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1. Introduction
In RAN4#107, the big CR[1] for Rel-18 Tx switching was agreed. 
In the contribution, we discuss the potential remaining issues on Rel-18 multi-carrier.
2. Discussion
2.1. The ambiguous switching period for band pair
Switching period is related to PLL operation, such as, PLL retuning and initializing TX chains with parameters loading when frequency is changed, and PLL branches without frequency changing. PLL retuning and parameter loading may cost relatively longer period, e.g., 140us. PLL branching without frequency changing costs shorter period, e.g., 35us.
In Rel-18 Tx switching among 3/4 bands, the UE may apply different Tx chains/ PLLs for a specific band/ band pair in different band combinations, resulting in various switching period values in {35, 140, 210}us for the band pair.
[bookmark: _Ref142489103][bookmark: _Ref142489108]Observation 1: Applying different PLLs to one specific band pair may result in various switching period for it. 
In the CR [2] to TS 38.331 on UE capability reporting for Rel-18 Tx switching agreed in RAN2#122, the granularity of UE reporting capability for switching period is per band pair per band combination. 
BandCombination-UplinkTxSwitch-v18xy ::= SEQUENCE {
    supportedBandPairListNR-v18xy                    SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v18xy   OPTIONAL,
    uplinkTxSwitchingMinimumSeparationTime-r18       ENUMERATED {n0us, n500us},
    uplinkTxSwitchingAdditionalPeriodDualUL-List-r18 SEQUENCE (SIZE (1..maxULTxSwitchingBetweenBandPairs)) OF UplinkTxSwitchingAdditionalPeriodDualUL-r18   OPTIONAL
}

ULTxSwitchingBandPair-v18xy ::=     SEQUENCE {
    uplinkTxSwitchingOptionForBandPair-r18       ENUMERATED {switchedUL, dualUL, both},
    uplinkTxSwitchingMaintainedUL-Trans-r18      BIT STRING (SIZE(1..maxSimultaneousBands-2))         OPTIONAL,
    uplinkTxSwitchingPeriodForBandPair-r18       SEQUENCE {
          switchingPeriodFor2T-r18                ENUMERATED {n35us, n140us, n210us}               OPTIONAL,
          switchingPeriodFor1T-r18                ENUMERATED {n35us, n140us, n210us}
    }                                                                                              
}

According to rules in RAN2 specification, a UE would only report the support of the inter-band CA band combination with the largest number of bands among the ones with same capability. Meanwhile, the UE also supports the fallback combo(s) of the reported combo and the network can configures the fallbacks to the UE.
	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 the network (E-UTRA) included the eutra-nr-only field, or
2>	if the requested rat-Type is eutra:
3>	remove the NR-only band combination from the list of "candidate band combinations";
NOTE 4:	The (E-UTRA) network may request capabilities for nr but indicate with the eutra-nr-only flag that the UE shall not include any NR band combinations in the UE-NR-Capability. In this case the procedural text above removes all NR-only band combinations from the candidate list and thereby also avoids inclusion of corresponding feature set combinations and feature sets below.
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";


