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Introduction
During RAN#85 meeting, the WID of NR_RF_FR1 (i.e., RF requirements for NR frequency range 1 (FR1)) [1] has been updated to include UE requirements to allow switching between case 1 (1Tx each carrier) and case 2 (2Tx on carrier 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. RAN1 is targeted to study RAN1 impact but strive to minimize RAN1 impact.
	· 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 analyze the impact of RAN1 spec on switch between case1 and case2 for two uplink carriers. 
Discussion
RAN1 impact on switching time
Figure 1 depicts an example of case 1 and case 2 switch for UEs with two uplink carriers. At first, UE is in case 1, i.e., 1 TX for CC1 and another 1 TX for CC2. Then, UE is switched to case 2, i.e., both 2 TXs are reserved for CC2. Later, UE switches back to case 1 again. 
According to the 	WID, the switching time between case 1 and case 2 and potential interruption time will be studied in RAN4. From RAN1 perspective, some scheduling restriction may need to be specified and the scheduling restriction for CC1 and CC2 is likely to be different.
For CC1, during the switching time 1, the TX for CC1 is switched for CC2; during switching time 2, one TX in CC2 is switched back to CC1. During the switching time 1/2, the TX for CC1 is adjusting to the target CC. In this case, UE is not required to transmit uplink transmission in CC1 during UL TX switching time.
Observation 1: For switch between case1 and case2 for UEs with two uplink carriers, UE is not required to transmit uplink transmission in CC1 during UL TX switching time.

For CC2, since only one TX from CC1 is adjusted to CC2, the original TX in CC2 may not be impacted. For standalone SUL, according to the current spec, UE is not required to transmit uplink transmission on CC2 during switching time. For EN-DC without SUL and inter-band UL CA, from RAN1 perspective, UE can still transmit uplink transmission on CC2 with one TX during switching time. However, it is better to check with RAN4 whether this is applicable.
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[bookmark: _Ref20491619]Figure 1. Case1 and case2 switch for UEs with two uplink carriers.
Proposal 1: For switch between case1 and case2 for EN-DC without SUL and inter-band UL CA, RAN1 checks with RAN4 about whether UE can transmit uplink transmission with one TX on CC2 during TX switching time.
According to RAN4 discussion, basically, there are two ways to determine the location of switching period, one is to define in the RAN4 spec and another way is to follow network scheduling [2]. Both ways doesn’t require RAN1 spec impact, however it is better to keep a consistent solution with the current SUL mechanism because from RAN1 perspective, switching between Case 1 and Case 2 for inter-band CA and inter-band EN-DC without SUL is similar or even identical to switching between SUL and NUL.
Switching time between SUL and NUL defined in RAN4 is 0us or 140us depending on band combination [3]. UE expects network to spare enough time (i.e., larger than that defined by RAN4) for UEs to perform Case 1 and Case 2 switching. For SUL, the location of switching period between SUL and NUL is not reflected in RAN1 spec, which means the switching requirements will be satisfied by network scheduling. For switching between case 1 and case 2, the same way as SUL/NUL switching can be reused. 
Observation 2: There is no RAN1 spec impact on Case 1 and Case 2 switching time. 
Overlapping uplink scheduling in CC1 and CC2
Standalone SUL
Based on the current NR spec, UE is not expected to transmit uplink transmission in UL and SUL simultaneously. Thus, there is no overlapping uplink issue for standalone SUL. No RAN1 spec impact is expected.
Inter-band UL CA
For inter-band UL CA, both CC1 and CC2 are from the same scheduler. Network is capable to control both semi-static uplink transmission and dynamic uplink transmission in both CC1 and CC2. From this perspective, the simplest way is that network avoids overlapping between uplink transmission with 2 TX in CC2 and uplink transmission with 1 TX in CC1. No RAN1 spec impact is expected.
Observation 3: For inter-band UL CA, network avoids overlapping between uplink transmission with 2 TX in CC2 and uplink transmission with 1 TX in CC1. No RAN1 spec impact is expected.
Inter-band EN-DC without SUL
For typical EN-DC deployment, there is no tight coordination between LTE scheduler and NR scheduler. Merely relying on the network scheduling to avoid overlapping uplink scheduling is not practical. A semi-static TDM pattern for Case 1 and Case 2 can be defined to split the UL transmission occasions. 
In Rel-15 and the ongoing Rel-16, a TDM pattern has been specified for single TX operation. Network configures a TDD UL/DL configuration as the TDM pattern, which is used to split the UL transmission occasions between LTE and NR. As for switching between Case 1 and Case 2, the same TDM pattern can be reused to split UL transmission occasions into Case 1 and Case 2. 
Figure 2 shows an example of TDM pattern for Case 1 and Case 2 for EN-DC. Assuming that LTE carrier 1 is in a FDD band and NR carrier 2 is in a TDD band. The TDD UL/DL configuration for NR band is ‘DSUUDDSUUD’. Network configures the TDM pattern as TDD configuration #4, which is “DSUUDDDDDD”. In this example, the U subframes in the TDM pattern is reserved for Case 1 and the other subframes in the TDM pattern is reserved for Case 2. With this semi-static TDM pattern, network and UE can have the same understanding about the Case 1 and Case 2 switching.
As shown below, Rel-16 has reached agreements on single TX to handle the overlapping uplink transmission. Similar as the agreements reached in single TX, UE behaviors regarding overlapping uplink scheduling between CC1 and CC2 can be different depending on whether UE supports dynamic power sharing or not. 
	Agreements (RAN1#96):
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config
· For DL HARQ timing, the DL-reference UL/DL configuration is applied
· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference
· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 
· FFS: whether/how to support TDD pattern 0/6 for LTE PCell
· UE is not expected to transmit on the MCG and SCG simultaneously
· For type 2 UE (i.e., UE without dynamic power sharing capability):
· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration
· For type 1 UE (i.e., UE with dynamic power sharing capability): 
· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration
· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration
· If there is a collision, 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH
· In other UL subframes, UE behaviour to be expected to specified with details FFS
· E.g., drop LTE PUSCH, drop NR PUSCH, etc.
· FFS for the case of NR SRS & NR PRACH
· Note: the impact of switching time (if non-zero) will be further studied.
· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)
FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell)



