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1. Introduction
In RAN4 #106, a WF[1] has been agreed for R18 Tx switching for single-TAG. There are still some remaining issues requiring to continue discussion in this RAN4 meeting. RAN4 also discover the DL interruption issue due to mandatory simultaneous Rx/Tx operation for many band combos. In this contribution we continue the discussion on these issues.
2. Discussion
2.1 Single-TAG
Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Candidate options:
· Option 1: 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· [bookmark: _Hlk131691696]Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Other options are not precluded
In our view option 2 and option 1 are not controversial. If some of fallback UL CA combos are not supported in the 3 or 4 band combination like the example architecture shows below, UL CA B+D cannot be supported, UE has to report all supported fallback combos individually. 
[image: ]
Figure 1. Example architecture: UL CA band B+D is not supported
If UE is capable to support all fallback UL CA combos, to save capability signaling overhead, UE can report its highest order combination for supporting Rel-18 TX switching. So option 1 and option 2 can be considered together.
Proposal 1: If UE can support all fallback combos, UE can report the 3/4 band combination with Tx switching capability. If UE cannot support all fallback combos for a higher order band combination, the approach in option 2 can be considered.
•Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
In RAN4#106, the advanced UE capability was discussed for 4-band TX switching. 
RAN4 Agreements captured in the LS R4-2220548 (RAN4 #105):
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.
Pros: Ease of implementation
Cons: Worst transmission throughput performance
It is agreed by RAN4 on top of default behavior, figure out an approach for advanced UE be capable to transmit on the earlier done switching Tx chain if the ambiguity issue can be solved without or minimum additional signaling overhead. 
If the switching configuration can be represented in order of switching bands for example, a band pair “Band B+A” is configured, this implicitly indicate Band B is at Tx chain #1, Band A is at Tx chain #2. Under such representation, if Tx switching is configured from “B+A” to “C+D”, it means exactly that in Tx chain #1, Band B uplink is switched to Band C, and in Tx chain #2, Band A is switched to Band D. The ambiguity is resolved without any additional signaling overhead with such representation. Blanking max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} would not be required. 
Proposal 2: 
· 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
Enhancements for Rel-18 Tx switching 
o	Resolving the switching pattern ambiguity issue if it is determined that it is possible that concurrent switching occurs with switching periods for two band pairs:
· Example solution: The order of switching scheduling either via downlink control information (DCI) or RRC commands represents the mapping of Tx switching bands. An example is illustrated below, where, a scheduling of band A and band C, band B and band D is done in such manner that it implies switching from “A+B” to “C+D”, that in this way, switching pattern ambiguity is resolved without any additional signaling overhead.
· By resolving the switching pattern ambiguity issue, the switching period can be the  switching capability of switched band pairs.
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Note: This means new capability is created for this purpose

Proposal 3: The discussion about whether extension of switching period is needed can be discussed in the time mask requirement discussion
	When two overlapping switching periods occur, union of switching periods is extended by the length of the shorter switching period among the switching band pairs based on UE capability
· If UE capability is reported, extension is allowed
· If not reported as a baseline, the union of switching periods applies
· Impacts on network requires for further study
FFS When switching occurs between one band pair and UE has scheduled grants for a third band that is unaffected by the switching, switching period can be double the length of the declared value for that band pair