[bookmark: _Ref142489110]Observation 2: In Rel-18, the UE capability of switching period is reported per band pair per band combination.
[bookmark: _Ref142489111]Observation 3: In Rel-18, the UE does not report the support of one fallback band combination with the same capability of another band combination in the list of “candidate band combinations”.
If one band combination corresponds to two different parent band combinations reported by the UE, the network may configures the fallback one to the UE. However the switching period for one specific band pair reported in the two band combinations may differ. And then UE cannot tell the corresponding sw period value for the band pair in the configured fallback combo.
For instance as UE capability signaling illustrated in Figure 1, the UE reports to support band combination#1 A+B+C, and band combination#2 A+B+D. In A+B+C, the switching period for band pair A+B is 35us, and in A+B+D, the switching period for band pair A+B is 140us. If the network configures band combination A+B, as the fallback band combination of band combination#1 and band combination#2, to the UE. The UE may get confused which switching period should be applied to the band pair A+B, either 35us reported in band combination#1, or 140us reported in band combination#2. 
In this case, one simple solution would be setting a default switching period value or a default rule for the band pair with ambiguous sw period, such as, taking the band combination# with the longer value by default, 140us for the band pair A+B.
[image: ]
[bookmark: _Ref142470894]Figure 1 The UE reporting band combination#1and band combination#2 with common band pair A+B corresponding to different sw period respectively
[image: ] 
(a) Reference UE architectures for band combination#1: A+B+C
[image: ]
(b) Reference UE architectures for band combination#1: A+B+D
Figure 2 Reference UE architectures for band combination#1 and band combination#2with different switching period for band pair A+B
[bookmark: _Ref142489004][bookmark: _Ref142489113]Observation 4: A default switching period value or a default rule for the band pair with ambiguous switching period can be considered, such as, taking the band combination# with the longer value by default, 140us for the band pair A+B.
However, in another example with UE reporting 4-band combos, the situation would be more complicated. The UE reports to support band combination#3 A+B+C+D, and band combination#4 A+B+C+E. In band combination#3, the switching period for band pair A+B is 35us, and that for band pair A+C is 140us. 
[image: ]   [image: ]
(a) 35μs sw period for band pair A+B                 (b) 140μs sw period for band pair A+C
Figure 3 Reference UE architectures for band combination#3 A+B+C+D
In band combination#4, the switching period for band pair A+B is 140us, and that for band pair A+C is 35us. 
[image: ]   [image: ]
(b) 140μs sw period for band pair A+B                 (b) 35μs sw period for band pair A+C
Figure 4 Reference UE architectures for band combination#4 A+B+C+E
If the network configures band combination A+B+C, as the fallback of band combination#3 and band combination#4, to the UE. The UE may get confused which switching period should be applied to the band pair A+B and band pair A+C. In this case, the default rule, to take the longer sw period for one band pair, would not take effect. The longer sw period for band pair A+B leads to the shorter sw period for the band pair A+C. And which band pair to apply longer sw period further perplexed the UE.
[bookmark: _Ref142489114]Observation 5: The potential default rule in Observation 4 would not take effect when the capability of 4-band combo reported and 3-band combo configured. 
Thus a unified solution should be pursued to determine the sw period of one band pair, when the network configures a fallback band combination, of two parent band combinations corresponding to different sw period values respectively, for the band pair, to the UE. Possible solutions include
· Network indicates the index of the band combination in the UE capability list of "candidate band combinations" that the configured fallback combo corresponds to. And the UE would be crystal clear on the switching period valued used for the band pair A+B
· Network indicates the specific switching period value applied to the band pair with more than one candidate switching period. 
[bookmark: _Ref142489166]Proposal 1: A unified solution should be pursued to determine the switching period of one band pair, when the UE support more than one switching period for the band pair.
· Network indicates the band combination index corresponding to the configured fallback combo.
· Network indicates the switching period value applied to the band pair.
2.2. Issue on two Tx chains parallel switching across 4 bands
In RAN4#105, the baseline UE assumption was agreed for the ambiguity issue when two Tx chains are switched between two different band pairs.
	For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.


The reason to introduce the baseline UE assumption is that the network only schedules transmissions on switch-from bands and switched to bands, rather than indicating a Tx chain to switch in the exact band pair. 
However, it was proposed to solve the ambiguity issue of the exact switching band pairs for the concurrent switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}. The switching period resulting from the baseline assumption max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} is related to four band pairs. In this case, the UE performs switching only in two band pairs and it is possible to have a shorter switching period than the baseline value.  The UE cannot utilize the spare resource to transmit uplink channel/signal as baseline.
[bookmark: _Ref134561296]Observation 6: The switching period resulting from the baseline assumption max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} is related to four band pairs. The UE performs switching only in two band pairs and it is possible to have a shorter switching period than the baseline value.
In the last meeting, the WF [3] on Tx switching ambiguity issue was approved.
	· RAN4 maintains the baseline assumption in Issue 1-2-3 agreed in R4-2220546 during RAN4#105. 
· Neither of the two Tx chains is expected to be used for transmission during the switching periods in Rel-18
· Encourage companies to study the benefit to resolve the switching pattern ambiguity issue when 2 Tx chains are switched between two different band pairs for one Tx switching instance
· At least for single TAG
· FFS whether it applies to dual TAG


