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1. Introduction
The work item on supporting Multi-carrier enhancements for NR was approved in RAN 94 meeting [1] and the scope was revised in RAN 97 meeting [2]. The objects of WI on Multi-carrier UL Tx switching are listed as in the followings
	2. 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 document, the remaining issues on UL Tx switching across up to 3 or 4 bands are discussed, including the additional Tx switching prepare time, one time or twice switching determining, and switching period location. Some proposals are also given.
2. Discussion
.2.1 Detailed scheme on case that two Tx chains switching between two different band pairs
In the previous meeting [5], it was agreed that following new switching conditions for R18 is supported when 3/4 bands are configured for Tx switching with dual UL configuration.
	Agreement:
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
…..
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)
……


The above new Tx switching condition can be described as the case that two Tx chain switching between two different band pairs. How to determine Tx switching scheme was discussed in last meeting [6], and the proposal text was suggested as following
	……
When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
Based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching
……


RAN4 agreed that both baseline UE assumption and optional UE capability are supported and has LS to RAN1 in [3] as following 
	LS from  R4-2220548
Issue 1: Impact from switching of one Tx chain on the other Tx chain
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to 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 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded


According to definition of baseline UE assumption and optional UE capability in RAN4 LS, that the condition determining between one Tx switching involving more than 2 bands or twice of Tx switching is suitable for baseline UE assumption, because when the UE is reported as baseline assumption capability, one Tx channel switching will interrupt the ongoing uplink transmission on another Tx channel. And this interruption is not expected by UE. In order to support two UL transmissions simultaneous on two different bands, the one Tx switching involving more than 2 bands shall be performed for the baseline UE assumption.
Proposal 1：For baseline UE assumption, based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
Comparing to baseline UE assumption, optional UE capability can allow UL transmission on the band with the number of Tx chain unchanged while the UL Tx switching is performing on the other band, that is the following case can be supported for optional UE capability. 


Figure 1 UL transmission scenario supported by optional UE capability 
As shown in figure 1， if the UE is reported  as  optional UE capability, the  two Tx switching for transmission on carrier-2 and carrier-3 can be performed separately. During 2nd Tx switching period for UL transmission on carrier-3, UE can still keep UL transmission going on carrier-2.
Comparing to baseline capability UE, that the condition of determining one Tx switching involving more than two bands can be relax for optional UE capability. The following section discuss on how to determine the condition for one Tx switching involving more than two bands for optional UE capability .

In RAN4, the issue of  ambiguity when two Tx chains are switched between two different band pairs was discussed , and following is agreement in LS [3]  and way forward to be discussed in RAN4 future meeting.
	LS from  R4-2220548
Issue 2: 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.


 
	Issue 1-2-2: Issue of two Tx chains switched between two different band pairs
Way forward:
· When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), select one of the two options in RAN4 #106:
· Option 1: In addition to the baseline UE assumption, 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)
· Further discuss the granularity of the optional UE capability:
· Option 1a: per band pair per BC
· Other options are not precluded
· Option 2: Do not introduce the advanced optional UE ability. 


According to option 2 on issue of two Tx chains switched between two different band pairs, neither of the two Tx chains can 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}, the example is shown as following figure.


Figure 2 switching gap is based on maximum of switching periods for option 2  
As shown in figure 2，the switching period from carrier-B to carrier-D is Tswitch_B-D.  The switching period from carrier-A to carrier-C is Tswitch_A-C. Tswitch_B-D is larger than Tswitch_A-C.  Even the switching TX for carrier-2 UL transmission can be started later as d1 duration, UE cannot do UL transmission on duration of d1 of carrier-A because there is time overlapping in time domain between two duration of  Tswitch_A-C  and  Tswitch_B-D. For the switching period overlapping scenario, if UE performs Tx switching from carrier-A to carrier-C independently, the UE will try to do uplink transmission according to Rel-16/Rel-17 rules on during d1, it is inconsistent to RAN4 agreement. To obey the RAN4 conclusion, one Tx switching involving more than two bands can be used when there is Tx switching period overlapping. In a word, for optional UE capability, if there is time domain overlapping between two different bands Tx switching period, UE performs it as one TX switching involving more than 2 bands, otherwise as twice of TX switching. 
Proposal 2：For optional UE capability, based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), if there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
2.2 Work assumption of additional prepare time for Tx switching
In the previous meeting [5], on additional prepare time for Tx switching, one work assumption was reached as following 
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
            ……
·  (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}



In our understanding, the majority purpose of above working assumption is for limited memory buffer of RF parameter, the duration restriction enable UE has enough time to refresh the buffer for 2nd Tx switching. And the time duration for additional prepare Tx switching can be shown as following figure 3.


