Page 1
[bookmark: _Ref494746248][bookmark: _Ref4817]3GPP TSG RAN WG1 Meeting #100bis-e	R1-2001626
e-Meeting, April 20th –30th, 2020	

Source: 	ZTE Corporation
Title: 	Remaining Issues on Support of Tx Switching between Two Uplink Carriers
Agenda item:	5.1
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
During RAN1#100e meeting, after extensive discussion [1], companies reached some consensus on Tx switching for inter-band CA, although Option1 vs Option2 is still open. In this contribution, we present our views on Tx switching for inter-band CA, EN-DC and SUL.
Condition of the Existence of UL Switching Period
During RAN1#100e meeting, an issue on whether Tx switching is applicable to the scenarios where more than two uplink carriers are configured for the UE was brought up. As we can observe, the normative progress of Tx switching is behind schedule, to reduce the specification burden and facilitate the normative progress, Rel-16 could first support the scenario where only two uplink carriers are configured. In the future release, Tx switching with more than two uplink carriers can be further considered.
Proposal 1: If a UE is configured with Tx switching for inter-band CA, EN-DC or SUL, UE is not expected to be configured with more than two uplink carriers in Rel-16. 
The LS[3] from RAN4 asked RAN1 whether there is potential RAN1 specification impact if there is DL reception interruption in some scenarios.  We think that the DL reception interruption is embedded within the Tx switching period. It should be understood that if the location of Tx switching period is clear to the UE and gNB, it should be aligned on both sides where the DL interruption happens.  So there is no extra RAN1 specification impact and hence we propose to adopt our draft reply LS in [4].
[bookmark: _GoBack]Proposal 2: RAN1 sees no RAN1 specification impact provided that the DL reception interruption is embedded within the Tx switching period.
Inter-band CA
Issue1: Option1 vs Option 2
During RAN1#100e meeting, after extensive discussion on Option 1 and Option 2, companies still can’t converge on any of the following alternatives.
· Alt.1: Option 1 is supported
	
	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 


· Alt.2: Option 2 is supported
	
	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



· Alt.3: Both options are supported. UE can report which option is supported based on UE capability. 
Alt.1 is simple and the spec impact is clear. Compared with Alt.1, Alt.2 may be a little bit more complex. On the other hand, Alt.2 outperforms Alt.1 according to analysis and simulation. Alt.2 supports 1P+1P simultaneous transmission.  It also can reduce the number of Tx switches and hence reduce the overhead.  Therefore, both Alt.1 and Alt. 2 have its downsides and upsides. In terms of specification impact, both options have similar RAN1 spec impact as it is only the condition of case definition of Case 1  is different. For example, in section 3, we provide a TP to cover the description of both Options as follows:
Two cases are defined to represent two different operation states in a UE. 
Case 1: the UE can transmit 1-port transmission on Carrier1, 
· and/or the UE can transmit 1-port transmission on Carrier2 for the UE configured with [TxSwitchingOption2]; 
· and the UE cannot have any uplink transmission on Carrier2 for the UE configured with [TxSwitchingOption1].
Case 2: the UE can transmit 1-port or 2-port transmission on Carrier2 and the UE cannot have any uplink transmission on Carrier1.
Specifying both options would not introduce much extra specification work. Hence, Alt.3 seems to be a good compromise.    
Proposal 3: Support both option 1 and option 2. UE can report which option is supported based on UE capability. 
Issue2: Solution of Option 2
During RAN1#100e meeting, companies reached the following working assumption. It is noted that the working assumption can be revisited in this meeting with taking into consideration relevant RAN4 decisions on DL interruption for UL Tx switching.
	Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined. 
· Minimize RAN1 impact 
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3
	
	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 shown below, based on the agreed RAN4 way forward [1], DL interruptions are required depending on the duplex mode combinations and relevant UL capability. For the cases with DL interruption Option 2-3 in the above working assumption is preferred since it could reduce unnecessary Tx switching. Although there may be some cases that DL interruption is not necessary, to keep consistent solution between different cases and reduce the network/UE implementation complexity, adopting Option 2-3 for both the case with DL interruption and the case without DL interruption makes sense.
	· For the following duplex mode combinations, no DL reception interruption (carrier 1 + carrier 2):
· 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, define different capabilities for UEs with and without DL interruption depending on the RAN1 feedback.
· 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 UE does not report this capability, it means there is no DL interruption.
· For the band pairs listed in slide #7, encourage chipset/UE vendors to check before RAN4 #94bis if DL interruption can be avoided. 
· Send LS to RAN1 and ask RAN1’s feedback on RAN1 spec impact if there is DL reception interruption in some scenarios.