There are two possible switching cases in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}:
Case #1: A-> C, B -> D   period#1
Case #2: A-> D, B -> C   period#2
If period#1, as the switching period of case#1, is longer than period#2, period #1 is the baseline max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. In Rel-18, the set of switching period value is {35μs, 140μs, 210μs}. The largest difference between period#2 and period #1 is up to 175μs, which is equivalent to 5 OFDM symbols for 30kHz subcarrier spacing as shown in Figure 5.
Therefore, there could be 35.7% more uplink resource than the baseline assumption in one slot that can be used if the UE can perform Tx switching with the two band pairs corresponding to shorter switching period.
[image: ] [image: ]
(a) Case #1: A-> C, B -> D   period#1                 (b) Case #2: A-> D, B -> C   period#2
[bookmark: _Ref134557382]Figure 5 illustration of two possible switching cases in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}
If the UE is able to perform Tx switching with the band pairs A->D, B->C as Case#2 in Figure 5(b) that is corresponded to shorter switching period, the UE could utilize the symbol#8~ symbol#12 to transmit uplink signal/channels compared to Case#1.
[bookmark: _Ref134561309]Observation 7: If the UE is able to perform Tx switching with the band pairs that are corresponded to shorter switching period, the UE could utilize more resources to transmit uplink signal/channels compared to baseline.
During the discussion of Rel-18 Tx switching, we have introduced and have been trying to introduce several optional/advanced UE capability based on UE implementation to get better performance.
	RAN4#105
Way forward:
· For the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.


 
	RAN4#106bis
· Further discuss the following options in the next meeting
· Option 1: For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T}), introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1).
· Tswitch_1 and Tswitch_2 are the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2.
· Option 1a: apply the same UE capability for this scenario and for the following scenario agreed in the previous meetings. (MTK, China Telecom, ZTE)
· Option 2: Not introduce advanced optional UE ability


[bookmark: _Ref134561311]Observation 8: Rel-18 Tx switching introduces optional/advanced UE capability based on UE implementation to get better performance
If the UE is advanced enough and able to choose the pair of band pairs with shorter switching period, as an optional UE capability, the UE can report min{max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} for the two pairs of band pair as the switching period for {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}.
[bookmark: _Ref134561327]Proposal 2: For the parallel switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, in addition to the baseline UE assumption agreed in RAN4 #105, introduce optional UE capability with the switching period min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}.
3. Conclusions
This contribution presents the following observations and proposals:
Observation 1: Applying different PLLs to one specific band pair may result in various switching period for it.
Observation 2: In Rel-18, the UE capability of switching period is reported per band pair per band combination.
Observation 3: In Rel-18, the UE does not report the support of one fallback band combination with the same capability of another band combination in the list of “candidate band combinations”.
Observation 4: A default switching period value or a default rule for the band pair with ambiguous switching period can be considered, such as, taking the band combination# with the longer value by default, 140us for the band pair A+B.
Observation 5: The potential default rule in Observation 4 would not take effect when the capability of 4-band combo reported and 3-band combo configured. 
Observation 6: The switching period resulting from the baseline assumption max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} is related to four band pairs. The UE performs switching only in two band pairs and it is possible to have a shorter switching period than the baseline value.
Observation 7: If the UE is able to perform Tx switching with the band pairs that are corresponded to shorter switching period, the UE could utilize more resources to transmit uplink signal/channels compared to baseline.
Observation 8: Rel-18 Tx switching introduces optional/advanced UE capability based on UE implementation to get better performance
 
Proposal 1: A unified solution should be pursued to determine the switching period of one band pair, when the UE support more than one switching period for the band pair.
· Network indicates the band combination index corresponding to the configured fallback combo.
· Network indicates the switching period value applied to the band pair.
[bookmark: _GoBack]
Proposal 2: For the parallel switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, in addition to the baseline UE assumption agreed in RAN4 #105, introduce optional UE capability with the switching period min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}.
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