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1. Introduction
In RAN1#100bis-e, significant progress has been made for the UL carrier-switching feature. 
In this contribution, we discuss some remaining details. 
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
The time granularity of UL switching
In RAN1 email thread [100b-e-LS-TxSwitching-02], the time granularity of switching period determination has been discussed, with following identified options. 
· Down selection on following two options in next meeting:
· Option 1: The presence of the switching period is determined one time every transmission occasion.
· Option 2: The presence of the switching period is determined one time every slot or every UL phase.
In principle, both options can work. From UE perspective, too frequent carrier switching can cause excessive switching gap and DL interruptions. As the motivation of the feature is to maximum the UL MIMO throughput gain on carrier 2 (i.e. higher band TDD carrier), it is not likely that network will schedule the UE to switch back-and-forth between carrier 1 and carrier 2 during the contiguous UL slots on carrier 2, i.e. the UL phase. It can be argued that option 1 provides full flexibility for network it is a network scheduler implementation issue to reduce the frequency of carrier switching; however, it is not beneficial for UE to be always prepared for carrier switch every transmission occasion or every slot. It could be beneficial for UE implementation if the location for potential UL switch is pre-known by the UE such that some potential power saving can be possible. Therefore, we suggest to have some restrictions on the presence of switching period and prefer to not allow more than one switch per UL phase. 
Proposal 1: The presence of the switching period is determined once per UL phase, where UL phase is defined as a set of contiguous UL slots in the carrier 2. 
EN-DC
Regarding the TDM operation between LTE 1Tx and NR 2Tx in EN-DC, due to the independent scheduling decision between LTE and NR, the TDM operation as defined in Rel-15 single UL operation can be reused to achieve the TDM switching. Specifically, the following options have been identified in the feature lead summary (R1-2001276). 
· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation.
· Option 2: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 
· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 
· No change to LTE operation.
· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation. 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 
· For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.
· Option 4: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 
· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 
· No change to LTE operation. 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 
In general, option 1 and 3 trying to avoid simultaneous transmission for LTE and NR while option 2 and 4 allows the simultaneous transmission in case NR has single port UL transmission. Given that simultaneous LTE and NR transmission has been supported in regular EN-DC operation without carrier switching gap, and the carrier switching feature intends to maximum the throughput on NR carrier by 2Tx transmission, we prefer to not allow simultaneous LTE and NR transmissions. The use of Rel-15 or Rel-16 TDM pattern can be based on the UE capability. Therefore, we have:
Proposal 2: For EN-DC, support following options as UE capability 
· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation.
· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation. 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 
· For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

3. Conclusion
In this contribution, we discuss the remaining issues to support TDM switching between 1Tx and 2Tx UL carriers, and have following proposals:
[bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531][bookmark: _GoBack]Proposal 1: The presence of the switching period is determined once per UL phase, where UL phase is defined as a set of contiguous UL slots in the carrier 2. 
Proposal 2: For EN-DC, support following options as UE capability 
· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation.
· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell
· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 
· UE is not expected to transmit in NR for Case 1.
· No change to LTE operation. 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 
· For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.
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