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1. INTRODUCTION
	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.

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.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.


In this contribution, we discuss enhancement for multi-TRP PDCCH.
2. DISCUSSION
PDCCH
As for improving reliability, RAN1 has agreed to link two PDCCH candidates. Due to the two linked PDCCH candidates may be separated in time domain (e.g., TDM), reference PDCCH are persuaded for guaranteeing same scheduling result from the two linked PDCCH candidates. As agreed in last RAN1 e-meeting, latter PDCCH candidate is agreed to be a reference PDCCH candidate for determining scheduling offset, out-of-order, PUSCH preparation time, and CSI computation time. On the other hands, RAN1 also agreed earlier PDCCH candidate as reference PDCCH for determining DAI and PRI. However, there are some remaining cases left in RAN1 104e meeting. 
Issue 1-1 (Starting symbol for PDSCH mapping type B)
On restriction exists for PDSCH mapping type B according to TS 38.214 below. In other words, starting symbol of PDSCH needs to be equal to or latter than starting symbol of scheduling PDCCH.
	TS 38.214
The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.


Since the earlier PDCCH candidate may be miss detected by the UE, if we choose earlier PDCCH candidate as reference PDCCH candidate, it may somehow violate this restriction. Thus, we propose to use latter PDCCH candidate as reference PDCCH candidate for PDSCH mapping type B.
Issue 1-2 (when ReferenceofSLIV-ForDCIFormat1_2 is configured)
In Rel-16, referenceOfSLIVDCI-1-2 was introduced mainly for URLLC. According to TS38.214, once configured referenceOfSLIVDCI-1-2, starting symbol of a SLIV may refer to starting symbol of CORESET rather than slot boundary. 
	TS 38.214
-	The reference point S0 for starting symbol S is defined as: 
-	if configured with referenceOfSLIVDCI-1-2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0.


In our view, although latency will be a concern for URLLC, applying earlier PDCCH candidate as reference may violate restriction of PDSCH mapping type B. Symbol-level delay (from earlier PDCCH candidate to latter PDCCH candidate) may be acceptable for some URLLC service without stringent latency requirement. Thus, we think latter PDCCH candidate could be applied for PDSCH mapping type B related consideration.
Proposal 1: 	Regarding PDSCH mapping type B including referenceOfSLIVDCI-1-2, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 
Issue 2 (Determination of PDSCH beam when TCI field is not present in DCI)
In Rel-15/16, DCI format 1_0, DCI format 1_1, DCI format 1_2 may not have TCI field. In this situation, UE would receive PDSCH based on TCI state related to CORESET for the DCI format, when scheduling offset is equal to or larger than timeDurationForQCL. In our view, since it’s similar to reference PDCCH candidate determination for timing offset agreed in RAN1 104e meeting, it seems straightforward to define latter PDCCH candidate as reference PDCCH candidate. 
[bookmark: _GoBack]Proposal 2: 	Regarding DCI format 1_0, DCI format 1_1, DCI format 1_2 without TCI field, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 
Issue 3 (Different CORESETPoolIndex)
In Rel-16, CORESETPoolIndex is introduced for multi-DCI based PDSCH repetition. For each TRP with association to CORESETPoolIndex=0, or 1, HARQ-ACK codebook determination could be separately generated, and scrambling sequence for PDSCH scrambling or CRS rate matching will also be separately generated. When it comes to two linked PDCCH candidates in time domain in Rel-17 FeMIMO, legacy implementation may need to modify. In our view, regarding two linked PDCCH candidates associated with CORESET with different CORESETPoolIndex, CORESET with lowest CORESET ID or with lowest CORESETPoolIndex=0 can be considered as reference PDCCH candidate. Alternatively, another logic is since this is non-related to timing aspect, earlier PDCCH candidate can be considered as reference PDCCH candidate.
Proposal 3: 	Regarding two linked PDCCH candidates associated with CORESET with different CORESETPoolIndex, 
· Alt1: a reference PDCCH candidate is determined from CORESET with lower CORESET ID or lower CORESETPoolIndex
· Alt2: a reference PDCCH candidate is earlier PDCCH candidate
Issue 4 (SPS PDSCH cancelation)
On restriction exists for SPS PDSCH cancelation due to scheduled PDSCH according to TS 38.214 below. In other words, PDCCH for scheduling PDSCH which is overlapped with SPS PDSCH needs to be 14 symbols earlier than SPS PDSCH. 
	TS 38.214
The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where the symbol duration is based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH.


Since the earlier PDCCH candidate may be miss detected by the UE, if we choose earlier PDCCH candidate as reference PDCCH candidate, it may somehow violate this restriction. Thus, we propose to use latter PDCCH candidate as reference PDCCH candidate for determining SPS PDSCH cancelation.
Proposal 4: 	Regarding SPS PDSCH cancelation by scheduled PDSCH, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 
3. CONCLUSION
In this contribution, we propose the following:
Proposal 1: 	Regarding PDSCH mapping type B including referenceOfSLIVDCI-1-2, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 
Proposal 2: 	Regarding DCI format 1_0, DCI format 1_1, DCI format 1_2 without TCI field, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 
Proposal 3: 	Regarding two linked PDCCH candidates associated with CORESET with different CORESETPoolIndex, 
· Alt1: a reference PDCCH candidate is determined from CORESET with lower CORESET ID or lower CORESETPoolIndex
· Alt2: a reference PDCCH candidate is earlier PDCCH candidate
Proposal 4: 	Regarding SPS PDSCH cancelation by scheduled PDSCH, latter PDCCH candidate among the two linked PDCCH candidates in time domain is proposed as the reference PDCCH candidate. 

