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1. Introduction
In RAN4 #106, the WF on NR Multi-carrier enhancements was approved in [1], the LS to RAN1 and RAN2 was approved in [2], and the CR for 38.101-1 was endorsed in [3].
This contribution discusses the remaining open issues for UL Tx switching across 3/4 bands.
2. Discussion
2.1	Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Two candidate options were listed in the WF [1]:
· 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.
· 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

Firstly, in Rel-17, the fallback of Rel-17 Tx switching to Rel-16 Tx switching was agreed as follows [4]:
For UE supporting 2Tx-2Tx switching, it means that the UE supports 1Tx-2Tx as well.
For Rel-18 Tx switching across more number of bands, the fallback relationship with the Rel-16/17 switching should also be considered. For a band pair within a band combination supporting Rel-18 Tx switching among 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported. Thus option 2 is our preference, while the implication of option 1 is not very clear to us.
Proposal 1: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands,
· If 1Tx-2Tx switching is supported for the band pair, Rel-16 1Tx-2Tx switching is supported as well.
· If 2Tx-2Tx switching is supported for the band pair, Rel-17 2Tx-2Tx switching is supported as well.

2.2	2-layer UL-MIMO support for carrier(s) capable of 2Tx
The following was captured in the WF:
· Further discuss on whether or not to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.

We support to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx, considering the following reasons:
· In Rel-16/17 Tx switching, 2-layer UL-MIMO is mandatory supported for the carrier(s) capable of 2Tx, which is beneficial for UL throughput performance.
· The additional complexity of supporting 2-layer MIMO at transmitter side is quite moderate.
Proposal 2: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx, considering the UL throughput benefit, moderate complexity increase and specification consistency with the Rel-16/17 Tx switching.

2.3	Additional time mask for dualUL related switching scenarios
According to the WI status report [5], the following agreements were reached in RAN1 #112:
Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter 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 summaximum 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}
Agreement
Alt.5: gNB configures priorities to each carrier/band.
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.

Meanwhile, RAN4 asked the following question to RAN1 in the LS [2]:
From RAN1 perspective, is it possible that the two Tx chains are switched concurrently between two different band pairs and with overlapping switching period? Two examples are given below:
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.

According to the above RAN1 agreement on switching period location, the configuration of switching period in the following figure from the WF [1] is not possible, since all the 4 bands including the band with highest priority are impacted.
[image: ]
Observation 1: RAN1 agreement on the switching period location is not followed in the above figure.

Then, for the following two figures, whether these scenarios are valid is pending on the RAN1 conclusion of whether it is counted as one uplink switching or two uplink switching, for the “switching from band X+Y to band Z” and “switching from band Z to band X+Y” respectively. So, RAN4 can first discuss the feasibility of the two figures from RAN4 perspective, and the final conclusion on whether to include the two figures into the CR is also pending on RAN1 reply LS to RAN4.
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]

Observation 2: For the switching time masks in above two figures, RAN4 can first discuss the feasibility from RAN4 perspective, and the final conclusion on whether to include the two figures into the CR is also pending on RAN1 reply LS to RAN4.

2.4	Location of switching period in relation to time T0
For the location of switching period in relation to time T0, there is an LS from RAN1 in Rel-16 maintenance part. According to the RAN1 LS, it is understood that the exact location of switching period is not fixed in the current RAN1 specification when the uplink unscheduled time is longer than the length of switching period.
In our companion contribution in [7], we propose not to define the exact location for Rel-16 and Rel-17, since the Rel-16/17 specifications have been frozen for a long time.
Meanwhile, we are not against to define the exact location for Rel-18 with more than 2 bands configured in a band combination. However, if any new agreement on the exact switching period location will be reached, it should not conflict with the following RAN1 agreement on the configuration of switching period location.
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
Proposal 3: For Rel-16 and Rel-17, we propose not to define the exact location of Tx switching period in our companion contribution [7]. For Rel-18 Tx switching across 3/4 bands, we are not against to define the exact location, but the new agreement (if any) on the exact switching period location should not conflict with the RAN1 agreement on the configuration of switching period location. 

2.5	Advanced optional UE ability for the scenario with two Tx chains switched between two different band pairs
In RAN4 #105, the following options were captured in the WF [8]:
· 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.

Following the discussion in RAN4 #106, the need of advanced optional UE ability can be discussed separately for two sub-scenarios:
· Sub-scenario #1: switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching. More specifically,
· the two Tx chains are both on band A before switching, one Tx chain on band B and the other Tx chain on band C after switching, or, 
· the two Tx chains are both on band A after switching, one Tx chain on band B and the other Tx chain on band C before switching
· Sub-scenario #2: switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching.
For sub-scenario #1, we propose to 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). For sub-scenario #2, we propose not to introduce the advanced optional UE ability.
Proposal 4: 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), 
· For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching, 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).
· For the switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching, not introduce the advanced optional UE ability.
3. Conclusion
The contribution discussed the remaining open issues for UL Tx switching across 3/4 bands, with the following observations and proposals:
On the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching:
Proposal 1: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands,
· If 1Tx-2Tx switching is supported for the band pair, Rel-16 1Tx-2Tx switching is supported as well.
· If 2Tx-2Tx switching is supported for the band pair, Rel-17 2Tx-2Tx switching is supported as well.

On the 2-layer UL-MIMO support for carrier(s) capable of 2Tx:
Proposal 2: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx, considering the UL throughput benefit, moderate complexity increase and specification consistency with the Rel-16/17 Tx switching.

On the additional time mask for dualUL related switching scenarios:
Observation 1: RAN1 agreement on the switching period location is not followed in the figure below.
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Observation 2: For the switching time masks in two figures below, RAN4 can first discuss the feasibility from RAN4 perspective, and the final conclusion on whether to include the two figures into the CR is also pending on RAN1 reply LS to RAN4.
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]
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Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]

On the location of switching period in relation to time T0:
Proposal 3: For Rel-16 and Rel-17, we propose not to define the exact location of Tx switching period in our companion contribution [7]. For Rel-18 Tx switching across 3/4 bands, we are not against to define the exact location, but the new agreement (if any) on the exact switching period location should not conflict with the RAN1 agreement on the configuration of switching period location. 

On the advanced optional UE ability for the scenario with two Tx chains switched between two different band pairs:
Proposal 4: 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), 
· For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching, 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).
· For the switching scenario with ambiguity, i.e., the two Tx chains are on two different bands both before and after switching, not introduce the advanced optional UE ability.
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