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Introduction
[bookmark: _Hlk58595024]In RAN#97-e, WI has been further revised for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes enhancements for multi-carrier UL operation with UL Tx switching schemes as follows [1]:
Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed

In this contribution, we discuss different options for applying restrictions to UL Tx switching across 3 or 4 bands and provide our preferences. In addition, we also discuss the need to consider switching gap for PDSCH processing timeline when UL Tx switching is triggered for PUCCH carrying corresponding HARQ-ACK.
Discussion
Views on limitations for UL Tx switching mechanisms
In RAN1#110, following working assumption has been made related to UL Tx switching across 3 or 4 bands [2]:

Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded

Based on the above working assumption, it is quite like that we agree to Alt 1 as the switching mechanism for 3 or 4 bands which is essentially to allow dynamic UL Tx switching across any of the 3 or 4 bands. In our view, before taking the agreement on Alt 1, further restrictions/limitations need to be discussed to limit the impact on UE complexity in terms of RF and memory requirements across different bands.

In Rel-16/17 UL Tx switching across 2 bands, switching gap is introduced for UE to have additional time for RF tuning of the 2 UL Tx chains according to triggered dynamic switching. During the reported switching gap, no UL transmission is allowed on the configured bands. In [3], RAN4 has confirmed that from RF (tuning) perspective no additional switching gaps are needed for the switching cases across 3 or 4 bands in Rel-18 UL Tx switching. Basically, existing switching gap values from Rel-16/17 can be used. However, it is also clarified that aspects related to UE memory are handled in RAN1 and not considered by RAN4. In our view, to avoid an increase in the UE memory requirements for supporting switching cases across 3 or 4 bands, the baseline assumption should be that same memory requirements as for switching across 2 bands are considered. For the ease of discussion, two memory units are considered, where each memory unit is associated with RF and baseband information corresponding to 1 band. Based on this, in Rel-16/17, two bands association with two memory units is fixed (unless reconfigured by RRC). However, in Rel-18, due to 3 or 4 bands, a memory unit needs to be dynamically flushed and reloaded when a change in band is triggered by UL Tx switching. 

Proposal 1: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, the baseline assumption is that UE is not mandated/required to have increased memory requirements compared to Rel-16/17 switching across 2 bands
· Memory sharing is assumed for 3 or 4 bands (2 memory units shared across 3 or 4 bands)

With the baseline assumption of UE memory sharing for 3 or 4 bands, additional UE preparation/processing time would be needed to flush and reload the memory unit with RF and baseband information corresponding to new band when UL Tx switching is triggered. However, if there is same pair of bands after the UL Tx switching is triggered, then there is no impact compared to Rel-16/17. From this point of view, multiple options have been discussed in RAN1#110, as captured in the above working assumption. For the 4 options listed, essentially two broad categorizations can be done:
· Category 1: Limiting/precluding certain switching scenarios to limit the impact on UE complexity. Option 1, 2 and 4 belong to this category.
· Category 2: Allow additional UE preparation/processing time for some of the cases. Option 3 belongs to this category.

In our view, to fully leverage the gains from the enhanced UL Tx switching with 3 or 4 bands in Rel-18, limiting or precluding some of the switching cases for certain bands/band combinations is not desirable. Thus, in our view, category 1 based options should be considered with lower priority. On the other hand, category 2 based solution will allow essentially all the switching cases with 3 or 4 bands and if needed, UE could report additional timeline for the certain cases. In addition, the principle for determining the switching cases is quite straightforward and based on UE memory limitations. For the switching cases, where at least one of the two memory units is actively used for a band for UL transmission in the preceding state and the same memory unit needs to be reallocated to a different band for UL transmission in the succeeding state, then additional UE processing/preparation timeline can be reported. During this additional UE processing/preparation time, UE should not be expected to transmit UL on at least the participation bands (in preceding and succeeding state). Based on this understanding, UE should be allowed to report additional processing/preparation time for the following switching cases:
· Switching from State 1: 1Tx (band A) – 1TX (band B) to State 2: 1Tx (band C) – 1Tx (band D)
· Switching from State 1: 1Tx (band A) – 1TX (band B) to State 2: 2Tx (band C or band D) 
· Switching from State 1: 2Tx (band C or band D) to State 2: 1TX (band A) – 1Tx (band B) 

Proposal 2: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, limiting/removing certain switching cases for certain bands/band combinations should be avoided:
· Option 1, 2 and 4 from the WA should be considered with lower priority

Proposal 3: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, support additional preparation/processing time reporting by UE for the cases where at least one of the two memory units is actively used for a band for UL transmission in the preceding state and the same memory unit needs to be reallocated to a different band for UL transmission in the succeeding state:
· Case 1: Switching from State 1: 1Tx (band A) – 1Tx (band B) to State 2: 1Tx (band C) – 1Tx (band D)
· Case 2: Switching from State 1: 1Tx (band A) – 1Tx (band B) to State 2: 2Tx (band C or band D) 
· Case 3: Switching from State 1: 2Tx (band C or band D) to State 2: 1Tx (band A) – 1Tx (band B) 
 
Further restrictions can be considered is to limit the number of switching instances within a certain duration or alternatively support minimum duration between two consecutive switching cases. Such restriction could be considered at least for the new switching cases in Rel-18 compared to Rel-16/17. 

