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1. Introduction
In RAN #96, the latest WID on Multi-carrier enhancements was approved in [1], and RAN4 is one of the responsible WGs for the following objective on UL Tx switching across 3 and 4 bands:
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: 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 addition, RAN1 has sent one LS on UL Tx switching across 3 or 4 bands to RAN4 in [2]. This contribution will provide our view on Tx switching across 3 and 4 bands and Tx switching between 2 bands with 2 TAGs.
2. Tx switching across 3 and 4 bands
2.1  Length of UL switching period
In RAN1 LS to RAN4 [2], the following question was asked:
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands.
For Tx switching in Rel-16/17, 1Tx chain and up to 2Tx chains can be switched between 2 bands for 1Tx-2Tx switching and 2Tx-2Tx switching respectively. For 1Tx-2Tx switching and 2Tx-2Tx switching, the set of candidate switching time is the same (i.e., 35us, 140us and 210us for SUL and UL CA), and the actual switching time can be the same or different based on UE reporting.
Observation 1: For Tx switching in Rel-16/17, 1 Tx chain and up to 2 Tx chains can be switched between 2 bands for 1Tx-2Tx switching and 2Tx-2Tx switching respectively.
Observation 2: For Rel-16/17 1Tx-2Tx switching and 2Tx-2Tx switching, the set of candidate switching time is the same, and the actual switching time can be the same or different based on UE reporting.

For Tx switching across 3 and 4 bands in Rel-18, the switching of each Tx chain is also conducted between 2 out of the 3/4 bands for each switching occasion. Therefore, in Rel-18 switching scenario, we think the switching time required is still applied to each band pair happened for switching.
Furthermore, depending whether the switching is conducted between two bands with 1Tx+2Tx or 2Tx+2Tx, the switching time of 1Tx-2Tx or 2Tx-2Tx switching for the band pair can be applied. Two examples are given below:
Example A:
For Tx switching across 3 bands of band A, B and C (with up to 1Tx, 2Tx and 2Tx respectively):
· When the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C) = (1, 1, 0)
· After Tx switching: (band A, band B, band C) = (0, 2, 0)
· The switching time of 1Tx-2Tx switching between band A and band B is applied.
· When the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C) = (0, 2, 0)
· After Tx switching: (band A, band B, band C) = (0, 0, 2)
· The switching time of 2Tx-2Tx switching between band B and band C is applied.
Observation 3: For Tx switching across 3 and 4 bands in Rel-18, the switching of each Tx chain is also conducted between 2 out of the 3/4 bands for each switching occasion.
Proposal 1: For Tx switching across 3 and 4 bands in Rel-18, for each switching occasion, depending on whether the switching is conducted between two bands with 1Tx+2Tx or 2Tx+2Tx, the switching time of 1Tx-2Tx or 2Tx-2Tx switching for the band pair can be applied.

For CA option 2, i.e., dual UL, the situation is a little different, since ideally the 2 Tx chains can be switched between 2 different band pairs (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C) at the same time. So, firstly, in RAN4, we need to confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs in this scenario, since this is a new scenario not discussed in earlier releases.
Proposal 2: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time.

If the above feasibility can be confirmed, in this scenario, the switching time can still be applied for each of the switched band pair. For example, 
Example B:
For Tx switching across 3 bands of band A, B and C (with up to 2Tx, 2Tx and 1Tx respectively):
· When the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C) = (2, 0, 0)
· After Tx switching: (band A, band B, band C) = (0, 1, 1)
· The 2Tx-2Tx switching time between band A and band B, and the 2Tx-1Tx switching time between band A and band C are applied respectively.
Proposal 3: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), if the feasibility of the 2 Tx chains switched between 2 different band pairs is confirmed, the switching time can be applied for each of the switched band pairs.

Then the next question is whether the switching time for each band pair is the same or different (i.e., increased) in comparison to the Rel-16/17 switching time with 2 bands configured.
In our view, the Rel-16/17 switching time with 2 bands configured can be reused for Rel-18 switching scenario. For Rel-18, although the configured bands is increased to be 3 or 4, the switching is still conducted between 2 bands for each switching occasion, with the same UE switching behavior as in Rel-16/17. Therefore, we don’t see the necessity of increasing switching time compared to the scenario with 2 band configured.
Proposal 4: For Rel-18 switching scenario, the Rel-16/17 switching time between each band pair can be reused when the Tx switching is conducted between the same band pair out of the 3/4 bands.

2.2  Impact from switching of one Tx chain on the other Tx chain
The other question from RAN1 is that:
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”

In Rel-16/17, the switching is conducted in the scenario with 2 bands configured. So, when one Tx chain is switched between the 2 bands, the number of available Tx chains is changed before and after the switching for both two bands. This is the reason why UL transmission is not expected for both bands during the switching period.
However, for Rel-18, there are 3 or 4 bands configured, the number of Tx chains can be kept the same (i.e., kept as 1Tx chain) for one band when the switching of the other Tx chain is conducted between two other bands. In this case, for the band with the number of Tx chain unchanged before and after the switching, UL transmission can be maintained during the switching period.
Example C:
For Tx switching across 3 bands of band A, B and C (with up to 1Tx, 2Tx and 2Tx respectively):
· When the status of Tx chains before and after Tx switching is: 
· Before Tx switching: (band A, band B, band C) = (1, 1, 0)
· After Tx switching: (band A, band B, band C) = (1, 0, 1)
· The status of Tx chain on band A is not changed before and after the switching of the other Tx chain, so the UL transmission on band A can be maintained in during the switching period.
Observation 4: In Rel-16/17, the switching is conducted in the scenario with 2 bands configured. So, when one Tx chain is switched between the 2 bands, the number of available Tx chains is changed before and after the switching for both two bands.
Proposal 5: For Rel-18 switching scenario, for the band with the number of Tx chain unchanged before and after the switching between two other bands, UL transmission can be maintained during the switching period.

