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Introduction
During RAN1#100bis-e meeting, most of the issues for UL Tx switching for inter-band CA and SUL have been finalized [1]. In this contribution, we provide our analysis and discussion for the remaining issues of UL Tx switching.
Discussion
Common issues for inter-band CA, EN-DC and standalone SUL
Operation with Tx switching is enhancement of operation without Tx switching
According to the WID (copied below), inter-band UL CA with Tx switching, standalone SUL with Tx switching and EN-DC with Tx switching are enhancement based on the existing UL CA/standalone SUL/ENDC without Tx switching [2], respectively. In other words, if a UE supports inter-band UL CA with Tx switching, standalone SUL with Tx switching or EN-DC with Tx switching, the UE must support inter-band UL CA/standalone SUL/EN-DC without Tx switching, respectively
	· 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.



As RAN1 has not explicitly discussed this issue, it is not sure whether the above understanding is the common understanding. We propose that RAN1 discusses this issue in this meeting and make a conclusion for it. With this, if the channel status is not suitable for UL CA with Tx switching, SUL with Tx switching or EN-DC with Tx switching, network can still fall-back the UE to the existing UL CA/ standalone SUL/ENDC without Tx switching, respectively.
Proposal 1: RAN1 makes conclusion that on the prerequisite of supporting Tx switching i.e.
· If a UE supports inter-band UL CA with Tx switching, the UE must support inter-band UL CA without Tx switching;
· If a UE supports EN-DC with Tx switching, the UE must support EN-DC without Tx switching;
· If a UE supports standalone SUL with Tx switching, the UE must support standalone SUL without Tx switching.

Collision handling
Regarding collision handling, 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.
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 from logical time perspective. 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 switching period from the actual time perspective. 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 2: 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.
PUCCH multiplexing issue
During RAN1#99 meeting, RAN1 achieved the following agreements that UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 for UL CA with Tx switching. Similarly, no concurrent transmission between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 is expected in the scenario of standalone SUL regardless of whether the UE is capable of simultaneousTxSUL-NonSUL.
	Agreements:
· For standalone SUL
· No such issue of concurrent transmission between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
· For inter-band UL CA, UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
· It is captured in RAN1 spec.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.

Agreements:
For inter-band UL CA, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.



Based on the above agreement, it implies that  1Tx PUCCH in carrier 1 and 2Tx PUSCH in carrier 2 where the PUCCH would finally multiplex in the PUSCH is supported since this does not result in simultaneous 1Tx and 2Tx transmission. Take the following Figure 1 as an example, DCI 1 schedules a PDSCH whose 1Tx PUCCH with HARQ-ACK will be transmitted in slot#4 on carrier1 and DCI 2 schedules a 2Tx PUSCH on carrier2. According to the above agreements, 1Tx PUCCH on carrier1 and 2Tx PUSCH on carrier2 may be considered as error scheduling. However, after UE performs PUCCH multiplexing in PUSCH, the overlapping 1Tx PUCCH on carrier1 and 2Tx PUSCH on carrier2 end up with one 2Tx PUSCH on carrier2. 
[image: ]
Figure 1 UL CA with Tx switching: 1Tx PUCCH multiplexes in 2Tx PUSCH
This kind of scheduling should be allowed as long as network guarantees sufficient time for UE to perform PUCCH multiplexing and Tx switching. In this example, the scheduling in Figure 1 should be allowed as both DCI 1 and DCI 2 are before Toffset, where Toffset is the time for UE to perform PUCCH multiplexing and Tx switching.
Proposal 3: RAN1 clarifies that the following scheduling is allowed for Tx switching for inter-band CA and standalone SUL.
· DCI 1 schedules a 1Tx PUCCH on carrier1 and DCI 2 schedules a 1-port or 2-port PUSCH on carrier2 that is overlapping with the PUCCH on carrier1;
· Both DCI 1 and DCI 2 are before T0-Toffset, where T0 is the earlier stating time between PUCCH and PUSCH, Toffset is the required time for performing PUCCH multiplexing as defined in TS 38.213.
· Carrier1 and carrier2 are within the same PUCCH group.
The more fundamental question of this issue is the processing order of determination of Tx switching and determination of PUCCH multiplexing. If UE performs determination of Tx switching before determination of PUCCH multiplexing, then the scheduling in Figure1 may not be supported. However, if UE performs determination of Tx switching after determination of PUCCH multiplexing, then the scheduling in Figure1 can be supported.
Proposal 4: RAN1 clarifies the processing order that the determination of Tx switching is done after determination of PUCCH multiplexing for Tx switching for inter-band CA and standalone SUL.
Location of the switching period
For SUL with Tx switching, it has been concluded that the case switching is determined per transmission occasion. For UL CA and EN-DC, it is still not decided whether it is per UL phase or per occasion.  In any case, it is still not clear where the switching period is located. There are the following potential understandings,
Understanding#1. The switching period is immediately after the previous UL transmission
Understanding#2. The switching period could be at any symbol between the previous UL transmission and the next UL transmission
Understanding#3. The switching period is immediately before the next UL transmission
Network and UE need to have the same understanding on where the switching period is. Thus, Understanding#2 is not applicable from this perspective. Understanding#1 is problematic as UE may not know whether it needs to switch or not at the time point when UE finishes the previous UL transmission. Based on the above analysis, only understanding#3 is feasible in practise.
If understanding#3 is the correct understanding, it seems that the location has nothing to do with the RRC parameter introduced by RAN4 (as shown below [5]) because UE can’t transmit uplink transmission on either carrier 1 or carrier 2. Further clarification of this issue is needed.
	· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers



If UL phase is not supported for Tx switching for inter-band UL CA, similar issue exists. The location of the switching period may impact the initial design of Tx switching, it is preferred to clarify this issue in this meeting.
Proposal 5: 
For standalone SUL with Tx switching, the switching period is immediately before the next UL transmission.
For inter-band UL CA with Tx switching, the switching period is immediately before the next UL transmission if UL phase is not supported.
· Clarify what the function of the RRC parameter introduced by RAN4 to configure the location of the switching period is in case that the UL switching is determined per transmission occasion.

Inter-band CA
RRC configuration of Option1 and Option2
During RAN1#100bis-e meeting, RAN1 agreed that UE reports via UE capability signalling which option (between Option 1 and Option 2) is supported. 
According to RAN2’s guidance on Rel-16 UE feature from R2-2002064, as shown below, RAN1 is expected to avoid defining functionality that has no RRC configuration but is dependent on capability bits. 
	5 	Avoid defining functionality that has no RRC configuration but is dependent on capability bits.
The specification should not be written so that the network determines what configuration it can use for a UE implicitly by the reported UE capabilities. Instead, the gNB should always configure the UE explicitly by DL RRC signalling, respecting  the reported capabilities. 
A problematic case in Rel-15 was the UL/DL MIMO layers,  which resulted in a late-stage introduction of explicit MIMO signalling support by RAN2 (maxLayersMIMO-Indication). In Rel-16, this is basically not feasible since a legacy gNB of course will not behave according to Rel-16 UE capabilities.  



In this case, an explicit RRC parameter is expected to differentiate Option1 and Option2 for UL CA with Tx switching. If a new RRC parameter cannot be introduced, we can consider reusing the existing parameter of switching period location instead.
Proposal 6: UE can report support of {Option1, Option2, Option1 and Option2} in UE capability signaling. An explicit RRC parameter is introduced to differentiate Option1 and Option2 for inter-band UL CA with Tx switching.
Presence of the switching period
During RAN1#100bis-e meeting, the following agreements on the presence of switching period were achieved. After extensive discussion, companies agreed to down select the following two options in this meeting. Option1 is to determine the presence of the switching period one time every transmission occasion and Option2 is to determine the presence of the switching period one time every UL phase.
	Agreements:
   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.



