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1. Introduction
In this contribution, we discuss NR Rel-16 maintenance issue for UL Tx switching that was introduced under the work item on NR_RF_FR1.

We have identified a critical issue when UL Tx switching is triggered for PUCCH with HARQ-ACK. In Rel-16, it was agreed that no additional time is applied to the PDSCH processing timeline due to UL Tx switching triggered for the PUCCH carrying HARQ-ACK i.e., no switching gap is added to , unlike  for PUSCH preparation, where the switching gap is added. However, with no switching gap or no additional processing/preparation time added to , we have identified that there is not sufficient margin for the UE to perform UL Tx switching in certain scenarios. We discuss this issue in detail in the next section and consider potential solutions to resolve the issue. 

2. Discussion
In RAN1#101bis, it was discussed under Issue#2 in [1], whether additional time is needed for PUCCH transmission due to HARQ-ACK with UL Tx switching. The question and response from the companies from are copied below. 
· Q3: Whether additional time is needed for PUCCH transmission due to HARQ-ACK?
	Companies
	Comments

	Qualcomm
	 should be increased the same way as Tproc,2 under Issue #1. 
For all other cases listed, the minimum time should be max(Tproc,2 , ‘minimum preparation time in Rel-15’), where Tproc,2 is extended as described under Issue #1. 

	Nokia
	The additional preparation time is not needed anywhere.

	MediaTek
	Q1: Yes, the same as Tproc, 2 
Q2/Q3/Q4: Yes, increase by Tswitch and then rounding to next symbol

	Huawei, HiSilicon
	Q1: Yes, the same as Tproc, 2 because as explained in [17], T_proc,2^mux’s equation has a similar form of T_proc,2 and a similar reason to be enlarged.
Q4: Yes, increased by Tswitch as treated to PUSCH
Q2: either way is fine
Q3: Not needed because T_proc,1 is defined with starting from the end of symbols of PDSCH but before which a UE is able to be aware of switching by decoding PDCCH, i.e. the PDSCH symbols are kind of existing margin.



As discussed above, although a couple of companies did indicate that switching gap shall also be added to PUCCH preparation time or longer processing time should be considered, but eventually this was not agreed based on the response that “T_proc,1 is defined with starting from the end of symbols of PDSCH but before which a UE is able to be aware of switching by decoding PDCCH, i.e., the PDSCH symbols are kind of existing margin”. Although this is true for most of the scheduling scenarios, but we identified that the margin provided by PDSCH symbols and/or the gap between the scheduling DCI and the PDSCH is not always sufficient to allow for UL Tx switching gap for PUCCH carrying HARQ-ACK. Consequently, the switching may need to be performed during the PDSCH processing timeline. However, we also determined that the total available time for UE is not sufficient for PDSCH processing and applying UL Tx switching. 
We demonstrate the issue by comparing the timeline between PUSCH preparation time and PDSCH processing time. For the ease of comparison, we represent the timeline from the end of scheduling DCI to the start of PUCCH carrying HARQ-ACK with  and compare it with . The duration of  is determined by the:
· gap between scheduling DCI and the PDSCH and the scheduled duration of PDSCH
· based on TDRA for both PDSCH mapping type A and type B
· corresponding subcarrier spacing and , where  is defined according to the gap between scheduling DCI and PDSCH
We calculated  for both PDSCH mapping type A and type B with UE processing capability 1, as illustrated in Figure 1, and we concluded that for both the mapping types, the worst case i.e., the shortest duration for  is N1+4 symbols. Essentially, when the scheduling DCI and PDSCH are overlapping, then the issue is quite clear in terms of limited processing timeline. 
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(a) PDSCH Mapping Type A 
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(b) PDSCH Mapping Type B 

Figure 1: Illustration of worst-case PDSCH scheduling scenarios in terms of processing timeline
Then we further calculate the worst-case values of  for each of the N1 values corresponding to the subcarrier spacing values supported for FR1 and compare those with corresponding  values including switching gap values for all the three supported values including {35us, 140us, 210us). Table 1 below summarizes the comparison, and it can be observed that for the scenarios in red, the existing timeline is not sufficient to apply UL Tx switching for PUCCH carrying HARQ for some of the reported switching gap values. 

