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Introduction
The WI “Multi-carrier enhancements for NR” has been agreed in RAN#94-e and an update was approved in RAN#97e [1]. In RAN4#104-e-bis, an LS has been sent out in [2] and a WF document has been agreed for single TAG in [3]. In RAN4#105, a number of papers were submitted as documented in the topic summary [6], and a WF [7] was agreed.
In this contribution, continue discussion was done for single TAG case. 
Discussion
Exact value of Tx switching period
In last meeting, still two options remain for this as following:
Way forward:
For the exact value of Tx switching period for each band pair, select one of the two options in RAN4 #106:
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· Note: With the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. 
· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.

In our understanding, since widely accepted that it may be more complicated for UE implementation for multi-band operation, leaving some room for more flexible implementation is beneficial. In addition, mandatory same requirements not necessarily would simplify the spec, and there is no clear benefit on this. Thus, we would like to re-submit the previous observation as following:
Observation 1: Mandate unified switching period requirements between different releases for a certain pair would have more implementation restrictions or reduced use case for Tx Switching.
Proposal 1: Still prefer different values can be reported for Tx switching period for flexibility.

Impact on the band with the number of Tx chain unchanged due to switching
The following WF has been agreed in this issue:
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.
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:
· Option 1a: per band pair per BC
· Option 1b: per band per band pair per BC
· Other options are not precluded
· Note: this optional advanced UE ability is not considered for the following case, as per the RAN4 #104e agreement
· The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B.
The remaining issue is the granularity of the optional UE capability. The capability is associated with behavior. Here is an analysis of typical behavior take the following example:
For the band combination consisted of 3 bands (A, B, C).
· For option 1a (per band pair per BC):
· When the band pair (A, B) be reported, it can mean for the two switching cases of tx chain: Band A ->B and Band B->A, the transmission of Tx chain in C can be continuous during the switching period of band pair (A,B).
· For option 1b (per band per band pair per BC):
· When A for the band pair (A, B) be reported, it can mean only in case the switching of tx chain Band A ->B (or vice versa) happens, the Tx chain in Band C can be continuous during the switching period of band pair (A,B); 
· When B for the band pair (A, B) be reported, it can mean only in case the switching of tx chain Band B ->A (or vice versa) happens, the Tx chain in Band C can be continuous during the switching period of band pair (A,B); 
· In all, this extra per-band reporting can add a further direction.
· Other options
· Per band: When C is reporting, for three band case as in the example, it can mean this is the continuous band that would not be impacted by the switching of other bands.
· Unlike previous options, this per-band seems a bit restrictive if 4 bands were involved.
Observation 2: The difference between option 1a and 1b is likely to be whether a direction of Tx switching is needed to be reported or not.
Observation 3: The per band reporting seems not sufficient.
According to the observations, it seems that option 1a could be enough, and option 1b may be more redundant for typical UE.
Proposal 2: For the impact on the band with the number of Tx chain unchanged due to switching, per band pair per BC (option1a) is preferred since it is a good compromise between simplicity and flexibility.

Issue of two Tx chains switched between two different band pairs
The following WF has been agreed in this issue:
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. 

We still prefer option 2 for simplicity reasons, and the benefit raised from this enhancement can be marginal. However, if option 1 was suggested by most companies, then option 1a seems enough. The typical behavior using option 1a could be:
· If both band pairs are capable of this enhanced feature, then transmission during (Tswitch_2 - Tswitch_1) is possible;
· If only one band pair is capable of this enhanced feature, then no transmission can be done during (Tswitch_2 - Tswitch_1)
Based on this understanding, the following proposal is provided:
Proposal 3: For the case of two Tx chains switched between two different band pairs, prefer not to introduce the advanced optional UE ability (Option 2). If the capability is introduced, then per band pair per BC is enough (Option 1a).

Possible Ambiguity issue for 3 band case
In the WF, there is an agreement on the ambiguity issue when two Tx chains are switched between two different band pairs as following:
Way forward:
· 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, 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}:
· 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.
[bookmark: _GoBack]There is one similar case for 3 bands, e.g. A, B, C. When switching from 1T+1T on band A and C to 1T+1T on band B and C is performed, theoretically there could be two different switching routes: 1) A->B, 2) A->C and C->B simultaneously. If based on similar principle, the baseline of switching periods can be max{Tswitch_A-B, Tswitch_A-C, Tswitch_C-B}. 
In addition, this may also related to previous discussed advanced optional UE ability issues, since it is also possible to have different outage behaviour for different ability.
Proposal 4: Discuss whether to consider the different cases for three band switching from 1T+1T on band A and C to 1T+1T on band B and C: 1) A->B, 2) A->C and C->B.


Maintenance of RAN4 current requirements for “dualUL”
As discussed in [8], the current Rel-16/17 spec is not that clear to cover “dualUL” case in which simultaneous transmission was used. In the WF [7], some tentative clarification note was documented but not agreed yet.
[bookmark: _Hlk126768089]After some offline discussion, it is found the more simplified wording “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL.” is preferred, thus it is proposed to add this into legacy requirements.
Proposal 4: Add the following note “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL” for legacy Tx switching requirements.
In addition, there are also views that new time mask requirements picture is added to further clarify the simultaneous transmission case, one example could be for Time mask for switching between two uplink carriers for NR CA, the case for switching between simultaneous UL carrier 1 + carrier 2 and UL Carrier 2, where the switching period is located in carrier 1 can be as following:
[image: ]  
[Figure 6.3A.3.3.2-1aa: Time mask for switching between simultaneous UL carrier 1 + carrier 2 and UL Carrier 2, where the switching period is located in carrier 1]
It is proposed to discuss whether this kind of supplementation is needed or not.

Proposal 5: Discuss whether new figures for time mask requirements are needed or not for legacy Tx switching requirements.
The maintenance CRs are also submitted in this meeting.
Conclusion
In this paper, continue discussion was done for Tx Switching up to 3 or 4 bands for single TAG case.
Exact value of Tx switching period:
Observation 1: Mandate unified switching period requirements between different releases for a certain pair would have more implementation restrictions or reduced use case for Tx Switching.
Proposal 1: Still prefer different values can be reported for Tx switching period for flexibility.

Impact on the band with the number of Tx chain unchanged due to switching:
Observation 2: The difference between option 1a and 1b is likely to be whether a direction of Tx switching is needed to be reported or not.
Observation 3: The per band reporting seems not sufficient.
Proposal 2: For the impact on the band with the number of Tx chain unchanged due to switching, per band pair per BC (option1a) is preferred since it is a good compromise between simplicity and flexibility.

Issue of two Tx chains switched between two different band pairs
Proposal 3: For the case of two Tx chains switched between two different band pairs, prefer not to introduce the advanced optional UE ability (Option 2). If the capability is introduced, then per band pair per BC is enough (Option 1a).

Maintenance of RAN4 current requirements for “dualUL”:
Proposal 4: Add the following note “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL” for legacy Tx switching requirements.
Proposal 5: Discuss whether new figures for time mask requirements are needed or not for legacy Tx switching requirements.
The maintenance CRs are also submitted in this meeting [9][10].
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