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1. Introduction
In RAN #85, the proposal on UE requirements to allow switching between two uplink carriers was endorsed in [1], and the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [2].
· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any
· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point
· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed
· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any
· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 
· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  
· Strive to minimize RAN1 impact. 
· Strive to achieve no impact to RAN1 E-UTRAN spec 
· Strive to avoid defining location of switching period impacting RAN1 spec 
· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers
Note 2: Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA
Note 3: The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission
Note 4: The UE is configured with two different uplink carrier frequencies.

In this contribution, we discuss the potential RAN1 impact to support switching between case 1 and case 2.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
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 1: 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.

UL inter-band CA
In UL CA case, simultaneous transmission on both UL carriers is typical in normal UL CA. However, given that UE is only capable of handling 2Tx concurrent transmission, the network scheduling which requires UE simultaneous transmission on the 1Tx and 2Tx carrier should be explicitly prohibited. For UL CA case, we currently have following two options, as summarized in the FL summary (R1-2001275)
· Option 1: UE is not expected to be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 



· Option 2: UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P



As compared in the following table, both option 1 and option 2 has their benefits and restrictions. If it is not possible to make a down-selection, it can be considered to support both as UE capability. 
	
	Simultaneous transmission on carrier 1 and carrier 2
	Tx diversity on carrier 2

	Option 1
	Not supported
	Supported 

	Option 2
	Supported
	Not supported


 
Proposal 2: Consider supporting both option 1 and option 2 as UE capability. 

DL interruption
The following information was provided in the RAN4 LS (R1-2001522)
	In RAN4#94e, the follow agreements on the length of UL switching period have been reached. 
· Length of UL switching period for defining UE RF requirements and capability reporting:
· For SUL and UL CA
· {35us, 140 us, 210us} 
· For EN-DC
· {35us, 140 us}
From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:
· SUL+TDD
· TDD+TDD CA with the same UL-DL pattern
· TDD+TDD EN-DC with the same UL-DL pattern
For other duplex mode combinations, depending on the RAN1 feedback different capabilities could be defined for UEs with and without DL interruption. UE capability, if defined, is reported per band pair in each band combination. UE reports for each band within the pair of bands in each band combination.
If DL interruptions are allowed, the length of DL interruption will be in a range from one OFDM symbol to one slot. RAN4 would like to request RAN1 feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.



It can be seen that the UL carrier switch between case 1 and case 2 may cause DL interruption depending on the band combination and duplexing mode. During the interruption time, UE is not able to receive the configured DL signal/channels, such as CORESET, reference signals. It should be captured in pec such that UE is not expected to receive during the DL interruption time, no additional spec impact is envisioned. 
Observation: No RAN1 spec impact due to DL interruption in addition to the fact that UE is not able to receive during the DL interruption time. 
3. Conclusion
In this contribution, we discuss the potential RAN1 impacts to support TDM switching between 1Tx and 2Tx UL carriers, and have following proposals:
[bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Proposal 1: 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.
Proposal 2: Consider supporting both option 1 and option 2 as UE capability. 
Observation: No RAN1 spec impact due to DL interruption in addition to the fact that UE is not able to receive during the DL interruption time. 
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