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1 Introduction
This contribution discusses the correction proposed in [1] for Type-2 HARQ-ACK codebook in case of multiple DCI formats in a same PDCCH monitoring occasion (MO) that schedule respective multiple PDSCHs on a same serving cell. The correction in [1] is an update for a corresponding correction in the previous RAN1 meeting [2, 3, 4] which was discussed and summarized in [5].
2 Multiple DCIs per MO per CC and Type-2 HARQ-ACK impact
Rel-16 MR-DC WI introduced a UE feature “type2-HARQ-ACK-Codebook-r16” (FG 18-9) for support of Type-2 HARQ-ACK codebook in the case of more than one unicast DCI for DL scheduling on the same cell in a same MO.
	type2-HARQ-ACK-Codebook-r16
Indicates whether the UE supports Type 2 HARQ-ACK codebook when HARQ-ACK feedback in a codebook corresponds to more than one unicast DL DCI for same scheduled cell in a monitoring occasion of a scheduling cell using the PDSCH starting time in addition to the existing monitoring occasion and Cell index to order the HARQ-ACK feedback.
	UE
	No
	No
	No


[bookmark: _Hlk142646882]The UE feature FG 18-9 was introduced (mainly) in relation with another Rel-16 MR-DCI UE feature “crossCarrierSchedulingProcessing-DiffSCS-r16” (FG 18-5c) for UE processing of more than one unicast DCI in the same MO for DL scheduling on the same serving cell to accommodate the case of scheduling from lower-to-higher SCS (i.e., SCS of the scheduling cell smaller than SCS of the schedule cell). 
	[bookmark: _Hlk146679100]crossCarrierSchedulingProcessing-DiffSCS-r16
Indicates the UE cross carrier scheduling processing capability for DL carrier aggregation processing up to X unicast DCI scheduling for DL per scheduled CC. X is based on pair of (scheduling CC SCS, scheduled CC SCS) where a pair of (15,120), (15,60), (30,120) kHz SCS can have X = {1,2,4} while a pair of (15,30), (30,60), (60,120) kHz SCS can have X = {2}, and X applies per slot of scheduling CC.
	FS
	No
	N/A
	N/A


It is noted that several other UE features (such as FG 3-5b, FG 11-2, FG 22-8d) also include the UE support for processing more than one unicast DL DCI format in a slot. 
A UE behavior for FG 18-9 is captured in TS 38.213 v16.15.0 as follows:
Excerpt from TS 38.213 v16.15.0, Clause 9.1.3.1
Set  to the number of serving cells configured by higher layers for the UE
-	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 serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates type2-HARQ-ACK-Codebook, a serving cell is counted  times where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook

As discussed in [2]-[5], the last part of the specified UE behavior refers to an incorrect UE capability parameter, as FG 18-9 has no numerical value set – it only indicates the UE support for Type 2 HARQ-ACK codebook generation in case of such multiple DCI processing. The applicable UE capability, which provides a value set for the number of unicast DL DCIs that the UE can process in a slot / MO, is (at least) FG 18-5c that has a value set X = {1,2,4} or X = {2} depending on the SCS combination. 
However, for more compact specifications, the UE procedure can be expressed in terms of the actual number of PDSCHs that the UE receives by processing more than one unicast DCIs in a given MO for the same serving cell, without referring to the applicable UE feature(s).
Observation 1: It is preferred to express the UE behavior for FG 18-9 based on the actual number of PDSCHs that the UE receives by processing more than one unicast DCIs in a given MO for the same serving cell, without referring to the applicable UE feature(s), such as FG 18-5c.
Another issue with the existing specifications text is that the ordering of the HARQ-ACK bits corresponding to the multiple DCIs in the same MO is not captured. As indicated in the description of FG 18-9, the HARQ-ACK bits are ordered based on the PDSCH starting time in addition to the ordering based on the cell index and the monitoring occasion index. This is also aligned with the UE behavior for determining the counter DAI in case of FG 18-9 (copied below). 
For comparison, the corresponding ordering of HARQ-ACK bits for the case of multi-TRP (two coresetPoolIndex values) is captured in [TS 38.213 v16.15.0] as shown in the excerpt above, which is aligned with the corresponding ordering specified for the counter DAI, as shown in the excerpt below.
Excerpt from [TS 38.213 v16.15.0], Clause 9.1.3.1
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell dormancy indication 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. 

Observation 2: The ordering of HARQ-ACK bits corresponding to FG 18-9 is missing in the specifications TS 38.213, v16.15.0.
Therefore, the draft CR in [1] provides the following TP to fix the two above issues.
TP from [TS 38.213 v16.15.0], Clause 9.1.3.1
[bookmark: _Hlk146700246]Set  to the number of serving cells configured by higher layers for the UE
-	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 serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
[bookmark: _Hlk143006175]-	if the UE indicates type2-HARQ-ACK-Codebook and receives a number  of PDSCHs on a serving cell c that are scheduled by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion m, a the serving cell c is counted   times for PDCCH monitoring occasion m in increasing order of the PDSCH reception starting time where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook

[bookmark: _Hlk142646906]Proposal: Adopt the TP in [1] for correcting the UE behavior for FG 18-9:
· Fix the reference to the incorrect UE capability parameter;
· Capture the missing order for corresponding HARQ-ACK bits.

3 Conclusions
This contribution considered correction of the UE behavior specified in [TS 38.213 v16.15.0] for the impact, on Type-2 HARQ-ACK codebook (FG 18-9), of UE capability for processing more than one unicast DL DCIs in the same MO for a same cell, and provided the following observations and proposal.
[bookmark: _GoBack]Observation 1: It is preferred to express the UE behavior for FG 18-9 based on the actual number of PDSCHs that the UE receives by processing more than one unicast DCIs in a given MO for the same serving cell, without referring to the applicable UE feature(s), such as FG 18-5c.
Observation 2: The ordering of HARQ-ACK bits corresponding to FG 18-9 is missing in the specifications TS 38.213, v16.15.0.
Proposal: Adopt the TP in [1] for correcting the UE behavior for FG 18-9:
· Fix the reference to the incorrect UE capability parameter;
· Capture the missing order for corresponding HARQ-ACK bits.
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