Proposal 4: Confirm the following working assumption.
	Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined. 
· Minimize RAN1 impact 
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3
	
	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






Issue3: Granularity of case switch 
The typical use case for inter-band CA with Tx switching between two uplink carriers is that carrier 2 is a TDD carrier. The system performance can be boosted via uplink MIMO transmission on carrier 2. Considering the limited UL symbols in TDD carrier 2, companies proposed that UE is not expected to switch the case during one certain granularity in order to minimize the impact of Tx switching. 
There are at least the following four approaches to define the case switch granularity:
1. Granularity = Transmission occasion;
2. Granularity = Slot duration with smaller numerology;
3. Granularity = Slot duration with higher numerology;
4. Granularity = UL phase of carrier 2.
Analysis on each granularity is presented below.
	Switch granularity
	Granularity = Transmission occasion

	Figures
	





	Analysis
	Pros:
1. Highest scheduling flexibility;
2. Less restriction on network scheduling algorithm;
Cons:
1. Frequent Case switching, system performance may not be guaranteed due to excessive overhead. 
2. To guarantee the system performance, network may split the Case1 and Case2 semi-statically, which negates the benefit of scheduling flexibility.
3. May have ambiguity on where the switching period is.  More errors may occur due to possible misalignment between gNB and UE.
3. The switching period could be at any duration within a slot, which complicates the UE implementation.



	Switch granularity
	Granularity = Slot duration with smaller numerology
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	Analysis
	Pros:
1. The switching period could be placed at the beginning/end of the slot, which is UE implementation friendly.
Cons:
1. For Option1, there may be some unnecessary UL resource waste (e.g., as the × shown above);



	Switch granularity
	Granularity = Slot duration with higher numerology

	Figures
	




	Analysis
	Pros:
1. The switching period could be placed at the beginning/end of the slot, which is UE implementation friendly.
Cons:
1. It is not clear how to handle the UL symbols in the ‘S’ slot.
2. Less flexible scheduling



	Switch granularity
	Granularity = UL phase of carrier 2

	Figures
	




	Analysis
	Pros:
1. Maximize the system performance.
2. Reduce unnecessary case switches and potential misalignment on where the switching period is.  
3. It’s easy for network and UE to implement this.
Cons:
1. Less flexible scheduling



Based on the above analysis, since the purpose of maintaining the same case during each UL phase is to boost the system performance via uplink MIMO transmission on carrier 2, the UL phase can be defined as consecutive UL symbols in TDD carrier which is capable for 2-port transmission. UE determines whether to switch the case based on a UL phase basis.
Proposal 5: An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission.
Issue4: Codebook-based UL transmission and non-codebook-based UL transmission
It’s clear that PUCCH transmission and PUSCH scheduled by DCI 0_0 should be considered as 1-port transmission. However, it’s tricky that whether PUSCH transmission based on TPMI [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps3E85.tmp.png] is considered as 1-port transmission or 2-port transmission. Although [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps3E85.tmp.png] is a 2-port TPMI, it only requires one port for transmission since the precoding weight for the second port is zero. With this assumption, DCI Format 0_1 can be used in 1-port UL transmission in carrier 2 when 2-port SRS is configured for codebook-based transmission. Otherwise, it is too restrictive if we cannot use DCI Format 0_1 to schedule 1-port transmission in Case 1 in carrier 2 given that DCI Format 0_1 also provides other functionalities (e.g. SRS/CSI request, TPC command, dynamic BWP switching, etc.) that DCI Format 0_0 cannot support. To maintain the system flexibility and avoid unnecessary case switch, PUSCH transmission based on TPMI [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps3E85.tmp.png] should be considered as 1-port transmission so that 1-port transmission in carrier 2 scheduled by DCI Format 0_1 is allowed in Case 1.
Proposal 6: PUSCH transmission based on TPMI [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps3E85.tmp.png] is considered as 1-port transmission.

