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[bookmark: _Ref521334010]Introduction
For Type-2 HARQ-ACK codebook, the ordering of C-DAI in multiple DCIs of one PDCCH monitoring occasion is not clear in case of cross-carrier scheduling, or if the multiple DCIs include the DCI scheduling PDSCH, indicating SCell dormancy without scheduling PDSCH and indicating SPS PDSCH release. In this contribution, we discuss and clarify C-DAI ordering.
Discussion
C-DAI ordering for cross-carrier scheduling
For C-DAI ordering, the following is defined in section 9.1.3.1 of TS38.213 v15.14
	

A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index , where . 


For cross-carrier scheduling, it is not clear whether the serving cell for C-DAI ordering is the scheduling cell or the scheduled cell. As an example shown in Figure 1, three component carriers are aggregated. CC0 is configured to schedule CC2. 


[bookmark: _Ref101371451]Figure 1: C-DAI ordering for cross-carrier scheduling
For the C-DAI ordering in the same MO, there are the following two understandings.
· Understanding 1: the ordering of C-DAI is based on the cell index of the scheduled cell;
· Understanding 2: the ordering of C-DAI is based on the cell index of the scheduling cell.
Based on understanding 1, the ordering of C-DAI in the three DCIs is {C-DAI of DCI-1, C-DAI of DCI-3, C-DAI of DCI-2}. With understanding 2, C-DAI ordering for multiple scheduling DCIs in the same MO on the same scheduling cell used for scheduling different cells is still undefined. Additional C-DAI ordering rule needs to be defined, e.g. based on the cell index of the scheduled cell. With this assumption, the ordering of C-DAI in the three DCIs is {C-DAI of DCI-1, C-DAI of DCI-2, C-DAI of DCI-3}.
Given that understanding 2 is not complete based on current specification, we propose to clarify that understanding 1 is the correct understanding.
Proposal 1: Clarify that the ordering of C-DAI in the same MO is based on the cell index of the scheduled cell.
C-DAI ordering for DCI indicating SPS release and indicating SCell dormancy without scheduling PDSCH
Multiple unicast DCIs scheduling DL for a same scheduled CC in the same PDCCH monitoring occasion is supported.
For UEs supporting FG 3-5b (see Annex), two unicast DCIs scheduling DL in one PDCCH monitoring occasion are supported. For UEs supporting FG 18-5c (see Annex), which was introduced in Rel-16 in MR-DC/CA enhancement, up to 4 unicast DCIs scheduling for DL per scheduled CC in the same PDCCH monitoring occasion is supported for DL cross-carrier scheduling with different SCS.
The following conclusion was made in RAN1#96 for Rel-15 to avoid defining additional rules for C-DAI ordering for the same scheduled CC.
	Conclusion:
· In Rel-15, a UE is not expected to detect two (or more) DCI formats (same or different) in PDCCHs received with a same first symbol in a slot and scheduling PDSCH reception(s) or SPS PDSCH release on a same cell and indicating a same slot for corresponding HARQ-ACK transmission. 
· No CR is necessary


In Rel-16, the following was defined for C-DAI ordering in TS38.213 based on the starting time of PDSCH reception.
	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 . 



However, there is no PDSCH reception for DCI indicating SPS release. Therefore, when there are more than one DCI for one scheduled CC in one PDCCH monitoring occasion and one of the DCI is used for indicating SPS release, it is not clear how to order the C-DAI. Two cases are discussed as below:
· Case 1: 1-bit C-DAI
As shown in Figure 2, one DCI is transmitted on CC0 and two DCIs are transmitted on CC1 in one PDCCH monitoring occasion. For the two DCIs on CC1, one is for PDSCH scheduling, and the other is for SPS PDSCH release indication. It should be clarified how to order the C-DAI in the two DCIs. Otherwise, if UE missed the DCI on CC0, UE may consider DCI with C-DAI=0 is before the DCI with C-DAI=1 on CC1 and there is no DCI miss, which would cause wrong HARQ-ACK codebook.


