payload. An example of PDCCH repetition is as below, whereas the PDCCH candidate of SS0 is linked with the PDCCH candidate of SS1. The related RAN1 and RAN2 specifications are copied below.
[image: ] 
Figure 1. Example of PDCCH repetition
	TS 38.331
SearchSpaceLinkingId
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, searchSpaceBroadcast, 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.



	TS 38.213
When PDCCH repetition is configured, a PDCCH reception includes two PDCCH candidates from corresponding two search space sets, 
-	a PDCCH monitoring occasion is the union of the PDCCH monitoring occasions for the two PDCCH candidates
-	the start of the PDCCH reception is the start of the earlier PDCCH candidate
-	the end of the PDCCH reception is the end of the PDCCH candidate that ends later
…
For search space sets  and  that include searchSpaceLinkingId with same value, a UE monitors, in monitoring occasions with same index according to each of search space sets  and  in a slot, PDCCH candidates  and , with , for detection of a DCI format with same information. The UE expects , , , and a same number of non-overlapping PDCCH monitoring occasions per slot based on corresponding monitoringSymbolsWithinSlot, for search space sets  and .


There was no discussion in eMIMO on whether PDCCH repetition for SL DCI format is supported or not. On the one hand, there is no explicit agreement to support PDCCH repetition specifically for SL DCI. On the other hand, according to the existing specifications (i.e., field description of searchSpaceLinkingId in RAN2 specificaiton), this feature seems to already be applicable to any DCI format including SL DCI format. RAN1 should clarify whether PDCCH repetition is supported for SL DCI format.
[bookmark: _Ref115266897]Observation 1. According to current specification, PDCCH repetition can be configured for any USS/type3 CSS with any DCI format including SL DCI format.
[bookmark: _Ref115266890]Proposal 1. RAN1 should clarify if PDCCH repetition is supported for SS sets configured with SL DCI format 3-0 and/or 3-1.

If PDCCH repetition is supported for SL DCI format, some clarifications are needed.
In Uu, as there are two PDCCH candidates per PDCCH reception when PDCCH repetition is configured, a list of agreements have been achieved to specify which PDCCH candidate is used as the reference point to deriving the processing timeline, etc. Some related agreements and spec text are copied in annex.
In summary, for Uu scheduling:
· The PDCCH candidates that starts ealier in time is used for
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction
· As cDAI/tDAI is related to the accumulative number of monitoring occasions in which DCIs with the corresponding PUCCH are received, and the monitoring occasions are indexed in increasing order of the starting time of the occasions, it is natural to use PDCCH candidates starting earlier for cDAI/tDAI determination.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI
· Similarly, as the PDCCH monitoring occasion is used to determine the last DCI format for PUCCH determination and the PDCCH monitoring occasions carrying DCIs associated with a same PUCCH slot are indexed in increasing order of the starting time of the occasions, the PDCCH candidates starting earlier is used for determining the PUCCH resource.
· The PDCCH candidates that ends later in time is used for
· For PUSCH preparation time (N2) 
· With regard to the PUSCH preparation time, as UE may drop the monitoring of some PDCCH candidates due to collision(e.g., collision with SSB/CRS), each PDCCH candidate should ensure sufficient time for PUSCH preparation and transmission, thus the later PDCCH is used to determine the ‘last symbol of the PDCCH carrying the DCI scheduling the PUSCH’.

To support PDCCH repetition for SL DCI format, the same clarifications specified to Uu DCI should be copied to SL DCI as well (i.e., for PUCCH determination/SAI counting/PSSCH preparation time): 
· The PDCCH candidate that starts earlier is used for
· SAI counting 
· Last DCI format 3-0 for PUCCH resource determination 
· The PDCCH candidate that ends later is used for
· For PSSCH preparation time 
Draft CRs [1][2] based on the above changes are prepared for reference. 
On the other hand, if PDCCH repetition for SL DCI format is not supported, RAN1 should send a LS to RAN2 for updating TS 38.331, i.e., to exclude SL DCI format from PDCCH repetition, as follows: 
	SearchSpaceLinkingId
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, searchSpaceBroadcast, 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 for format 3-0, or for format 3-1, or for formats 3-0 and 3-1.


[bookmark: _Ref115266899]Proposal 2. If PDCCH repetition is supported for SS sets with SL DCI format, for a PDCCH reception  including two PDCCH candidates, RAN1 should clarify which PDCCH candidate is used to determine the PUCCH for SL HARQ-ACK/SAI counting/PSSCH preparation time.
[bookmark: _Ref115266900]Proposal 3. If PDCCH repetition is not supported for SS sets with SL DCI format, RAN1 should send a LS to RAN2 to remove the support of PDCCH repetition for SS sets configured with SL DCI format 3-0 and/or 3-1.
3. Conclusion
Observation 1. According to current specification, PDCCH repetition can be configured for any USS/type3 CSS with any DCI format including SL DCI format.
Proposal 1. RAN1 should clarify if PDCCH repetition is supported for SS sets configured with SL DCI format 3-0 and/or 3-1.
Proposal 2. If PDCCH repetition is supported for SS sets with SL DCI format, for a PDCCH reception  including two PDCCH candidates, RAN1 should clarify which PDCCH candidate is used to determine the PUCCH for SL HARQ-ACK/SAI counting/PSSCH preparation time.
Proposal 3. If PDCCH repetition is not supported for SS sets with SL DCI format, RAN1 should send a LS to RAN2 to remove the support of PDCCH repetition for SS sets configured with SL DCI format 3-0 and/or 3-1.
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Annex
	Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.
TS 38.213
[bookmark: _Hlk115110013]In the remaining of this clause, a last DCI format is the DCI format that a UE detects in a last PDCCH monitoring occasion from the PDCCH monitoring occasions for which the UE would provide HARQ-ACK information in a PUCCH in a same slot.
==omitted==
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions, excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index m, where 0≤m<M. 
==omitted==
The set of PDCCH monitoring occasions for DCI formats scheduling PDSCH receptions, or having associated HARQ-ACK information without scheduling PDSCH reception, is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of their start times. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s), excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided, or HARQ-ACK information that does not correspond to PDSCH receptions, associated with DCI formats, excluding the SPS activation DCI, is present, up to the current PDCCH monitoring occasion m and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the total DAI value counts the {serving cell, PDCCH monitoring occasion}-pair(s) for both the first CORESETs and the second CORESETs.

Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.
38.214

[bookmark: _Hlk496824026][bookmark: _Hlk45746554][bookmark: _Hlk115106366]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and Koffset, if configured, and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the PDCCH candidate that ends later in time is used.
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 
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