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1 Introduction
This contribution discusses the need for the draft CR [1] for HARQ-ACK information skipping in case of BWP switching, as well as the correction presented there. 
2 Discussion
The following were agreed during Rel-15 for HARQ-ACK skipping in case of DL/UL BWP switching:
	Agreements (RAN1#91)
· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum
Agreements (RAN1#92)
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 

Agreement (RAN1#92bis):
· For unpaired spectrum and DL/UL BWP switching 
· UE does not transmit HARQ-ACK for PDSCH reception(s) on the DL BWP prior to DL/UL BWP switching


The agreement in RAN1#91 introduced HARQ-ACK skipping in case of UL BWP switching, but only for paired spectrum. The agreement in RAN1#92 extended that behavior to DL BWP and to unpaired spectrum, while restricting to Type-1 HARQ-ACK codebook. The agreement in RAN1#92bis extended the agreement from RAN1#92 to Type-2 HARQ-ACK codebook for unpaired spectrum. The intention for the above agreements and for the HARQ-ACK skipping is for the UE to not have to construct a HARQ-ACK codebook that would include HARQ-ACK for PDSCH/PDCCH receptions both before and after DL/UL BWP switching. For the Type-1 HARQ-ACK codebook, a reason is that the set of applicable K1 values could be different before and after the DL/UL BWP switching, and the UE may/will not be able to account for the correct K1 value if the DL/UL BWP change was triggered after PDSCH was scheduled. References [2-4] provide some background on the progress of discussions in RAN1 during Rel-15 timeframe.
The RAN1#91 agreement was originally captured in TS 38.213 v15.0.0, and updated in v15.1.0 with the following text (which was eventually removed in v15.8.0, possibly due to being directly reflected in the HARQ-ACK pseudo-codes):
	Excerpt #0 from [TS 38.213 v15.1.0] – Clause 12

For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on a PUCCH resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell between a time of a detection of the DCI format 1_0 or the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH.




For Type-1 HARQ-ACK codebook (CB), the UE behavior (based on the RAN1#92 agreement) is captured in the corresponding pseudo-code as follows (for detailed definition of parameters, an extended excerpt is included in the Appendix):
	Excerpt #1 from [TS 38.213 v15.15.0] – Clause 9.1.2.1




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 
; 


For Type-2 HARQ-ACK CB, the UE behavior (based on the RAN1#91 and RAN1#92bis agreements) is captured in the corresponding pseudo-code as follows (with extended excerpt included in the Appendix):
	Excerpt #2 from [TS 38.213 v15.15.0] – Clause 9.1.2.2



if PDCCH monitoring occasion  is before an active DL BWP change on serving cell  or an active UL BWP change on the PCell and an active DL BWP change is not triggered by a DCI format 1_1 in PDCCH monitoring occasion  

; 



There are two issues with the implementation of agreements from RAN1#91 and RAN1#92bis in Excerpt #2 above.
1) The yellow-highlighted text, which captures the condition from the RAN1 agreements that the PUCCH transmission should be after the DL/UL BWP change, is included in Excerpt #1 for the Type-1 HARQ-ACK CB but is missing in Excerpt #2 for Type-2 HARQ-ACK CB. Based on the existing wording in Excerpt #2, the UE would need to skip the HARQ-ACK for a cell even if an associated PUCCH transmission was also before the DL/UL BWP change. The existing wording also could be interpreted to imply that the UE does not provide any HARQ-ACK information if the UE would have any DL/UL BWP switching in the future, which is obviously non-causal and impossible for the UE to know. Such UE behavior is meaningless, is not the intention of the agreements in RAN1#91 and RAN1#92bis, and is different from the original implementation of the RAN1#91 agreement as shown in Excerpt #0.
2) The blue-highlighted text refers to “an” active DL BWP change, which may be interpreted to imply a different DL BWP on the serving cell c, or even a DL BWP change on a serving cell other than serving cell c – which is not the intention and is against the agreement in RAN1#92bis (the “an” should be a “the”).
Proposal: Clarify the specifications for Type-2 HARQ-ACK codebook to capture the following regarding the UE behavior for HARQ-ACK skipping in case of DL/UL BWP switching based on the agreements from RAN1#91, RAN1#92, and RAN1#92bis:
· The PUCCH transmission that provides the HARQ-ACK information is after the DL/UL BWP change;
· The trigger condition is for the same DL/UL BWP change.
Adopt draft CR [1] to capture the above.

3 Conclusion
The draft CR [1] aims to capture the agreements from RAN1#91, RAN1#92 and RAN1#92bis to clarify HARQ-ACK skipping in case of BWP switching for Type-2 HARQ-ACK codebook. The proposed draft CR [1] is assumed to be common understanding and already implemented by the UEs and gNBs, and aims only at clarification of the specifications text. The following proposal is made.
Proposal: Clarify the specifications for Type-2 HARQ-ACK codebook to capture the following regarding the UE behavior for HARQ-ACK skipping in case of DL/UL BWP switching based on the agreements from RAN1#91, RAN1#92, and RAN1#92bis:
· The PUCCH transmission that provides the HARQ-ACK information is after the DL/UL BWP change;
· The trigger condition is for the same DL/UL BWP change.
Adopt draft CR [1] to capture the above.
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Appendix: extended excerpts
The extended excerpt of the existing specifications for HARQ-ACK skipping in case of BWP switching for Type-1 HARQ-ACK codebook is provided in the following:
	Excerpt from [TS 38.213 v15.15.0] 
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For a serving cell , an active DL BWP, and an active UL BWP, as described in Clause 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 Clause 11.1.


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 
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The extended excerpt of the existing specifications for HARQ-ACK skipping in case of BWP switching for Type-2 HARQ-ACK codebook is provided in the following:
	Excerpt from [TS 38.213 v15.15.0]
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A UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell , as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK information in slot  in response to PDSCH receptions or SPS PDSCH release

-	slot offsets  [6, TS 38.214] provided by time domain resource assignment field in DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions and by pdsch-AggregationFactor, when provided.

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.


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 . 

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total 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 PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 






Denote by  the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell  in PDCCH monitoring occasion  according to Table 9.1.3-1. Denote by  the value of the total DAI in DCI format 1_1 in PDCCH monitoring occasion  according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats 1_1 in PDCCH monitoring occasion .



If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the , for a total number of  HARQ-ACK information bits, according to the following pseudo-code:

Set  – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set 

Set 

Set 

Set 

Set  to the number of serving cells configured by higher layers for the UE

Set  to the number of PDCCH monitoring occasion(s)

while 

Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

while 



if PDCCH monitoring occasion  is before an active DL BWP change on serving cell  or an active UL BWP change on the PCell and an active DL BWP change is not triggered by a DCI format 1_1 in PDCCH monitoring occasion  

;
else



[bookmark: _Hlk162951857]if there is a PDSCH on serving cell  associated with PDCCH in PDCCH monitoring occasion , or there is a PDCCH indicating SPS PDSCH release on serving cell  
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