[bookmark: _Ref101463165]Figure 2: C-DAI ordering for DCI indicating SPS release-Case 1
· Case 2: cross-carrier scheduling with different numerologies
As shown in Figure 3, SCS of scheduling CC0 and CC1 is 15kHz and SCS of scheduled CC2 is 60kHz. When there are three DCIs transmitted in CC1, and DCI with C-DAI=3 is used for indicating SPS PDSCH release, it is not clear how to order the C-DAI since there is no PDSCH reception for DCI with C-DAI=3. Assuming T-DAI=3, there are two possible understandings for UE as below, then gNB and UE may have different understanding on HARQ-ACK codebook.
· Understanding 1: C-DAI=3 is ordered after C-DAI=1 and C-DAI=2:
	Value of C-DAI
	C-DAI=1
	C-DAI=2
	C-DAI=3

	Corresponding transmission
	PDSCH-1
	PDSCH-2
	Release DCI


· Understanding 2: C-DAI=3 is ordered before C-DAI=1 and C-DAI=2:
	Value of C-DAI
	C-DAI=1
	C-DAI=2
	C-DAI=3
	C-DAI=4
	C-DAI=1
	C-DAI=2
	C-DAI=3

	Corresponding transmission
	missed
	missed
	Release DCI
	missed
	PDSCH-1
	PDSCH-2
	missed





[bookmark: _Ref101532262][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 3: C-DAI ordering for DCI indicating SPS release-Case 2
To resolve the issues discussed in case 1 and case 2, the order of C-DAI of DCI indicating SPS PDSCH release and C-DAI of DCI scheduling PDSCH in the same MO for the same scheduled CC should be defined. Assuming C-DAI for DCI indicating SPS PDSCH release is ordered after C-DAI for DCI scheduling PDSCH, the ordering of C-DAI in the three DCIs of Figure 3 is {C-DAI of DCI-1, C-DAI of DCI-2, C-DAI of DCI-3}. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2: C-DAI for DCI indicating SPS PDSCH release is ordered before or after C-DAI for DCI scheduling PDSCH when the DCIs are in the same MO for the same scheduled CC.
In addition, HARQ-ACK for DCI indicating SCell dormancy without scheduling PDSCH is supported in Rel-16, and how to order the C-DAI of DCI indicating SCell dormancy without scheduling PDSCH should be clarified. 
For a given CC, if it is indicated as dormancy, it is not expected to be scheduled with a PDSCH on the same CC. It is supported in Rel-16 that a single DCI could indicate SCell dormancy for multiple configured SCells. For simplicity, C-DAI of DCI indicating SCell dormancy without scheduling PDSCH can be ordered based on the smallest cell index of the SCell which is indicated as dormancy by the DCI
As the example shown in Figure 4, three DCIs are transmitted in CC0, and DCI-2 is used for indicating SCell dormancy, both CC1 and CC3 are indicated as dormancy. Then, the ordering of C-DAI in the three DCIs is {C-DAI of DCI-1, C-DAI of DCI-2, C-DAI of DCI-3}.


[bookmark: _Ref101543441]Figure 4: C-DAI ordering for DCI indicating SCell dormancy

Proposal 3: C-DAI of DCI indicating SCell dormancy without scheduling PDSCH is ordered based on the smallest cell index of the SCell which is indicated as dormancy by the DCI.
[bookmark: _GoBack]Conclusion
In this contribution, we discuss the C-DAI ordering and give the following proposals.
Proposal 1: Clarify that the ordering of C-DAI in the same MO is based on the cell index of the scheduled cell.
Proposal 2: C-DAI for DCI indicating SPS PDSCH release is ordered before or after C-DAI for DCI scheduling PDSCH when the DCIs are in the same MO for the same scheduled CC.
Proposal 3: C-DAI of DCI indicating SCell dormancy without scheduling PDSCH is ordered based on the smallest cell index of the SCell which is indicated as dormancy by the DCI.
Annex
FG 3-5b
	Feature group
	Compentents

	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.



FG 18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
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