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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. 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.

In RAN1#110bis-e, we submitted a contribution [1] to bring forward the issue related to UL Tx switching triggered for PUCCH with HARQ-ACK by DCI scheduling the corresponding PDSCH. The issue was further discussed in RAN1#110bis-e and the summary of discussion has been captured in [2]. Based on the discussion in [2], we further discuss and provide our views on following aspects:
· Current specification issue to UL Tx switching triggered for PUCCH
· Considering the supported values of for different numerologies including  and additionally the supported values of  for different scheduling scenarios, whether  is sufficient or not to accommodate the specified switching gap values including 
· Solution to resolve the issue
· Whether additional gap and/or scheduling restriction should be introduced
· Whether the same solution can be adopted for both Rel-16 and Rel-17 UL Tx switching

2. Discussion
During Rel-16 discussion in RAN1#101bis, it was discussed under Issue#2 in [3], whether additional time is needed for PUCCH transmission due to HARQ-ACK with UL Tx switching. 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 as identified in [1], the margin provided by PDSCH symbols and 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. 
In [1], we demonstrated 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  symbols, where the value of  for PDSCH mapping type A case  for PDSCH mapping type B, as shown in the Figure. For PDSCH mapping type B, the gap from the end of DCI to the end of PDSCH is -1, therefore . 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 . 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: Calculating available timeline ( from the end of scheduling DCI to start of PUCCH including ,  and gap (if any) from the end of DCI to the end of PDSCH
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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/Rel-17 UL Tx switching, the duration from the end of the scheduling DCI to the start of PUCCH, for which the UL Tx switching is triggered (by the scheduling DCI), is not sufficient to perform UL Tx switching for all the scheduling cases, if uplink switching gap is reported by UE
· Total available duration from the end of DCI of the start of PUCCH is calculated for respective numerology  by taking into account the corresponding  value,  and the gap from the end of DCI to the end of PDSCH

Observation 2: For Rel-16/Rel-17 UL Tx switching, the issue (available timeline duration) is more pronounced for following cases (shown in the table):
· When the scheduling DCI and corresponding PDSCH are partially or fully overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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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: NR Rel-16/Rel-17 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. In terms of solution, following 2 options have been considered in [2]: 
· Option 1: If UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then  is added to the PDSCH processing timeline () and new UE capability is introduced
· Option 2: If UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of and 

From our point of view, both options help to resolve the issue in effectively the same way i.e., to allow sufficient duration for UE apply UL Tx switching, whenever switching gap is reported. With option 1, the only additional requirement would be to introduce a new UE capability to indicated whether switching gap is added to PDSCH processing timeline or not. However, with option 2, no such capability needs to be introduced and therefore, no NCB issue exists with option 2. Therefore, option 2 could be considered as a reasonable solution with minimum specification impact. 
Proposal 1: RAN can adopt following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK:
· if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of  and 
Based on proposal 1, TP is also provided for the impacted specification in section 5 Appendix. 
Furthermore, it needs to be discussed and agreed, if the same solution should be applied for both NR Rel-16 and Rel-17 UL Tx switching, or different solutions should be considered. From our point of view, since the issue is exactly same for both Rel-16 and Rel-17 and from technical point of view, both the options effectively solve the issue, therefore, same solution can be adopted for both NR Rel-16 and Rel-17 UL Tx switching.
Proposal 2: RAN can adopt same solution (in proposal 1) for both NR Rel-16 and Rel-17 UL Tx switching.
3. Conclusions
In this contribution, we further 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/proposals:

Observation 1: For Rel-16/Rel-17 UL Tx switching, the duration from the end of the scheduling DCI to the start of PUCCH, for which the UL Tx switching is triggered (by the scheduling DCI), is not sufficient to perform UL Tx switching for all the scheduling cases, if uplink switching gap is reported by UE
· Total available duration from the end of DCI of the start of PUCCH is calculated for respective numerology  by taking into account the corresponding  value,  and the gap from the end of DCI to the end of PDSCH
Observation 2: For Rel-16/Rel-17 UL Tx switching, the issue (available timeline duration) is more pronounced for following cases (shown in the table):
· When the scheduling DCI and corresponding PDSCH are partially or fully overlapping
· and/or reported switching gap value is higher
· and/or higher numerology is applied 
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Observation 3: NR Rel-16/Rel-17 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: RAN can adopt following solution to resolve UL Tx switching issues for PUCCH with HARQ-ACK:
· if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling DCI (for PDSCH) and switching gap () is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling DCI to the first symbol of the PUCCH with HARQ-ACK is equal or longer than the combined duration of  and 
Proposal 2: RAN can adopt same solution (in proposal 1) for both NR Rel-16 and Rel-17 UL Tx switching.
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5. Appendix - TP for the solution 
Based on the solution proposed in Proposal 1, adopt following TP to be added to clause 5.3 of TS 38.214

	* Unchanged part omitted *

· If this PUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the HARQ-ACK message is transmitted on PUCCH.
· If uplink switching gap is triggered following the procedure in clause 6.1.6, then UE is not expected to be scheduled on the first uplink symbol of the PUCCH which carries the HARQ-ACK information, if the first uplink symbol of the PUCCH starts earlier than the combined duration of { + } from the last symbol of the PDCCH scheduling the PDSCH, where is defined in clause 6.4

Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. The value of Tproc,1 is used both in the case of normal and extended cyclic prefix. 

For a PDSCH that consists of two PDSCH transmission occasions in time domain in one slot, d1,1 is calculated based on the first PDSCH transmission occasion in the slot, and as described above.

* Unchanged part omitted *



1

1
	
image1.emf



Scheduling 
DCI



PDSCH HARQ-
ACK



1 slot



t











image2.emf



Scheduling 
DCI



PDSCH HARQ-
ACK



t











