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[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In this contribution, some remaining issues on cross-carrier scheduling with different numerology will be discussed. 
Discussion 
In case when cross-carrier scheduling is configured between the cells with different numerology, specifically for the case where the SCS of scheduled cell is larger than that of scheduling cell, multiple DCIs within a same PMO or PMOs with the same starting time would be allowed for scheduling multiple slots of a higher SCS PDSCH. Then two issues about multiple DCIs within a same PMO or PMOs with the same starting time pointed out before would be discussed again.
· Issue 1: how dynamic HARQ-ACK codebook is generated if multiple DCIs within a same PMO or different PMO with the same starting time schedule multiple PDSCHs and indicate to feedback HARQ-ACK at the same slot if same PUCCH resource is indicated, as shown in Figure 1;
· Issue 2: how PUCCH resource is determined if multiple DCIs within a same PMO or different PMO with the same starting time schedule multiple PDSCHs and indicate to feedback HARQ-ACK at the same slot and different PUCCH resources are indicated by PUCCH resource indicator in these DCIs, as shown in Figure 2; This issue still exists if dynamic HARQ-ACK codebook is not configured.

HARQ dynamic codebook generation
Dynamic HARQ-ACK codebook generation is related to counter DAI value which is based on the ordering of PMO. And the ordering of PMO (i.e. PMO index) is based only on starting time of search space. For simplicity, the starting time of search space determining the PMO can be regarded as the starting time of PMO. The related descriptions in current specification are given below: 
PMO determination:
 “A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot.” 
PMO index:

“The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.” 
Counter DAI determination:


 “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 . ”

[image: ]
[bookmark: _Ref19630803]Figure 1 Dynamic HARQ-ACK codebook determination for multiple DCIs within PMOs at the same starting time
For example shown in Figure 1, when two DCIs are included in PMOs with the same starting time and indicate HARQ-ACK for two PDSCHs in the same PUCCH slot, there is ambiguity on PMO index which is used to derive counter DCI for UE generating HARQ-ACK bits for these two PDSCHs. 
Some options can be considered to resolve this: 
· Option 1-1: Further information except starting time to determine PMO index (i.e. the ordering of multiple DCIs).
· Option 1-2: Counter DAI in the case of multiple DCIs within PMOs at the same starting time is derived by network implementation and is used to order HARQ-ACK codebook bits for different PDSCHs.
For Option 1-1, PDCCH CCE index can be used to identify different DCIs within a same PMO or PMOs with the same staring time. For Option 1-2, counter DAI may be used but its generation has different criteria in the case of data scheduling.  Counter DAI determination rule in current specification is used when only one DCI within PMO with different starting time but counter DAI is derived by network implementation when multiple DCIs within a same PMO or PMOs with the same staring time.

PUCCH resource determination
Furthermore, PMO index is also used to find last DCI for PUCCH determination. Based on current specification, HARQ-ACK PUCCH resource for multiple DCIs is determined by the PUCCH resource indication field of the “last DCI”, as given in TS 38.213 subclause 9.2.3:
“…detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes…”
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[bookmark: _Ref19629061]Figure 2 PUCCH resource determination for multiple DCIs within PMOs at the same start time
There is ambiguity on PMO index to determine the “last DCI” indicating the PUCCH resource if multiple DCIs are included in PMOs with the same starting time. 
Some options can also be considered to resolve this: 
· Option 2-1: further information except starting time to determine PMO index (i.e. the ordering of multiple DCIs).
· Option 2-2: the network shall indicate the same value for PUCCH resource indicator field of each DCI in the case of multiple DCIs within PMOs at the same starting time, such that UE can use either DCI to determine the PUCCH resource without difference.
For Option 2-1, same solution as dynamic HARQ-ACK codebook issue (Option 1-1) can be used. The solution of counter DAI (Option 1-2) cannot be used since counter DAI does not exists in DCI format 1_1 if dynamic HARQ-ACK codebook is not configured.

Given the analysis above, to have a simple common solution for the two issues, the following proposals are given:
Proposal 1: CCE index is introduced to further determine the Type-2 HARQ-ACK codebook and PUCCH resource.
Proposal 2: Adopt the TP1 and TP2 in the appendix.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: CCE index is introduced to further determine the Type-2 HARQ-ACK codebook and PUCCH resource.
Proposal 2: Adopt the TP1 and TP2 in the appendix.

Appendix A. Test proposal for HARQ dynamic codebook generation in TS38.213
--------------------------------------- Start of Text Proposal 1 --------------------------------------------
< Unchanged parts are omitted >
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell [image: ], as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot [image: ] based on
-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot [image: ] in response to PDSCH receptions or SPS PDSCH release
-	slot offsets [image: ] [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor, when provided.
The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are first indexed in an ascending order across serving cells indexes for a same start time of search space sets associated with DCI formats scheduling PDSCH receptions or SPS PDSCH release on the serving cells, and are then indexed in an ascending order of start times of the search space sets. For indexing within a serving cell for a same start time of search space sets, if 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 on an active DL BWP of a serving cell, and is provided ACKNACKFeedbackMode = JointFeedback for the active UL BWP, PDCCH monitoring occasions for the first CORESETs are indexed prior to PDCCH monitoring occasions for the second CORESETs. The cardinality of the set of PDCCH monitoring occasions defines a total number [image: ] of PDCCH monitoring occasions.
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) or SPS PDSCH release associated with the DCI formats 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[image: ], where[image: ], and last in ascending order of CCE index.
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal 1---------------------------------------

Appendix B. Test proposal for PUCCH resource determination in TS38.213
--------------------------------------- Start of Text Proposal 2 --------------------------------------------
< Unchanged parts are omitted >
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415]9.2.3	UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK, or dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, as defined in Table 9.2.3-1. 
For a SPS PDSCH reception ending in slot [image: ], the UE transmits the PUCCH in slot [image: ] where [image: ] is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. 
If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ] where [image: ] is provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2.
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot [image: ] or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: ], the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 
A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in Clause 11.1 and Clause 11.1.1. 
Table 9.2.3-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	Number of slots [image: ]

	1 bit
	2 bits
	3 bits
	

	'0'
	'00'
	'000'
	1st value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2  

	'1'
	'01'
	'001'
	2nd value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	'10'
	'010'
	3rd value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	'11'
	'011'
	4th value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	
	'100'
	5th value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	
	'101'
	6th value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	
	'110'
	7th value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2

	
	
	'111'
	8th value provided by dl-DataToUL-ACK or by dl-DataToUL-ACKForDCIFormat1_2



For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for [image: ] HARQ-ACK information bits, as described in Clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212], if present, in a last DCI format, among the DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes, and last indexed in an ascending order across CCE indexes. For indexing DCI formats within a serving cell for a same PDCCH monitoring occasion, if 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 on an active DL BWP of a serving cell, and with ACKNACKFeedbackMode = JointFeedback for the active UL BWP, detected DCI formats from PDCCH receptions in the first CORESETs are indexed prior to detected DCI formats from PDCCH receptions in the second CORESETs.
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal 2---------------------------------------
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