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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Rel-17 MIMO enhancements have been finished, while there are some remaining issues. In this contribution, we provided our views on the remaining issue of monitoring occasion for individual PDCCH candidate overlapping with one of PDCCH repetitions.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In Rel-17, two PDCCH repetitions were introduced, and it was agreed that each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload, and for counter and total DAI counting, a reference PDCCH candidate of two PDCCH repetitions was introduced. And the reference PDCCH candidate for counter DAI / total DAI was achieved with introduction of a union of two PDCCH monitoring occasions, as captured in section 9 in TS 38.213.
	[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc106629430][bookmark: _Hlk89107146][bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc106629457][bookmark: _Ref491451763][bookmark: _Ref491466492][bookmark: _Toc11352101]9 UE procedure for reporting control information
In the remaining of this clause, when a PDCCH reception by a UE includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1
-	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
The PDCCH reception includes the two PDCCH candidates also when the UE is not required to monitor one of the two PDCCH candidates as described in clauses 10, 11.1, and 11.1.1.



Based on the union of PDCCH monitoring occasions of two PDCCH repetitions, counter DAI and total DAI with reference PDCCH candidate is well supported.
And it was agreed that one individual PDCCH candidate can overlap with one of the two PDCCH repetitions (same CCEs, DCI size, scrambling and CORESET). One of the target is to achieve more flexibility for scheduling, for example, network can break the linking for repetition, and transmit two single DCIs (one DCI in one of the two PDCCH repetitions and another DCI in the individual PDCCH candidate). While from UE perspective, UE is not aware of the detected DCI from which PDCCH candidate, so it was agreed that any DCI detected in any of the three PDCCH candidates should be interpreted with Rel.17 repetition rules.
And in spec, counter/total DAI value denotes the accumulated/total number of monitoring occasions up to current monitoring occasion. So the definition of counter/total DAI is related to PDCCH monitoring occasion, shown as follows:
	9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel
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 , where . 
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 value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. 
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  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.
Denote by  the number of bits for the counter DAI and set . Denote by  the value of the counter DAI in a DCI format scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH reception, on serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by  the value of the total DAI in a DCI format in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats that include a total DAI field in PDCCH monitoring occasion . A UE does not expect to multiplex, in a same Type-2 HARQ-ACK codebook, HARQ-ACK information that is in response to detection of DCI formats with different number of bits for the counter DAI field.



And in RAN1#110 meeting, we proposed to clarify the DAI value for individual PDCCH candidate overlapping with one of PDCCH repetitions, and it was common understanding of companies that the DAI value for the individual PDCCH should also be based on the first monitoring occasion, as shown in Figure 1, which is aligned with the agreement that “interpretation of detected DCI (in case of linked candidate overlaps with individual candidate) is based on Rel-17 repetition rule”, and we also share same view on the DAI value for the individual candidate.


Figure 1. counter/total DAI value and monitoring occasion for the individual PDCCH candidate
As shown in Figure 1, it’s common understanding that counter/total DAI for any one of the two PDCCH repetitions and the individual PDCCH candidate is actually based on the first monitoring occasion (or we can also say starting of the union of the two PDCCH monitoring occasions). 
And PDCCH monitoring occasion for the two PDCCH repetitions is updated/changed to be the union of the two PDCCH monitoring occasions, so the counter/total DAI definition and the PDCCH monitoring occasion is consistent for the two PDCCH repetitions.
For the individual PDCCH candidate, counter/total DAI should also be based on the first monitoring occasion (or we can also say starting of the union of the two PDCCH monitoring occasions), as the same interpretation rule is applied for the PDCCH repetitions and the individual PDCCH candidate, this is common understanding. But the monitoring occasion for the individual PDCCH candidate is not updated/changed to be the union of the two PDCCH monitoring occasions, in other words, the monitoring occasion for the individual PDCCH candidate is still the second monitoring occasion. Or in other words, counter/total DAI for two linked PDCCH candidates denotes accumulated/total occasions related to the union of two PDCCH monitoring occasions, but counter/total DAI for the individual PDCCH candidate denotes accumulated/total occasions related to the individual PDCCH monitoring occasion for the individual PDCCH candidate, how can a same rule of counter/total DAI for two linked PDCCH candidates and individual PDCCH candidate denote different monitoring occasions? 
Now that the DAI value for the individual PDCCH candidate follows same rule as the two PDCCH repetitions, why the monitoring occasion for the individual PDCCH candidate does not follow same rule as the two PDCCH repetitions (a union of the two PDCCH monitoring occasions)? It’s contract to only apply one part of same rule (DAI interpretation) for repetitions and individual candidate, but another part of different rules (PDCCH monitoring occasion) for the repetitions (union of PDCCH monitoring occasions) and the individual candidate (individual/second monitoring occasion), as shown in Table 1.
Table 1. Different PDCCH monitoring occasions for PDCCH repetitions and individual PDCCH candidate
	Counter/total DAI denotes accumulated/total number of monitoring occasions up to current monitoring occasion. Same rules (not only the DAI interpretation which has been captured in current spec, but also the PDCCH monitoring occasion) should be applied for two PDCCH repetitions and individual PDCCH candidate (which overlaps with one of the two PDCCH repetitions)

	Monitoring occasion for two PDCCH repetitions
	Monitoring occasion for individual PDCCH candidate

	A union of two PDCCH monitoring occasions
	Original/own individual PDCCH monitoring occasion (which is generated for the individual PDCCH candidate)

	Counter/total DAI for two PDCCH repetitions related to starting of the union of two PDCCH monitoring occasions is applied, actually the first monitoring occasion is applied as shown in Figure 1.
	Counter/total DAI for the individual PDCCH candidate related to the second monitoring occasion is applied, as shown in Figure 1.


 
One way to solve the issue is changing the counter/total DAI generation for the individual PDCCH candidate to be based on Rel.17 repetition rule, i.e. also applying the union of PDCCH monitoring occasions of the two PDCCH repetitions to the individual PDCCH candidate, a draft CR is also proposed in our companion contribution [1]. The draft CR is also copied as follows for convenience.
	In the remaining of this clause, when a PDCCH reception by a UE includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1, or when the PDCCH reception is for detection of a first DCI format, and there is a second PDCCH reception by the UE for detection of a second DCI format having a same size as the first DCI format includes a PDCCH candidate, and the PDCCH candidate and either one of the two PDCCH candidates included in the PDCCH reception have identical scrambling and use a same set of CCEs over same symbols in a slot in a CORESET,
-	a PDCCH monitoring occasion for the PDCCH reception or for the second PDCCH reception is the union of the PDCCH monitoring occasions for the two PDCCH candidates
-	the start of the PDCCH reception or the start of the second PDCCH reception is the start of the earlier PDCCH candidate
-	the end of the PDCCH reception or the end of the second PDCCH reception is the end of the PDCCH candidate that ends later



Proposal: The union PDCCH monitoring occasion of two PDCCH repetitions should also be applied to the individual PDCCH candidate which overlapping with one of the two PDCCH repetitions. 

3 Conclusion
In this contribution, we provided our views on the remaining issue of monitoring occasion for individual PDCCH candidate overlapping with one of PDCCH repetitions, and we propose:
Proposal: The union PDCCH monitoring occasion of two PDCCH repetitions should also be applied to the individual PDCCH candidate which overlapping with one of the two PDCCH repetitions. 
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