2.3  Concurrent UL transmission on 2 bands
In the scenario with 3 or 4 UL bands configured, from RF perspective, concurrent UL transmission may or may not be possible for all band pairs. For example, in the RAN4 Rel-18 SI on enhancement of 700/800/900MHz band combinations, the feasibility of UL CA on 700/800/900MHz band combinations is still under study.
Therefore, for UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not.
Proposal 6: For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not.

2.4  2Tx support on different bands
As we know, the support of 2Tx chains is a optional feature for each band, and typically it is easier to support 2Tx for bands at higher frequencies compared to the bands at lower frequency.
For the 3 or 4 bands in Re-18 Tx switching scenario, we can expect that 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario. Meanwhile, 2Tx is not expected to be supported on all the 3 or 4 bands in all band combinations.
Observation 5: The support of 2Tx chains is a optional feature for each band.
Proposal 7: 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario.

2.5  RF requirements for UL 3/4 bands CA
For Tx switching across 3/4 bands, although there are 3 or 4 UL bands configured, the concurrent UL transmission is on at most 2 bands. So, there is no need to define RF requirements for UL 3/4 bands CA, and the existing RF requirements for up to 2 UL bands are sufficient.
Observation 6: For Tx switching across 3/4 bands, although there are 3 or 4 UL bands configured, the concurrent UL transmission is on at most 2 bands.
Proposal 8: No need to define RF requirements for UL 3/4 bands CA.
3. Extension of Tx switching for 2 bands to 2 TAG configurations
The following update was made in the latest WID [1]. In this section, we will discuss the scenario of Tx switching between 2 bands with 2 TAGs.
· 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)
· …
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.

For the scenario of Tx switching between 2 bands with 2 TAGs, we can assume that the time required by UE to conduct Tx switching is the same as that in single TAG scenario, and the difference is on the actual UL outage time due to the time a-synchronization of the time slots on two bands.
In our view, in addition to the UL switching time reported by UE (i.e., the Rel-16/17 switching time), two other factors need to be considered to calculate the UL outage time: one is the TA delta between the two bands, and the other one is the timing measurement error.
· For the TA delta, it can be derived based on the estimated TA values on the two bands, given that the TA value is estimated at BS side. For the non-collocated scenario, we can assume that the non-collocated BSs can exchange the estimated TA information timely and the TA delta between the two bands is available at BS/network side.
· For the timing measurement error, the DL timing estimation error, UL TA estimation error and UL TA quantization error need to be taken into account.
Proposal 9: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors:
1) The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
2) The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
3) The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.
4. Conclusion
Firstly, this contribution presented our view on Tx switching across 3 and 4 bands, with the following observations and proposals:
For the length of UL switching period:
Observation 1: For Tx switching in Rel-16/17, 1 Tx chain and up to 2 Tx chains can be switched between 2 bands for 1Tx-2Tx switching and 2Tx-2Tx switching respectively.
Observation 2: For Rel-16/17 1Tx-2Tx switching and 2Tx-2Tx switching, the set of candidate switching time is the same, and the actual switching time can be the same or different based on UE reporting.
Observation 3: For Tx switching across 3 and 4 bands in Rel-18, the switching of each Tx chain is also conducted between 2 out of the 3/4 bands for each switching occasion.
Proposal 1: For Tx switching across 3 and 4 bands in Rel-18, for each switching occasion, depending on whether the switching is conducted between two bands with 1Tx+2Tx or 2Tx+2Tx, the switching time of 1Tx-2Tx or 2Tx-2Tx switching for the band pair can be applied.
Proposal 2: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), first confirm the feasibility that the 2 Tx chains can be switched between 2 different band pairs at the same time.
Proposal 3: For Tx switching across 3 and 4 bands in Rel-18, for CA option 2 (i.e., dual UL), if the feasibility of the 2 Tx chains switched between 2 different band pairs is confirmed, the switching time can be applied for each of the switched band pairs.
Proposal 4: For Rel-18 switching scenario, the Rel-16/17 switching time between each band pair can be reused when the Tx switching is conducted between the same band pair out of the 3/4 bands.

For the impact from switching of one Tx chain on the other Tx chain:
Observation 4: In Rel-16/17, the switching is conducted in the scenario with 2 bands configured. So, when one Tx chain is switched between the 2 bands, the number of available Tx chains is changed before and after the switching for both two bands.
Proposal 5: For Rel-18 switching scenario, for the band with the number of Tx chain unchanged before and after the switching between two other bands, UL transmission can be maintained during the switching period.

For the concurrent UL transmission on 2 bands:
Proposal 6: For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not.

For the 2Tx support on different bands:
Observation 5: The support of 2Tx chains is a optional feature for each band.
Proposal 7: 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario.

For the RF requirements for UL 3/4 bands CA:
Observation 6: For Tx switching across 3/4 bands, although there are 3 or 4 UL bands configured, the concurrent UL transmission is on at most 2 bands.
Proposal 8: No need to define RF requirements for UL 3/4 bands CA.

Secondly, this contribution presented our view on Tx switching for 2 bands with 2 TAGs, with the following proposal:
Proposal 9: For Tx switching between 2 bands with 2 TAGs, the UL outage time due to switching is depending on 3 factors:
1) The UL switching time reported by UE (i.e., the Rel-16/17 switching time)
2) The delta of TA values on the two bands, assuming that the non-collocated BSs can exchange the estimated TA information timely.
3) The timing measurement error, including: the DL timing estimation error, UL TA estimation error and UL TA quantization error.
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