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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN4 sent LS [1] to RAN2 on the Tx switching period for the low band combination, and RAN4 need to discuss the applied switch period for the case of A+B+C when it has different switch period of A+B+C+D and A+B+C+E. This paper will discuss the impacts and considerations, then give the possible way out.

	1 Overall description
Issue: Length of switching period for the fallback band combinations
From RAN4 UE implementation perspective, when UE support the two Tx switching band combinations of band A+B+C+D and band A+B+C+E, it is possible that UE has different switching periods for the same band pair, for example:
· For band A+B+C+D, A+B with period 35us, A+C with period 140us
· For band A+B+C+E, A+B with period 140us, A+C with period 35us

In this case, RAN4 asks RAN2 the following question:
· When the network configures band A+B+C, how to determine the switching period for band pair A+B and A+C from RAN2 signalling perspective?

RAN4 is still discussing the applied switch period for the case of A+B+C from RAN4 perspective, and RAN4 will keep RAN2 updated if any new progress.



2 Discussion
2.1 Background
Up to now the ambiguity of low order band combination capability issue only shown in the Tx switching feature. The switch period ambiguity comes from one of the potential implementation architectures as shown in figure 1. In this example, the Tx switch period of band pair A+B is different in high order band combinations A+B+C+D and A+B+C+E due to different PLL/RFFE mappings. And when gNB configure UE with A+B+C, the Tx switch period of band pair A+B for A+B+C is unclear. This leads to the discussion of how this switch period should be determined.
[image: ]
Figure 1 Same band pair with different switch period in different high order band combinations

In last meeting several solutions have been discussed which can be seen in below table. Basically, it can be grouped to NW indicate approach, UE report approach, and default switch period approach. And the main controversial part is whether the switch period should be decided by NW or decided by UE.

	Alt.1: 	Network configures if A+B+C was a fallback of A+B+C+D or A+B+C+E thus UE knows from which higher order combination the switching periods are inherited froorm 
Alt.2: 	Network configures the switching periods for band pair according to explicitly respecting the UE capability indication, i.e. either the [A+B:35us, B+C:140us] or [A+B:140us, B+C:35us].
Alt.3: 	UE additionally reports the switch period capability for A+B+C and override the switch period capability inherited from the parent band combination A+B+C+D or A+B+C+E.
Alt.4: 	UE additionally indicate network which switch period capability is applied, i.e. either the [A+B:35us, B+C:140us] or [A+B:140us, B+C:35us].
Alt.5: 	The maximum switch period capability is applied for each band pair between A+B+C+D and A+B+C+E.




2.2 RAN2 fallback rule
Fundamentally, the Tx switch period is UE architecture dependent and it relies on how the band combination is supported in RFIC and also the RFFE. Therefore, how much switch period a UE can support depends on UE itself. 

However, the tricky part is that in RAN2 some “fallback rule” has been defined to simplify the UE capability reporting as can be seen below table 1 reproduced from 38.331 and also paper [2]. And it was interpreted as this paragraph mandate UE to support all the high order band combination capabilities in low order band combination. 

Table 1 RAN2 UE capability reporting scheme
	TS 38.331, 5.6.1.4	Setting band combinations, feature set combinations and feature sets supported by the UE
The UE shall:
1> compile a list of "candidate band combinations" according to the filter criteria in capabilityRequestFilterCommon (if included),
 ….
1> for each band combination included in the list of "candidate band combinations":
….
2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of "candidate band combinations", and
2>	if this fallback band combination is generated by releasing at least one SCell or uplink configuration of SCell or SUL according to TS 38.306 [26]:
3>	remove the band combination from the list of "candidate band combinations";



From this grey highlighted part, it says the fallback band combination will be removed from the candidate band combination list when it has same capability of “another band combination”. It should be noticed that here it doesn’t say that “with same capability of all band combinations”. 

From the current wording, it means that as long as the capability of A+B+C is same as one high order band combination (e.g. A+B+C+D), the A+B+C band combination capability can be skipped from the capability reporting, i.e. removed from the candidate band combinations as shown in figure 2. 

Therefore, from this RAN2 descriptions it cannot lead to the conclusion that UE is mandated to support all the different high order band combinations’ configuration in a low order band combination. In our view, this is important for RAN4 to align the understanding here. 

Meanwhile, it should be noticed that the fallback band combination ambiguity issue only happens in the Tx switching feature up to now, and it can be considered as a corner case in general. For other features, the fallback description in RAN2 spec seems has no problem since the low order band combination capabilities are either same as high order band combinations or higher than it which makes NW doesn’t need to consider how the low order band combination capabilities are.

