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Introduction
In RAN#94-e, the WI “Multi-carrier enhancements for NR” has been agreed [1] and the latest version is in [2]. 
RAN4 received an LS [1] from RAN1 regarding the complexity / switching period when extends the switching behaviour to 3 or 4 bands, and also ask whether certain baseline behaviour is reasonable as following:
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. 
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
Considering the other background information in the LS, these questions already started to cover the key RAN4 issues in this WI, thus the discussion of the LS can be considered together with general discussions with RF requirements. 
Discussion
Background
RAN1 has been study the UL Tx switching for a while, and the key observations and agreements have been included in the LS. Though RAN1 has been discussed more contents than the questions in the LS, such as different alternatives down selection as following:
Agreement 
· Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded
Actually, these alternatives are closely related to the questions sent to RAN4. For example, switching period is one of the key factors that may have negative impact on the performance. If this period has significant degradation, it is expected that the further restriction may be needed. In another word, RAN4 can focus on RAN1 question on the current stage. 
Still, if some other similar RF related limiting factors can be identified and agreed, it can also be sent to RAN1.
Feasibility of 2 bands -> 3 or 4 bands
Even without detailed analysis, it can be expected that UE implementation would be more complicated when introduced more bands for switching, and this may involve both RF and some baseband. 
There are always compromises need between flexibility/performance and complexity, just like RAN1’s different scheme alternatives. Since it can be expected that the implementation is diverse, maybe leaving more room for flexibility would be more future proof, as long as there is reasonable complexity expectation. Restrict a band pair that can be used in switching (Alt. 2) or designate an anchor band as a mandatory (Alt. 3) of course would simplify the implementation, but careful analysis would be needed, since this would set up the baseline behaviour for this release.
Observation 1: Careful analysis is needed in case restriction would be applied such as Alt.2/3 in RAN4 selection.

Switching period re-evaluation?
Switching period is highly depended on implementation, depending on to what degree the RF chains were shared and some other factors. In Rel-16, a list of values were agreed for some most typical implementations {35us, 140 us, 210us}. 
With the introduction of more bands, depending on the alternatives, some longer period option(s) may be needed, and can be added to the list. It is also possible that those tentative values would also have an impact to the selection of the alternatives, which is also explained in RAN1’s LS.
Observation 2: Switching period is highly depended on implementation, and new options of longer period can be considered depending on different scheme alternatives.
Observation 3: Those numbers may also impact the feasibility of alternatives.

In addition, it should also be considered whether different requirements between bands are possible, since this has a considerable impact on the complexity of the requirements and verification.
Observation 4: Whether different requirements between different band pairs within the combination also need some consideration.

With past experience, it might be difficult for RAN4 to consolidated detailed numbers with respective assumptions in short notice, in this situation, we may reply to RAN1 a preliminary status.
Proposal 1: RAN4 can reply RAN1 some preliminary agreements if concrete numbers with different schemes are difficult to be agreed in short notice. 

Transmission restriction during switching period for all bands?
For the question of if this baseline is feasibility:
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
We think this is a straight forward extension based on Rel-16, and can be considered as a baseline. Of course, this may bring some performance degradation for multiple bands. If different cases were defined and implemented by UE, it would significantly raise the spec complexity possibly verification. In addition, used as the baseline does not preclude other possibilities in the future.
Proposal 2: RAN4 can consider the baseline as in the LS, this keeps the simplicity while do not preclude future extension possibilities.

Other requirements
For other requirements, such as switching period location, transient period signalling, interruption applicability, etc, it is expected that many of them can be reused, and this part can be postponed.

Conclusion
In this paper, some brief analysis was done for RAN1 LS for switching behaviour of 3 or 4 bands, and a list of observations and proposals are provided.
Observation 1: Careful analysis is needed in case restriction would be applied such as Alt.2/3 in RAN4 selection.
Observation 2: Switching period is highly depended on implementation, and new options of longer period can be considered depending on different scheme alternatives.
Observation 3: Those numbers may also impact the feasibility of alternatives.
Observation 4: Whether different requirements between different band pairs within the combination also need some consideration.

Proposal 1: RAN4 can reply RAN1 some preliminary agreements if concrete numbers with different schemes are difficult to be agreed in short notice. 
Proposal 2: RAN4 can consider the baseline as in the LS, this keeps the simplicity while do not preclude future extension possibilities.

[bookmark: _GoBack]A draft reply LS was attached.
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS on UL Tx switching across 3 or 4 bands in Rel-18.
Regarding the potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands, RAN4 thinks it is indeed more complex, and likely to involve longer switching period than what had been defined. However, this is highly depended on implementation, and currently RAN4 do not have agreements yet on whether new switching periods would be defined and the exact number if so. 
For the following assumption:
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
It is RAN4’s understanding that this is a more conservative way that can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.


2. Actions:
To RAN1:
ACTION: RAN4 respectfully asks RAN1 to take the above information into account.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #104-bis-e	10 - 16 Oct. 2022        E-meeting
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