Table 1: Comparing the PUSCH timeline vs PDSCH timeline (including switching gap) for worst-case scenarios
	
	N1
	N1 + 4
(
	N2
	N2 + 
(

	
	
	
	
	35s
	140s
	210s

	0
	8
	12
	10
	11
	12
	13

	1
	10
	14
	12
	13
	16
	18

	2
	17
	21
	23
	25
	31
	35



Therefore, it is quite clear that the margin expected from PDSCH symbols and/or gap between scheduling DCI and PDSCH is not sufficient to accommodate the required switching gap as reported by UE. With current processing capability, it is not reasonable to assume that UE should be able to perform UL Tx switching triggered for PUCCH carrying HARQ-ACK in all the scheduling scenarios and all capabilities, as currently supported in NR. 
Observation 1: For Rel-16 UL Tx switching, the margin provided by the PDSCH symbols plus PDSCH processing timeline is not sufficient to perform UL Tx switching triggered for PUCCH carrying HARQ-ACK for the scenarios when (also shown in Table):
· the scheduling DCI and corresponding PDSCH are overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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Furthermore, another issue we identify is when DL interruption is reported by UE for the band combination that are applied for corresponding DL and UL. In this case, UE should not be expected to perform switching on any of the DL symbols, otherwise the DL transmission will be interrupted. Therefore, the margin expected from PDSCH symbols in this case is not usable to perform any switching and the UL Tx switching will not be accommodated within the PDSCH processing timeline. This is not desirable for UE implementation considering the existing UE processing capability.
Observation 2: For Rel-16 UL Tx switching, if DL interruption is reported for the same bands on which UL Tx switching for PUCCH is triggered and corresponding PDSCH is transmitted, then no DL symbols can be used as a margin to account for the switching gap
Based on above observations, it is factually correct to determine that the current specification is not able to handle all the supported PDSCH scheduling scenarios when UL Tx switching is triggered for PUCCH carrying HARQ (triggered by DCI scheduling corresponding PDSCH). 

Observation 3: Current specification is not able to handle all the supported PDSCH scheduling scenarios, when UL Tx switching is triggered for PUCCH carrying HARQ-ACK (triggered by DCI that schedules corresponding PDSCH)
· It is assumed same switching gap value (as reported by UE) is needed regardless of whether it is applied for PUSCH or PUCCH

Considering the above issues, it is apparent that it needs to be discussed on how to solve this specification issue in RAN1. 

Proposal 1: RAN1 should discuss and identify solution(s) to resolve the issue when existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply the UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK

In terms of solution, both the specification impact and implementation complexity should be considered. From this point of view, two directions can be considered:
· One direction could be to update the PDSCH processing timeline to accommodate the reported switching gap values by UE
· at least for the PDSCH scheduling cases when the existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK
· Other direction could be to preclude the PDSCH scheduling cases when existing margin from PDSCH symbols combined with PDSCH processing timeline is not going to be sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK

Proposal 2: RAN1 can consider following possibilities to resolve the issue for UL Tx switching triggered for PUCCH carrying HARQ-ACK:
· update the PDSCH processing timeline to accommodate the reported switching gap values by UE
· at least for the PDSCH scheduling cases when the existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK
· preclude the PDSCH scheduling cases when existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK

Furthermore, if any of the solution is adopted to update the specification support for UL Tx switching for PUCCH carrying HARQ-ACK, introducing new UE capability should be considered to avoid non-backward compatibility issues.
Proposal 3: RAN1 should consider introducing new UE capability to avoid NBC issues if any of the solution is adopted to update the specification support for UL Tx switching for PUCCH carrying HARQ-ACK
3. Conclusions
In this contribution, we have discussed the identified issues related to PDSCH processing timeline when UL Tx switching is triggered for corresponding PUCCH with HARQ and provided solutions to resolve the issues. We have provided following observations/proposal:

Observation 1: For Rel-16 UL Tx switching, the margin provided by the PDSCH symbols plus PDSCH processing timeline is not sufficient to perform UL Tx switching triggered for PUCCH carrying HARQ-ACK for the scenarios when (also shown in Table):
· the scheduling DCI and corresponding PDSCH are overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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Observation 2: For Rel-16 UL Tx switching, if DL interruption is reported for the same bands on which UL Tx switching for PUCCH is triggered and corresponding PDSCH is transmitted, then no DL symbols can be used as a margin to account for the switching gap

Observation 3: Current specification is not able to handle all the supported PDSCH scheduling scenarios, when UL Tx switching is triggered for PUCCH carrying HARQ-ACK (triggered by DCI that schedules corresponding PDSCH)
· It is assumed same switching gap value (as reported by UE) is needed regardless of whether it is applied for PUSCH or PUCCH

Proposal 1: RAN1 should discuss and identify solution(s) to resolve the issue when existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply the UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK

Proposal 2: RAN1 can consider following possibilities to resolve the issue for UL Tx switching triggered for PUCCH carrying HARQ-ACK:
· update the PDSCH processing timeline to accommodate the reported switching gap values by UE
· at least for the PDSCH scheduling cases when the existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK
· preclude the PDSCH scheduling cases when existing margin from PDSCH symbols combined with PDSCH processing timeline is not sufficient to apply UL Tx switching triggered for PUCCH carrying corresponding HARQ-ACK

Proposal 3: RAN1 should consider introducing new UE capability to avoid NBC issues if any of the solution is adopted to update the specification support for UL Tx switching for PUCCH carrying HARQ-ACK
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