[image: ]
Figure 2 Low order band combination capability can be skipped when it is same as one of the high order band combinations capability

Observation 1:   Current RAN2 fallback band combination capability reporting rule is that when the fallback band combination has same capability of “another band combination” then it can be skipped which doesn’t require the low band combination capability to be same as all high order band combinations’ capabilities. 

Observation 2:   The fallback band combination ambiguity issue seems only happen in the Tx switching feature and it is more like a corner case. For other features, no such issue is observed up to now.

2.3 About different approaches
Below we will discuss the pros and cons of different approaches that have been touched in last RAN4 meeting.
2.1 
2.2 
2.3 
gNB indicate Tx switch period approach
1) gNB indicate the high order band combinations

This approach will have big impact on UE implementation if it mandates UE to support all the switch periods of high order band combinations.

To better understand the complexity, let’s assume the band combination A+B+C has several high order band combinations like A+B+C+D (/E/F/G/H/I….). And now UE want to support the band combination A+B+C, if mandate UE to support all the possible fallback paths from different high order band combinations, then UE has to prepare for the unknown gNB indication, and UE has to store all the possible implementation settings in the hardware as shown in table 2. This will be a big burden for UE to implement especially considering UE typically supports more than 1000 band combinations and the fallback band combinations will be much more.

If UE cannot bear such complexity then it has to report the same switch period for the high order band combinations to avoid this scenario, i.e. the worst case of all the high order band combinations. This will be an unfortunate result for some UE.

Table 2 UE capabilities and RF configurations for A+B+C if according to high order band combination
	
	A+B+C+D
	A+B+C+E
	A+B+C+F
	…

	UE capabilities and RF configuration choices for A+B+C
	RF configurations group 1
	RF configurations group 2
	RF configurations group 3
	…




2) gNB indicate the exact Tx switch period

In this approach the gNB indicate the switch period that UE will use in fallback band combination A+B+C according to the reported high order band combination A+B+C+D, A+B+C+E, ….

Comparing with UE indicate the high order band combinations, the variants of indicating switch period values will be smaller considering there only have three switch period values, i.e. 35us, 140us, 210us. This means UE will double or triple its implementation complexity as shown in table 3. And gNB need to compare the reported values in high order band combinations to find out which candidate value UE has reported.

Table 3 UE capabilities and RF configurations for A+B+C if according to switch period numbers
	
	35us
	140us
	210us

	UE capabilities and RF configuration choices for A+B+C
	RF configurations group 1
	RF configurations group 2
	RF configurations group 3




Observation 3:   In gNB indicate high order band combination/Tx switch period approach, UE needs to implement with many capability/configuration groups to prepare for the possible gNB indications which makes the UE implementation complexity is very high.


[bookmark: _Hlk149214778]For the above two approaches, one problem might happen is that the gNB indicated Tx switch period is inconsistency with the UE real capability in A+B+C. It can be illustrated in figure 3 below that UE can only support 140us in A+B+C but gNB indicate 35us to it, then this UE cannot complete the Tx switching. Some one may ask why the switch period here for A+B+C is larger than the A+B+C+D, this is because in UE implementation when deciding how the Tx chains/PLL/PA is mapping to a band combination there are many other things/features need to be considered instead of only the Tx switch period issue.
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Figure 3 gNB indication is inconsistent with UE real capability in A+B+C

Observation 4:   One problem might happen is the gNB indicated Tx switch period is smaller than UE real capability in A+B+C, which makes UE cannot complete the Tx switching considering the Tx switching period is just one of the factors in determining the RF configurations in UE design.

UE report fallback Tx switch period approach
[bookmark: _Hlk149221828][bookmark: _Hlk149221863]From UE implementation complexity point of view, UE indicate the Tx switch period of low order band combinations will be much easier and straight forward as shown in table 4. UE can indicate the supported fallback band combination switch period according to its implementation architecture which is the best performance.

Table 4 UE capabilities and RF configurations for A+B+C if according to UE implementation
	UE capabilities and RF configuration choices for A+B+C
	RF configurations group 1



In last meeting, it was commented that if UE report Tx switch period capability for low order band combination then the “fallback rule” in RAN2 will be violated which makes this approach is infeasible. However, as shown in table 1 and figure 2, this is something unclear, the A+B+C capability reporting can be skipped as long as it is same as one of the high order band combinations, it may also mean when A+B+C is different from other high order band combinations UE needs to report which capability is applied. This is something not crystal clear which may need some discussion in RAN2.