Issue5: Collision
During RAN1#100e meeting, the following agreements on collision handling was reached. The common understanding is UE is not required to transmit during the switching period. However, the remaining issue is whether the gNB needs to guarantee that no uplink is scheduled in the switching period.
	Agreements:
· 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.



Although it may increase the scheduling and configuring complexity, it is possible for the network to ensure that no uplink transmission is scheduled or configured in the switching period at least for logical time. However, considering the time difference between the two uplink carriers, UE may still need to handle the case when uplink transmission is scheduled or configured overlapping with the actual switching period. From this perspective, network may try to avoid any collision issues, however it still makes sense to define the UE behaviours once collision happens.
Regarding the collision handling, the collision handling mechanism from SFI could be reused, e.g., dropping the whole PUSCH/PUCCH transmission and dropping part of the SRS. For PRACH, it could be prioritized over the case switching if possible. 
Proposal 7: 
UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period.
· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.

EN-DC
Unlike inter-band CA, it is hard for network to guarantee tight coordination between eNB and gNB. In other words, it is hard for eNB and gNB to coordinate whether UE shall be in Case 1 or in Case 2 in the next UL phase. Considering the coordination challenge, one simple and safe way to support Tx switching is to semi-statically split symbols for Case 1 and Case 2.
Both Rel-15 and Rel-16 single Tx introduce TDM pattern to split the UL subframes for LTE leg and NR leg. The TDM pattern mechanism defined for single Tx can be reused for Tx switching for EN-DC. To split symbols for Case 1 and Case 2, the UL subframes designated by TDM pattern are reserved for Case 1 and the other subframes (including “S” and “D” subframes) are reserved for Case 2. In this way, network and UE can keep the same understanding of Case 1 and Case 2 without requirement of tight coordination between eNB and gNB.
Another issue is whether to reuse the Rel-15 or Rel-16 single Tx mechanism. Rel-15 single Tx mechanism is a semi-static split between LTE leg and NR leg, while Rel-16 single Tx mechanism is more like dynamic split between LTE leg and NR leg since LTE UL transmission is not restricted within UL subframes designated by TDM pattern. Even if we reuse the Rel-16 single Tx mechanism, since the UL subframes and other submframes designated by TDM pattern are reserved for Case 1 and Case 2, respectively, UE can only transmit UL in carrier 2 under Case 2. In other words, UE still cannot transmit LTE uplink in other subframes. Even if we reuse Rel-16 single Tx, it falls back to Rel-15 single Tx mechanism anyway. Thus, compared with Rel-16 mechanism, Rel-15 single Tx mechanism is preferred for Tx switching for EN-DC.
Based on the above analysis, the following proposal is made.
Proposal 8: To support Tx switching between two uplink carriers for EN-DC, 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 transmission.
· NOTE: No change to LTE operation
· NOTE: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration

Figure 1 is an example of reusing single Tx TDM pattern for Tx switching between carrier 1 and carrier 2. Carrier 1 is a LTE FDD carrier (SCS=15 KHz) and carrier 2 is a NR TDD carrier (SCS=30 KHz). The slot configuration of carrier 2 is “DDDSU DDSUU”. The TDM pattern is TDM conf. 0 with 2 slot shift via HARQ-offset. The UL subframes/slots overlapping with the UL subframes designated by TDM pattern are in Case 1 and the other subframes/slots are in Case 2. In this example, the slot#0 to slot#5 including the first UL phase in NR carrier is in Case 1 and the slot#6 to slot#9 including the second UL phase in NR carrier is in Case 2.
[image: ]
Figure 1 TDM pattern for Tx switching.
For EN-DC, the switching period is fixed at NR carrier for Tx switching between two uplink carriers. It is not clear whether the switching period has to be included in the UL phase. Take Figure 1 for illustration, slot#0 to slot#5 are in Case 1, UE can transmit 1-port UL transmission in carrier 1 and/or carrier 2. Slot#6 to slot#9 are in Case 2, UL can transmit 1-port or 2-port UL transmission in carrier 2, i.e., no UL transmission in carrier 1 is expected. However, considering the slot configuration of carrier 2, only slot#8, slot#9 and part of slot#7 can be used for UL transmission. In this example, slot#6 and part of the slot#7 cannot be used for UL transmission in either carrier 1 or carrier 2. If the switching period can be put into this time duration (before the UL phase), the system performance impact due to the switching can be reduced.
Proposal 9: RAN1 clarifies whether switching period can be put into the time duration outside the UL phase for EN-DC, e.g., the time duration where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.
SUL
For SUL, the case switch is determined per transmission occasion. As the transmission occasion could happen in any symbol within a slot (e.g., mini-slot transmission), it is not clear where the switching period is located. If case switch for EN-DC and CA is also determined per transmission occasion, then the same question needs to be discussed for all three scenarios for Tx switch. 
Basically, for a scheduled UL transmission that triggers case switch, the switching period could be placed at least at the following position:
Alt.1. The switching period is placed before the UL transmission which triggers Tx switch.
Alt.2. The switching period is placed after the scheduling DCI.
Alt.3. The switching period is placed between the scheduling DCI and the UL transmission.
Alt.4. The switching period is restricted to be placed in slot boundary or UL phase boundary. 
This is an essential issue to be discussed since the location of the switching period has great impact on network scheduling, e.g., network needs to avoid scheduling any uplink transmission during the switching period. This is also related to the issue is what the configured location of switching period means in SUL scenario provided that a RRC parameter has been agreed to allow the network to configure the location between carrier 1 and carrier 2.  It is desirable if all the three scenarios have the same restriction on the potential locations i.e. slot boundary or UL phase boundary in Alt.4.
Proposal 10: Further discuss the location of switching period for Tx switching.
Alt.1. The switching period is placed before the UL transmission.
Alt.2. The switching period is placed after the scheduling DCI.
Alt.3. The switching period can be placed anywhere between the scheduling DCI and the UL transmission.
Alt.4. The switching period is restricted to be placed in slot boundary or UL phase boundary.
During RAN1#100e meeting, an issue on whether to support simultaneous transmission on SUL and non-SUL was discussed. In Rel-15, it is guaranteed by the network implementation that SUL carrier and non-SUL carrier are not expected to transmit uplink signals simultaneously except for one UE capability, i.e., simultaneousTxSUL-NonSUL. 
	simultaneousTxSUL-NonSUL
Indicates whether the UE supports simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell.
	FS
	No
	No
	No



For UE supporting simultaneousTxSUL-NonSUL, if Option 1 (i.e., no simultaneous transmission between SUL and non-SUL) is adopted for Tx switching of SUL, it is difficult to determine the current case of UE. For example, if only 1-port SRS on non-SUL carrier is scheduled, UE may need to switch to Case 2; however, if both 1-port PUSCH on SUL carrier and 1-port SRS on non-SUL carrier are scheduled, UE may need to switch to Case 1. In this case, simultaneous transmission on two carriers in Case 1 should be supported. This is similar to the discussion on supporting Option 2 in CA scenario.  We should consider supporting similar Option 2 framework for the UEs supporting simultaneousTxSUL-NonSUL. Further discussion on this issue is needed.
Proposal 11: Further discuss how to use Option 2 framework to support Tx switching mechanism for UEs supporting simultaneousTxSUL-NonSUL in SUL scenario.
TP
Based on the existing agreements/working assumptions and our proposals for Tx switching, we provide our TP which provides unified framework for all the 3 scenarios.  For all three scenarios, the UE can report to support Option1 and/or Option2.  For SUL, Option2 can be supported only for the UEs supporting simultaneousTxSUL-NonSUL.
Proposal 11: Adopt the TP1 for introducing Tx switching for EN-DC, CA and SUL in Section 3.
TP1: {TS38.214 Section: 6.1.0 Uplink switching}

	6.1.0 	Uplink switching
When the UE fulfills one of the following conditions, it may omit uplink transmission during the uplink switching period  defined in Table 6.1.0-1: 
-	A UE indicating a capability [TxSwitchingOption1OrOption2] and configured with EN-DC operation, or
-	A UE indicating a capability [TxSwitchingOption1OrOption2] and configured with UL CA operation, or
-	A UE indicating a capability [TxSwitchingOption1OrOption2] and configured with supplementary UL.
Table 6.1.0: Switching period  
	Switching period [Tc]
	[35us,140us,210us]

	
	