Proposal 4: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, RAN1 should consider further restriction in terms of minimum duration between two consecutive switching instances
· FFS whether such minimum duration is applied only to new switching cases in Rel-18

In RAN1#109-e, there has been discussion on extension of intra-band CA with UL Tx switching [4]. In Rel-17, it is allowed to have 1 band with up to 2 contiguous carriers. In Rel-18, if it is agreed to increase the bands to 3 or 4, then it needs to be agreed whether any further extension such as increasing the number of contiguous carriers within one band and/or increasing number of bands with multiple contiguous carriers is within the scope of Rel-18 or not. In our view, as there is no discussion on potential extension of intra-band CA in Rel-18’s WID, so no enhancement should be considered on this aspect. 

Proposal 5: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, RAN 1 should agree to support only up to 1 band with up to 2 contiguous carriers

Another aspect to consider is whether to support both the options for UL Tx switching for inter-band UL CA including switched UL and dual UL. Considering if proposed additional UE processing/preparation timeline support can be adopted, then both options can be supported. 

Proposal 6: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, support both options including switchedUL (option 1) and dual UL (option 2)

UL Tx switching gap for PUCCH with HARQ-ACK
In our companion contribution [5], we have discussed in detail about the issue that we have identified related to UL Tx switching for PUCCH with HARQ-ACK corresponding to the scheduled PDSCH in Rel-16. For Rel-18, similar issue will exist based on the switching gap values currently supported for UE reporting and no addition of switching gap to PDSCH processing timeline. 

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 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. 

[image: ]
(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 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
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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: When UL Tx switching is triggered for PUCCH carrying HARQ-ACK, the margin provided by the PDSCH symbols plus PDSCH processing timeline is not sufficient to perform the triggered switching 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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Based on above observation, it should be considered to apply switching gap to PDSCH processing timeline for Rel-18 UL Tx switching. 

Proposal 7: For supporting NR Rel-18 UL Tx switching, RAN1 should consider supporting switching gap to the PDSCH processing timeline
· FFS whether switching gap applied to only specific PDSCH scheduling scenarios
 
Conclusion
In this contribution, we have discussed our views on UL Tx switching enhancements for more than 2 bands and have provided following observations/proposals:
Proposal 1: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, the baseline assumption is that UE is not mandated/required to have increased memory requirements compared to Rel-16/17 switching across 2 bands
· Memory sharing is assumed for 3 or 4 bands (2 memory units shared across 3 or 4 bands)

Proposal 2: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, limiting/removing certain switching cases for certain bands/band combinations should be avoided:
· Option 1, 2 and 4 from the WA should be considered with lower priority

Proposal 3: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, support additional preparation/processing time reporting by UE for the cases where at least one of the two memory units is actively used for a band for UL transmission in the preceding state and the same memory unit needs to be reallocated to a different band for UL transmission in the succeeding state:
· Case 1: Switching from State 1: 1Tx (band A) – 1Tx (band B) to State 2: 1Tx (band C) – 1Tx (band D)
· Case 2: Switching from State 1: 1Tx (band A) – 1Tx (band B) to State 2: 2Tx (band C or band D) 
· Case 3: Switching from State 1: 2Tx (band C or band D) to State 2: 1Tx (band A) – 1Tx (band B) 
Proposal 4: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, RAN1 should consider further restriction in terms of minimum duration between two consecutive switching instances
· FFS whether such minimum duration is applied only to new switching cases in Rel-18

Proposal 5: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, RAN 1 should agree to support only up to 1 band with up to 2 contiguous carriers

Proposal 6: For supporting NR Rel-18 UL Tx switching across 3 or 4 bands, support both options including switchedUL (option 1) and dualUL(option 2)

Observation 1: When UL Tx switching is triggered for PUCCH carrying HARQ-ACK, the margin provided by the PDSCH symbols plus PDSCH processing timeline is not sufficient to perform the triggered switching 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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Proposal 7: For supporting NR Rel-18 UL Tx switching, RAN1 should consider supporting switching gap to the PDSCH processing timeline
· FFS whether switching gap applied to only specific PDSCH scheduling scenarios
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