Figure 3 Definition on duration for additional prepare Tx switching in work assumption
Generally, if the 1st Tx shown for carrier-A UL transmission can be performed immediately after end transmission of carrier-B before the 1st Tx switching, the definition of duration for additional prepare Tx switching is reasonable. But it is not always true according to R16/ R17 rule. For example, the UE will not perform Tx switching earlier than  T0-Toffset because UE is allowed to trigger a new Tx switching before T0-Toffset, where T0 is start time of UL transmission  and where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
More ever, for UE implement issue, Tx switching may perform just before UL transmission. So for the worst case, the duration for additional prepare Tx switching can be defined as between the start of previous transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching. The duration is shown as following figure 4.


Figure 4 Definition on duration for additional prepare Tx switching proposed
  
Proposal 3：On restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands, the work assumption can be modified as following 
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
2.3 On the ambiguity issue of switching period location
Due to Tx switching is performed only between two different bands in in Rel-16/Rel-17,the current existing RRC parameter of uplinkTxSwitchingPeriodLocation is designed only for two bands Tx switching case, and gNB can configure either TRUE of FALSE for a special carrier. The TRUE means that uplink TX switching period is located on the carrier, the FALSE means that uplink Tx switching period is not located on carrier. Generally, in Rel-16/Rel-17, if one carrier is configured as FALSE, the other carrier shall be configured as TRUE. If one carrier is configured as TRUE, the other carrier shall be configured as FALSE. 
	TS 38.331
UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}



As shown above text in TS 38.331, it is understood that RRC parameter for uplinkTxSwitchingPeriodLocation is configured based on per uplink cell /carrier. 
Observation 1: in Rel-16/Rel-17, RRC parameter for uplinkTxSwitchingPeriodLocation is configured based on per uplink cell /carrier
When UE is configured up to 3/4 bands Tx switching operation, if the similar Rel-16/Rel-17 scheme is used for uplinkTxSwitchingPeriodLocation configuration. It means that a special carrier on a band is only configured by one value. For 3/4 bands switching case, ambiguity case will occur, which results to UE cannot determine the switching period location. The possible ambiguity cases examples are given as following figure  



Figure 5 Ambiguity cases for switching period location determining 
As shown in figure 5, gNB configures 4 carriers on different bands for UL Tx switching. For current RRC parameter value of uplinkTxSwitchingPeriodLocatio, both carrier-1and carrier-2 are set as TRUE, and both carrier-3and carrier-4 are set as FALSE. There are two possible ambiguity cases for switching period location determining
· Ambiguity NO TRUE case 
·  Switching happens between carrie-3 and carrier-4. Since both two carriers are configured as FALSE, UE doesn’t know how to determine the switching period location. We can name this ambiguity as NO TRUE case.
· Ambiguity MORE TRUE case： 
· Switching happens between carrie-1 and carrier-2. Since both two carriers are configured as TRUE, UE doesn’t know how to determine the switching period location. We can name this ambiguity as MORE TRUE case.
· Switching happens among three carriers. The “switching from” is carrier-2 and it is set as TRUE, the “switching to” are carrier-1 and carrier-3, but the two carriers are set as different values. UE doesn’t know how to determine the switching period location. We can also name this ambiguity as MORE TRUE case.
During last meeting [6], the scheme that switching period location is configured per band pair was also discussed.  If the configuration of per band pair based is used, there is only MORE TRUE case of ambiguity on switching period location determining. The more proposed alternatives were discussed and listed as following
	Updated proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.


For alt.1, the switching period location is configured per band pair, and for more TRUE case, the switching period location is on highest carrier frequency, this alternative is assumed that the channel condition of highest carrier frequency is worse. We think this scheme is inflexible if only frequency factor is considered.
For Alt.2, the switching period location is configured per band pair, and for more TRUE case, the switching period location is determined according priority indication configured by gNB. We think this scheme can make gNB has flexible indication and prefer it.
For Alt.3, the Rel-16/Rel-17 scheme is not used, the switching period location is only determined on “switching-from band” or “switching-to band” configured by gNB. To enable gNB scheduling flexible, we suggest that the switching period location is configured per band pair, and for more TRUE case, the Alt 3 can be used.

Proposal 4: For less impacting on current specification, and considering the flexible scheduling, following alternatives can be down selection by RAN1.
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: switching period location is configured per band pair, and  “switching-from band” or “switching-to band” is also configured 
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, and if gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed, otherwise, switching period is located on band(s) where next transmission is performed.


3. Conclusion 
In this document, the remain UL Tx switching issues across up to 3 or 4 bands are discussed, and some proposals are given as follows.
Observation 1: in Rel-16/Rel-17, RRC parameter for uplinkTxSwitchingPeriodLocation is configured based on per uplink cell /carrier
Proposal 1：For baseline UE assumption, based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
Proposal 2：For optional UE capability, based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), if there is time domain overlapping between two bands Tx switching period, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
Proposal 3：On restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands, the work assumption can be modified as following 
· [bookmark: _GoBack](working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}
Proposal 4: For less impacting on current specification, and considering the flexible scheduling, following alternatives can be down selection by RAN1.
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: switching period location is configured per band pair, and  “switching-from band” or “switching-to band” is also configured 
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, and if gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed, otherwise, switching period is located on band(s) where next transmission is performed.
. 
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