For UEs not supporting dynamic power sharing (aka Type 2 UE), UE transmits all LTE uplink transmission (e.g., PUCCH and PUSCH) only in the UL subframes designated by the TDM pattern. Mostly, UE transmits NR uplink transmission (e.g., PUCCH and PUSCH) in the subframes other than the UL subframes designated by the TDM pattern. If there is tight coordination between LTE and NR and there is no LTE uplink transmission in the UL subframes designated by the TDM pattern, NR can also transmit uplink transmission in these UL subframes.
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Figure 2. TDM pattern for Case1 and case2 for EN-DC.
For UEs supporting dynamic power sharing (aka Type 1 UE), there is less scheduling restriction since UE can dynamically adjust the uplink transmission power in NR based on the LTE scheduling information. The following can be considered.
1. LTE PUCCH transmission is restricted within the UL subframes designated by the TDM pattern;
2. UE is allowed to transmit LTE PUSCH and NR PUSCH in all the UL subframes/slots in the respective carrier;
3. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in the UL subframes designated by the TDM pattern, UE is expected to drop NR PUSCH;
[bookmark: _GoBack]4. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in other UL subframes, UE is expected to drop LTE PUSCH.
Proposal 2: Reuse the TDM pattern defined in single TX for inter-band EN-DC without SUL Case 1 and Case 2 switching.
For UEs not supporting dynamic power sharing, UE is only allowed to transmit LTE PUCCH and PUSCH in the UL subframes designated by the TDM pattern;
For UEs supporting dynamic power sharing, UE is allowed to transmit LTE PUSCH and NR PUSCH in all the UL subframes/slots in the respective carrier. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in the UL subframes designated by the TDM pattern, UE is expected to drop NR PUSCH. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in other UL subframes, UE is expected to drop LTE PUSCH.
Pcmax for CC2
According to [4], CC2 in case 2 is linked to the support of 26dBm in practical and CC2 in case 1 is linked to 23dBm. Thus, switching between case 1 and case 2 means Pcmax transition. The Pcmax transition between case 1 and case 2 can be defined by RAN4. RAN1 spec only needs to refer to RAN4 spec.
Observation 4: For CC2, switching between case 1 and case 2 means Pcmax transition, which can be defined by RAN4. No RAN1 spec impact is expected.

Conclusion
In this contribution, we present our analysis on RAN1 impact on switch between case1 and case2 for two uplink carriers. The following observations and proposals have been made.
Observation 1: For switch between case1 and case2 for UEs with two uplink carriers, UE is not required to transmit uplink transmission in CC1 during UL TX switching time.
Observation 2: There is no RAN1 spec impact on switching time. 
Observation 3: For inter-band UL CA, network avoids overlapping between uplink transmission with 2 TX in CC2 and uplink transmission with 1 TX in CC1. No RAN1 spec impact is expected.
Observation 4: For CC2, switching between case 1 and case 2 means Pcmax transition, which can be defined by RAN4. No RAN1 spec impact is expected.
Proposal 1: For switch between case1 and case2 for EN-DC without SUL and inter-band UL CA, RAN1 checks with RAN4 about whether UE can transmit uplink transmission with one TX on CC2 during TX switching time.
Proposal 2: Reuse the TDM pattern defined in single TX for inter-band EN-DC without SUL Case 1 and Case 2 switching.
For UEs not supporting dynamic power sharing, UE is only allowed to transmit LTE PUCCH and PUSCH in the UL subframes designated by the TDM pattern;
For UEs supporting dynamic power sharing, UE is allowed to transmit LTE PUSCH and NR PUSCH in all the UL subframes/slots in the respective carrier. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in the UL subframes designated by the TDM pattern, UE is expected to drop NR PUSCH. If there is an overlapping between LTE PUSCH with 1 TX and NR PUSCH with 2 TX in other UL subframes, UE is expected to drop LTE PUSCH.
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