Two uplink carriers are involved in the operation of uplink switching. Carrier1 is a 1-port uplink carrier in which the UE is capable of only 1-port uplink transmission. Carrier2 is a 2-port uplink carrier in which UE is capable of both 1-port and 2-port uplink transmission.
-  In case of EN-DC, the carrier in MCG is Carrier1 and the carrier in SCG is Carrier2.  
-  In case of supplementary uplink (SUL), the SUL carrier is Carrier1 and the non-SUL carrier is Carrier2.
Two cases are defined to represent two different operation states in a UE. 
Case 1: the UE can transmit 1-port transmission on Carrier1, 
· and/or the UE can transmit 1-port transmission on Carrier2 for the UE configured with [TxSwitchingOption2]; 
· and the UE cannot have any uplink transmission on Carrier2 for the UE configured with [TxSwitchingOption1].
Case 2: the UE can transmit 1-port or 2-port transmission on Carrier2 and the UE cannot have any uplink transmission on Carrier1.
-  An UL phase is defined as consecutive UL symbols in the Carrier2.
-	2-port transmission includes 2-port SRS transmission and codebook-based UL transmission using two antenna ports except that TPMI index 0 is used for single-layer transmission, for which is considered as 1-port transmission. 
The conditions under which the switching period may be present and the location of the switching gap are defined as follows:
-	If switching period is configured on the Carrier1 with parameter [TxSwitchingLocation] for the UE configured with UL CA operation or SUL operation,
-	If the UE is under Case 1 before an UL phase and the UE is to transmit an UL transmission in the UL phase which can only be done under Case 2, then the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch before the first symbol of the UL phase.
-	If the UE is to transmit a 1-port transmission on the Carrier1 after an UL phase under Case 2, the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch after the last symbol of the UL phase.
-	If the UE is under Case 2 before an UL phase and the UE is to transmit a 1-port transmission on Carrier1 in the UL phase, then the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch before the first symbol of the UL phase.
-	If the UE is configured with EN-DC operation, or if switching period is configured on the Carrier2 with parameter [TxSwitchingLocation] for the UE configured with UL CA operation or SUL operation, 
-	If the UE is under Case 1 before an UL phase and the UE is to transmit an UL transmission in the UL phase which can only be done under Case 2, then the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch in the beginning of the UL phase.
-	If the UE is to transmit a 1-port transmission on the 1-port uplink carrier after an UL phase under Case 2, then the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch in the end of the UL phase.
-	If the UE is under Case 2 before an UL phase and the UE is to transmit a 1-port transmission on the Carrier1 in the UL phase, then the UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period of Tc for the case switch in the beginning of the UL phase.
-	The UE does not expect to be scheduled or configured to transmit simultaneously on two antenna ports on the Carrier2, and any transmission on the Carrier1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.



Conclusion
In this contribution, we present our views on Tx switching for inter-band CA, EN-DC and SUL. To summarize, the following proposals are made.
Proposal 1: If a UE is configured with Tx switching for inter-band CA, EN-DC or SUL, UE is not expected to be configured with more than two uplink carriers in Rel-16. 
Proposal 2: RAN1 sees no RAN1 specification impact provided that the DL reception interruption is embedded within the Tx switching period.
Proposal 3: Support both option 1 and option 2. UE can report which option is supported based on UE capability. 
Proposal 4: Confirm the following working assumption.
	Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined. 
· Minimize RAN1 impact 
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3
	
	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






Proposal 5: An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission.
Proposal 6: PUSCH transmission based on TPMI [image: C:\Users\10240317\AppData\Local\Temp\ksohtml\wps3E85.tmp.png] is considered as 1-port transmission.

Proposal 7: 
UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period.
· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.

Proposal 8: To support Tx switching between two uplink carriers for EN-DC, 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 transmission.
· NOTE: No change to LTE operation
· NOTE: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration

Proposal 9: RAN1 clarifies whether switching period can be put into the time duration outside the UL phase for EN-DC, e.g., the time duration where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.

Proposal 10: Further discuss the location of switching period for Tx switching.
Alt.1. The switching period is placed before the UL transmission;
Alt.2. The switching period is placed after the scheduling DCI;
Alt.3. The switching period is placed within the scheduling DCI and the UL transmission.
Alt.4. The switching period is restricted to be placed in slot boundary or UL phase boundary.

Proposal 11: Further discuss how to use Option 2 framework to support Tx switching mechanism for UEs supporting simultaneousTxSUL-NonSUL in SUL scenario.

Proposal 12: Adopt the TP1 for introducing Tx switching for EN-DC, CA and SUL in Section 3.
Reference
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