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Discussion
1      Introduction
In RAN #85 meeting, the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [1].

· 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.
During RAN4 #92bis meeting, RAN4 discussed the UE requirements to allow switching between case 1 and case 2 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. It was clarified in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission [2]. An LS [3] was sent to RAN1 based on agreements achieved in RAN4 #92bis meeting. In RAN1 #99, the reply LS [4] was sent to RAN4. In RAN4 #93 meeting, an LS [5] was sent from RAN4 to RAN2 cc RAN1. In RAN4 #94e, an additional LS [6] was sent to RAN1, asking RAN1 to provide feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios. In RAN1 #100b-e, the reply LS [7] on DL interruption was sent to RAN4.
In this contribution, we discuss the remaining issues on uplink Tx switching.
2      Discussion
In RAN1 #100e meeting, the following agreement on switching period was reached:
· For inter-band UL CA, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.

· FFS: whether to handle the case when switching period cannot be ensured by gNB.

If uplink Tx switching is triggered, since gNB knows whether and when the switching period is applicable, the transmission in the switching period can be avoided by scheduling. Hence, UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period. If the switching period cannot be ensured by gNB by mistake, how to handle the error case is up to UE implementation.
Proposal 1: For inter-band UL CA, SUL and EN-DC, UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period. 
In last RAN1 meeting, following three options for the granularity of Tx switching were discussed:
· 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.
· Option 2a: The presence of the switching period is determined one time every slot with smaller numerology.
· Option 2b: The presence of the switching period is determined one time every slot with larger numerology.
· Option 3: The presence of the switching period is determined one time every UL phase. An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable of 2 ports transmission. The state of Tx chains is not changed during the UL phase.
After discussion, it was agreed to make down selection on following two options:
· 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.
If Tx switching is determined one time very transmission occasion, frequent Tx switching may happen. UL phase is beneficial to avoid unnecessary Tx switching. 
Proposal 2: For inter-band UL CA, UL phase is defined to avoid unnecessary Tx switching. An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable of 2 ports transmission. The state of Tx chains is not changed during the UL phase.
For UL CA option 2, for codebook based PUSCH transmission, the basic mechanism can be supported. PUCCH and PUSCH with 1-port transmission can be indicated by DCI format 0_0 and DCI format 0_1 can indicate PUSCH with 2-port transmission when nrofSRS-Ports is configured as 2 antenna ports. 
Observation: For codebook based PUSCH transmission, the basic mechanism can be supported. 
· DCI format 0_0 can indicate 1-port UL transmission.

· DCI format 0_1 can indicate 2-port UL transmission when 2-port SRS is configured.
However, nrofSRS-Ports is semi-statically configured while case 1 or case 2 can be dynamically changed. There is one problem that how to indicate 1-port transmission using DCI format 0_1 if nrofSRS-Ports is configured as 2 antenna ports. 
In last RAN1 meeting, the majority of companies thought for UL CA option 2, DCI format 0_1 can be used to indicate 1-port transmission when nrofSRS-Ports is configured as 2 antenna ports. Two options were discussed:
· Option 1: DCI Format 0_1 can be used to indicate 1-port UL transmission on carrier 2 when 2-port SRS is configured for codebook-based transmission.
· PUSCH transmission with TPMI=1/sqrt(2)[1 0] is considered as 1-port transmission.
· PUSCH transmission with all other TPMI, e.g., TPMI=1/sqrt(2)[0 1] are considered as 2-port transmission.
· Option 2: gNB configures 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.
For UL full power transmission, a SRS resource set consisting SRS resources with different numbers of SRS ports is introduced for codebook based PUSCH with UL full power transmission Mode 2. In order to minimize RAN1 specification impact, from our perspective, solution 2 is preferred
Proposal 3: For UL CA option 2, for codebook based PUSCH transmission, DCI format 0_1 can indicate 1-port UL transmission when 2-port SRS is configured. gNB can configure 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.
In last meeting, for EN-DC, following agreements were reached:

· Observation: For EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.

· FFS: whether the support for Rel-15 EN-DC HARQ timing case 1 with FDD PCell is mandatory for UEs supporting UL Tx switching for EN-DC

· FFS: whether uplink Tx switching support is limited to be only supported with the Rel-15 EN-DC HARQ timing case 1 with FDD PCell configured.

Concerns were raised whether uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration. In addition, given that we are approaching the deadline of Rel-16 freeze, we think for UEs supporting UL Tx switching for EN-DC, it is mandatory to support Rel-15 EN-DC HARQ timing case 1 with FDD PCell. Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.

Proposal 4: For UEs supporting UL Tx switching for EN-DC, it is mandatory to support Rel-15 EN-DC HARQ timing case 1 with FDD PCell.

Proposal 5: For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.
For UEs supporting UL Tx switching for EN-DC with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, the switching mechanism should be defined. If UE has UL transmissions, for LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed. For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed. If UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed. No change to LTE operation. 

Proposal 6: 
· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, 
· If UE has UL transmissions

· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

Proposal 7: 
· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, 
· If UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.
Proposal 8: 
· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, down selection on the following two options:

· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 2: 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/PUCCH/SRS transmission. 

3      Conclusion
In this contribution, we discussed the remaining issues on uplink Tx switching. Based on the discussion, we have following proposals.
Proposal 1: For inter-band UL CA, SUL and EN-DC, UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period. 
Proposal 2: For inter-band UL CA, UL phase is defined to avoid unnecessary Tx switching. An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable of 2 ports transmission. The state of Tx chains is not changed during the UL phase.
Proposal 3: For UL CA option 2, for codebook based PUSCH transmission, DCI format 0_1 can indicate 1-port UL transmission when 2-port SRS is configured. gNB can configure 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.
Proposal 4: For UEs supporting UL Tx switching for EN-DC, it is mandatory to support Rel-15 EN-DC HARQ timing case 1 with FDD PCell.

Proposal 5: For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.
Proposal 6: 
· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, 
· If UE has UL transmissions

· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

Proposal 7: 

· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, 
· If UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

Proposal 8: 

· For EN-DC, for UEs supporting UL Tx switching with Rel-15 EN-DC HARQ timing case 1 with FDD PCell, down selection on the following two options:

· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 2: 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/PUCCH/SRS transmission. 
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