Considering this high order and low order different capability issue is new, and RAN2 doesn’t preclude UE to report a separate capability for low order band combinations. We suggest RAN4 to focus on the switch period issue from RF perspective rather than from logical aspects since there is no prohibition in RAN2 signalling.

Observation 5:   UE indicate Tx switch period of low order band combinations will be much easier with best performance and it doesn’t violate RAN2 fallback rule.

Default Tx switch period approach
[bookmark: _Hlk149222031]Default Tx switch period approach is also one of the simplest and no ambiguity approach. 

Besides, no matter gNB indication or UE reporting, both are optional features, when it is not supported by gNB or UE some default behaviour is needed to align the understanding between gNB and UE. The possible default value is 210us or the maximum value of reported Tx switch periods in high band combinations.

Observation 6:   No matter gNB indication or UE reporting, both are optional features, when these optional approaches are not supported by gNB or UE then some default behavior might be needed to align the understanding between gNB and UE.

2.4 Some way out
From UE implementation complexity point of view, the UE reporting approach is the straight forward approach which has best performance and is aligned with how UE implements A+B+C.

The pure gNB indication approach no matter indicate the high band combination A+B+C+D/E or indicate the switch period, both will double, triple or complex UE implementation even worse. This is not preferred. And even worse problem is the risk of gNB indicates the switch period inconsistent with UE capability which makes UE cannot complete Tx switching in such indicated switch period.

The default approach is not best but can solve this issue with no ambiguity and no complexity in UE or gNB which is acceptable.

To move forward below proposal is given with shared pain spirits:

Proposal 1:         UE is allowed not to support all the Tx switch period capabilities of high order band combinations in a low order band combination due to possible different implementation choices.

Proposal 2:         UE can indicate the applicable Tx switch period for the low order band combination to gNB.

For the case that UE doesn’t indicate the applicable Tx switch period of A+B+C to gNB, there are two approaches can be applied:
· Option 1: The largest Tx switch period (210us or the largest value among all the reported parent BCs) is applied;
· Option 2: The applicable Tx switch period is determined by gNB.

The Option 1 is the simplest way especially using 210us as the default value in this case. And there is no complexity issue from gNB scheduling though performance will be worst.

The Option 2 gives gNB scheduling freedom, but it depends on how many UEs can support such approach since it only applies to UE which support all the parent BCs. In our view, probably some UE can do it, but not all.

Observation 7:   Use 210us as the default value is simple though performance is worst. If default behavior is let gNB to decide Tx switch period, it can give gNB scheduling freedom but only applicable to UEs which support all the parent BCs.

Based on above considerations, our preference is to apply the largest Tx switch period (210us) as default, but if pain has to be shared we can live with gNB decide approach as long as UE can indicate its applicable Tx switch period to gNB. 

Proposal 3:         When UE doesn’t indicate the applicable Tx switch period to gNB, the applicable Tx switch period is determined by gNB.

3 Conclusions
In this paper the Tx switch period of low band combination is discussed with following observations and proposals.

Observation 1:   Current RAN2 fallback band combination capability reporting rule is that when the fallback band combination has same capability of “another band combination” then it can be skipped which doesn’t require the low band combination capability to be same as all high order band combinations’ capabilities. 

Observation 2:   The fallback band combination ambiguity issue seems only happen in the Tx switching feature and it is more like a corner case. For other features, no such issue is observed up to now.

Observation 3:   In gNB indicate high order band combination/Tx switch period approach, UE needs to implement with many capability/configuration groups to prepare for the possible gNB indications which makes the UE implementation complexity is very high.

Observation 4:   One problem might happen is the gNB indicated Tx switch period is smaller than UE real capability in A+B+C, which makes UE cannot complete the Tx switching considering the Tx switching period is just one of the factors in determining the RF configurations in UE design.

Observation 5:   UE indicate Tx switch period of low order band combinations will be much easier with best performance and it doesn’t violate RAN2 fallback rule.

Observation 6:   No matter gNB indication or UE reporting, both are optional features, when these optional approaches are not supported by gNB or UE then some default behavior might be needed to align the understanding between gNB and UE.

Proposal 1:         UE is allowed not to support all the Tx switch period capabilities of high order band combinations in a low order band combination due to possible different implementation choices.

Proposal 2:         UE can indicate the applicable Tx switch period for the low order band combination to gNB.
[bookmark: _GoBack]
Observation 7:   Use 210us as the default value is simple though performance is worst. If default behavior is let gNB to decide Tx switch period, it can give gNB scheduling freedom but only applicable to UEs which support all the parent BCs.

Proposal 3:         When UE doesn’t indicate the applicable Tx switch period to gNB, the applicable Tx switch period is determined by gNB.
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