Sub-topic 1-3: Applicability of DL interruption
It was found some concerns regarding DL interruption due to fast grow up on the band combos supporting simultaneous Rx/Tx operation[3]. The need for DL interruption happens when the switching Tx band pair has impact on the downlink receiving signal. Especially for the case when after TX switching there is uplink in the lower frequency band. Not only the MSD due to uplink harmonic in higher frequency band, but also usually the uplink carrier LO is divided by a higher frequency VCO that may have same frequency with the DL aggressor VCO that may have pulling effect on the DL VCO/LO. The scenario would easily happen on CA_n1-n77 and CA_n3-n77/n78 where the uplink carrier in lower frequency band is usually from TX VCO /2 or /4 and downlink carrier in higher frequency band is usually from RX VCO /1 or /2. This would require DL interruption for the DL synthesizer to recover the frequency pulling by the uplink aggressor.
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It was not concluded in last RAN4 meeting on the approach for the DL interruption evaluation. It is suggested to go with case by case manner that can accommodate different UE implementation. 
Proposal 4: For Rel-18 Tx switching on 3 or 4 band combinations, whether DL interruption is allowed is specified case by case manner.
In existing specs, there have been 3-band combinations specified with indication on DL interruption configuration,
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78

	CA_n3-n40-n41
	n3, n40, n41
	No for CA n3-n40, CA n3-n41

	CA_n3-n41-n793
	n3, n41, n79
	No

	CA_n8-n39-n41
	n8, n39, n41
	No for CA n8-n41, CA n39-n41

	CA_n8-n41-n793
	n8, n41, n79
	No

	CA_n25-n41-n77
	n25, n41, n77
	No for CA_n1-n78, CA_n3-n78

	CA_n39-n41-n79
	n39, n41, n79
	No

	CA_n40-n41-n791,2
	n40, n41, n79
	No for CA n40-n79, CA n41-n79


With the justification above, it is suggested to revise the table for the band combo composed of n1/n77, n3/n77 or n3/n78 that DL interruption is allowed for Rel-18 3/4-band TX switching.
Proposal 5: Revise 3-band/4-band combination table for the band combo composed of bands with 2nd order and 4th order harmonic frequency relationship in the uplink and downlink carriers, DL interruption is allowed for for Rel-18 TX switching in spec table as example below
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78 (Note X)

	Note X: DL interruption is allowed when 3-band dynamic Tx switching is conducted



3. Conclusion
Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Proposal 1: If UE can support all fallback combos, UE can report the 3/4 band combination with Tx switching capability. If UE cannot support all fallback combos for a higher order band combination, the approach in option 2 can be considered.
•Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.

Proposal 2: 
· 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
Enhancements for Rel-18 Tx switching 
o	Resolving the switching pattern ambiguity issue if it is determined that it is possible that concurrent switching occurs with switching periods for two band pairs:
· Example solution: The order of switching scheduling either via downlink control information (DCI) or RRC commands represents the mapping of Tx switching bands. An example is illustrated below, where, a scheduling of band A and band C, band B and band D is done in such manner that it implies switching from “A+B” to “C+D”, that in this way, switching pattern ambiguity is resolved without any additional signaling overhead.
· By resolving the switching pattern ambiguity issue, the switching period can be the  switching capability of switched band pairs.
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Note: This means new capability is created for this purpose

Proposal 3: The discussion about whether extension of switching period is needed can be discussed in the time mask requirment discussion
	When two overlapping switching periods occur, union of switching periods is extended by the length of the shorter switching period among the switching band pairs based on UE capability
· If UE capability is reported, extension is allowed
· If not reported as a baseline, the union of switching periods applies
· Impacts on network requires for further study
FFS When switching occurs between one band pair and UE has scheduled grants for a third band that is unaffected by the switching, switching period can be double the length of the declared value for that band pair
Sub-topic 1-3: Applicability of DL interruption
Proposal 4: For Rel-18 Tx switching on 3 or 4 band combinations, whether DL interruption is allowed is specified case by case manner.
Proposal 5: Revise 3-band/4-band combination table for the band combo composed of bands with 2nd order and 4th order harmonic frequency relationship in the uplink and downlink carriers, DL interruption is allowed for for Rel-18 TX switching in spec table as example below
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed 
(Note 4)

	CA_n1-n3-n783
	n1, n3, n78
	No for CA_n1-n78, CA_n3-n78 (Note X)

	Note X: DL interruption is allowed when 3-band dynamic Tx switching is conducted
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