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Introduction
[bookmark: OLE_LINK11]Several agreements about the HARQ-ACK transimission considering the UL/DL BWP switching were made in the previous RAN1 meetings [1][2][3].
	RAN1#91, Agreements:
· 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
RAN1#92, Agreements:
· 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 
RAN1#92BIS, Agreements:
· 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


In this paper, we find there seems some misalignment between the agreements and specification, and would like to clarify the common understanding on the HARQ-ACK transmision due to BWP switching. 
Discussion on type 2 HARQ-ACK codebook due to BWP switching 
Based on the discussion in the RAN1#94bis meeting[4], it seems a common understanding that all the HARQ-ACK for the PDSCH prior to UL BWP switching should be discarded for both semi-static and dynamic HARQ-ACK codebooks. This also aligns with the agreement shown above. In case of DL BWP switching, the common understanding is that only the HARQ-ACK before DL BWP switching  for the serving cell with DL BWP switching is discarded. 
However, based on the pseudo-code in current specification, it is correctly captured for semi-static codebook, while not for dynamic HARQ-ACK codebook. Because, when gNB is counting DAI for a PDSCH before BWP change, gNB may not know there is a BWP change later on. It means DL DAI is counted continuously regardless there is a BWP change or not. When constructing the HARQ-ACK codebook, the UE will know the occasion where BWP change happens and construct the codebook based on the pseudo-code. This will cause that the total DAI may contain some HARQ-ACK for PDSCH before BWP change, and some residual NACK may be added in the codebook based on the pseudo-code. An example is given in Figure 1. When executing the pseudo-code below, the first time satisfying the ‘else’ condition in the ‘while’ loop is the monitoring occasion m+2 in CC#0, i.e., with {counter DAI, total DAI} = {3,4}. Then, based on the pseudo-code, NACK will be added for the two residual PDSCHs on PDCCH monitoring occasion m+1. However, this is not aligned with the agreements.
[image: ]
Figure 1 An example for DAI counting for Type 2 HARQ-ACK codebook
	...

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



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  

if 


end if



if 


else 
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end if
...


 for any 


So, we would like to clarify which interpretation we should follow for Type 2 HARQ-ACK codebook construction due to BWP switching:
· Interpretation 1: Align with the agreements
· All HARQ-ACK for the PDSCH before UL BWP change should be discarded.
· The HARQ-ACK for the PDSCH before DL BWP change for the serving cell with DL BWP change is discarded. 
· Interpretation 2: Keep current specification as it is. 
· Some residual NACK for the PDSCH before UL BWP change could be transmitted for dynamic HARQ-ACK codebook.
· Some residual NACK for the PDSCH before DL BWP change for the serving cell without DL BWP change could be transmitted for dynamic HARQ-ACK codebook.
If we go with Interpretation 1, it aligns with the agreements and the Type 2 HARQ-ACK codebook construction will align with Type 1 HARQ-ACK codebook. One implementation way for Interpretation 1 is that gNB can always restart DAI counter and DAI total when BWP changes. Then, the UE will not add NACK for the PDSCH before BWP change. 
If Interpretation 2 is adopted, no need to change current spec. But Type 2 HARQ-ACK codebook construction will not align with Type 1 HARQ-ACK codebook, and it will send some invalid NACK which seems unnecessary and wasteful. 
Proposal 1: Clarify which interpretation RAN1 should follow for Type 2 HARQ-ACK codebook construction due to BWP switching:
· Interpretation 1: Align with the agreements
· All HARQ-ACK for the PDSCH before UL BWP change should be discarded.
· The HARQ-ACK for the PDSCH before DL BWP change for the serving cell with DL BWP change is discarded. 
· Interpretation 2: Keep current specification as it is. 
· Some residual NACK for the PDSCH before UL BWP change could be transmitted for dynamic HARQ-ACK codebook.
· Some residual NACK for the PDSCH before DL BWP change for the serving cell without DL BWP change could be transmitted for dynamic HARQ-ACK codebook.
Conclusion
According to the analysis given above, we have the following proposal:
Proposal 1: Clarify which interpretation RAN1 should follow for Type 2 HARQ-ACK codebook construction due to BWP switching:
· Interpretation 1: Align with the agreements
· All HARQ-ACK for the PDSCH before UL BWP change should be discarded.
· The HARQ-ACK for the PDSCH before DL BWP change for the serving cell with DL BWP change is discarded. 
· Interpretation 2: Keep current specification as it is. 
· Some residual NACK for the PDSCH before UL BWP change could be transmitted for dynamic HARQ-ACK codebook.
· Some residual NACK for the PDSCH before DL BWP change for the serving cell without DL BWP change could be transmitted for dynamic HARQ-ACK codebook.
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