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1. [bookmark: _Ref521334010]Introduction
Inter-band CA with unaligned frame boundary was introduced in Rel-16 as part of MR-DC and CA enhancements. The CRs for 38.211 and 38.214 were approved in [1] and [2]. Slot offset was introduced in cross-carrier scheduling and triggering based on RAN1 agreement in 38.214. 
In this contribution, we analyse the impact on Type-1 HARQ-ACK codebook for inter-band CA with unaligned frame boundary and a corresponding text proposal is provided.
2. Discussion
In 9.1.2.1 in TS38.213, pseudo code is provided for Type-1 HARQ-ACK codebook generation as copied below. The equations highlighted in yellow assume aligned frame boundary for CA case.
	Set  - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set 
Set 
Set  to the cardinality of set 
Set k =0 – index of slot timing values , in descending order of the slot timing values, in set  for serving cell 
while  
if  
Set  – index of a DL slot within an UL slot
while  
Set  to the set of rows
Set  to the cardinality of 
Set  – index of row in set 
if slot  starts at a same time as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
; 
else 
while 
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row  is configured as UL where  is the k-th slot timing value in set , 
;
else
; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and , 
; 
;
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else 
Set  to the cardinality of 
Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 
while 
Set  
while 
if  for start OFDM symbol index  for row  
; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row 
;
;
else
; 
end if
end while

;
Set  to the smallest last OFDM symbol index among all rows of ;
end while
end if
;
end if
end while
end if
;
end while


Consequently, there would be misalignment for UL and DL slot(s) determination in case UL SCS configuration is larger than DL SCS configuration, BWP changes and in case TDD UL-DL configuration is semi-statically configured for inter-band CA with unaligned frame boundary. 
In case UL SCS configuration is larger than DL SCS configuration, i.e. , the pseudo code is executed only for the UL slots  where n=0, 1, …, according to the equation[image: ] which assumes aligned frame boundary. Assuming ,  and , the pseudo code is executed only for UL slots 0, 2, 4, …. in case of aligned frame boundary. However, if frame boundary is not aligned, a different set of UL slots is selected as shown in Figure 1 assuming slot offset=-1.
[image: ]
Figure 1: misalignment for UL slot determination for inter-band CA with unaligned frame boundary

For DL slot determination misalignment, taking TDD as an example, the issue is illustrated in Figure 2. 


Figure 2: Misalignment for DL slot determination for inter-band CA with unaligned frame boundary
Assuming K1=1 and pdsch-AggregationFactor=1, HARQ-ACK(s) for PDSCH transmission(s) in DL slot nD on SCell is transmitted in UL slot 0 on PCell, where nD (nD =0, 1, 2, 3) is the index of a DL slot within UL slot 9 of PCell. HARQ-ACK(s) for PDSCH transmission(s) in DL slot 36 to 39 on SCell 1 is transmitted in UL slot 0 on PCell while HARQ-ACK(s) for PDSCH transmission(s) in DL slot 0 to 3 on SCell 2 is transmitted in UL slot 0 on PCell.
[bookmark: _GoBack]According to the current pseudo code, for DL slot nD, UE would determine the number of HARQ-ACK bits and HARQ-ACK ordering based on TDD UL-DL configuration in slot  on both SCell 1 and SCell 2. Consequently, for SCell 2, UE would determine the number of HARQ-ACK bits and HARQ-ACK ordering for slot 0, 1, 2, 3 based on TDD UL-DL configuration in slot 36, 37, 38, 39 respectively.
To fix the issue, it is proposed to introduce slot offset in pseudo code for Type-1 HARQ-ACK codebook determination.
Proposal 1: introduce slot offset in pseudo code for Type-1 HARQ-ACK codebook determination.
A text proposal is provided below following the similar approach for cross-carrier scheduling/triggering in 38.214.
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407]-------------------------------------------------- Start of text proposal ------------------------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel





For a serving cell , an active DL BWP, and an active UL BWP, as described in Subclause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:

a)	on a set of slot timing values  associated with the active UL BWP


a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0


[bookmark: _Hlk508697304]b)	If the UE is configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is provided by dl-DataToUL-ACK for DCI format 1_1


b)	on a set of row indexes  of a table that is provided either by a first set of row indexes of a table that is provided by pdsch-TimeDomainAllocationList in pdsch-ConfigCommon or by Default PDSCH time domain resource allocation A [6, TS 38.214], or by the union of the first set of row indexes and a second set of row indexes, if provided by pdsch-TimeDomainAllocationList in pdsch-Config, associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]



c)	on the ratio  between the downlink SCS configuration  and the uplink SCS configuration  provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL BWP, respectively
d)	if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in Subclause 11.1.
e)  if provided, on slot offset  and  in CA-slot-offset for DL and UL serving cell respectively and μoffset, DL and μoffset, UL as described in [4, 38.211] for DL and UL serving cell respectively


For the set of slot timing values , the UE determines a set of  occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH reception.
Set  - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set 
Set 
Set  to the cardinality of set 
Set k =0 – index of slot timing values , in descending order of the slot timing values, in set  for serving cell 
while  
if  
Set  – index of a DL slot within an UL slot
while  
Set  to the set of rows
Set  to the cardinality of 
Set  – index of row in set 
if slot  starts at a same time as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
; 
else 
while 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row  is configured as UL where  is the k-th slot timing value in set , 
;
else
; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and , 
; 
;
The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else 
Set  to the cardinality of 
Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 
while 
Set  
while 
if  for start OFDM symbol index  for row  
; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row 
;
;
else
; 
end if
end while

;
Set  to the smallest last OFDM symbol index among all rows of ;
end while
end if
;
end if
end while
end if
;
end while
----------------------------------------------------- End of text proposal ------------------------------------------------------

Proposal 2: adopt the above text proposal for Type-1 HARQ-ACK codebook in 38.213.

3. Conclusion
In this contribution, we analysed the issue for Type-1 HARQ-ACK codebook for inter-band CA with unaligned frame boundary. A text proposal is proposed to fix the issue.
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