As also discussed in our previous contribution [3], Option1 offers higher scheduling flexibility and less restriction. However, Option1 is likely to introduce more frequent DL interruption caused by case switching, which has huge impact on the system performance. Besides, Option1 brings up more errors due to possible misalignment between gNB and UE. Furthermore, Option1 complicates the UE and gNB implementation as the case switch could happen at any symbol.
Option2 has less scheduling flexibility compared with Option1. However, Option1 could reduce the unnecessary case switch, which can reduce the potential misalignment between UE and network and increase the system performance due to the less frequent case switching. Moreover, Option2 is easier for UE and network implementation as the location of the switching period is semi-statically fixed. Network can perform semi-static coordinated scheduling to avoid UL transmission or DL interruption if possible switching period is fixed in particular locations
Based on the above analysis, we propose to agree with option2.
Proposal 7: Introduce UL phase for UL CA with Tx switching
· An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission.
· UE is not expected to switch the case within each UL phase.
· The location of switching period is at the boundaries of the UL phase. 
· If the location is configured on carrier 1, the switching period is located immediately before the start of the UL phase corresponding to the non-uplink symbols on carrier 2 and immediately after the end of the UL phase to the downlink symbols on carrier 2.  
· If the location is configured on carrier 2, the switching period is located immediately after the start of the UL phase corresponding to the uplink symbols on carrier 2 and immediately before the end of the UL phase to the uplink symbols on carrier 2.  

	Switch granularity
	Granularity = Transmission occasion

	Figures
	





	Analysis
	Pros:
1. Highest scheduling flexibility and 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 and gNB implementation.



	Switch granularity
	Granularity = UL phase of carrier 2
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	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



Indication of 1-port transmission via DCI format 0_1
During RAN1#100bis-e meeting [4], companies discussed the following FL proposal but end up with no conclusion.
	Proposal 7:
· 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.
· Down selection on the following two options in next meeting
· 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= is considered as 1 port transmission. 
· PUSCH transmission with all other TPMI, e.g., TPMI= and TPMI=, are considered as 2 ports transmission.
· Option 2: gNB configures 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.



Regarding option1 and option2 for the following FL proposal 7, there are some supporting reasons from both sides but it seems there is no major hindering factor to object either option. This feature by definition has non-transparency on UE Tx chain architecture since it specifically targets at supporting inter-band Tx switching between the case1 1Tx+1Tx and case 2 0Tx+2Tx. Since RAN4 has agreed that "Power class declaration will NOT be changed between case 1 and case 2.", it is pretty much limited to the architecture of [23dBm 23dBm] for PC 3 UEs. The argument to object option 1 due to non-transparent UE architecture seems not valid since gNB anyway knows the UE can only have 1Tx on carrier 2 during case 1. While for Option2, it is true that the original motivation for full Tx power mode 2 is for virtualization but then the signalling design also works for the usage of Tx switching.  Even under case 1, full power transmission can be achieved with single port SRS using 1Tx based on this PA architecture.  It is aligned with the capability of full power transmission.  In addition, TPMI reporting can be used to indicate the support of full power transmission for TPMIs including [1, 0] and [0, 1]. So it seems very natural to reuse the UE capability from full power transmission in eMIMO.   The benefit of Option1 over Option2 would be only one SRS is required. In any case, regardless which option to be adopted or even none of the Options is adopted, we need to further discuss the followings: 
- Clarify in the spec whether TPMIs [1, 0] and/or [0, 1] are regarded as 1 port or 2 port transmission. From our perspective, they are both 1-port transmission if it is not clarified.  
- Whether the spec allows Tx switching is supported together with Full Tx power mode 2. From our perspective, the spec does not need to prevent UEs from reporting the support of both. 
With the above analysis, we propose the following.
Proposal 8: Support 1-port UL transmission indicated by DCI Format 0_1 for UL CA with Tx switching.
·  If only one 2-port SRS resource is configured for codebook-based transmission on carrier 2,  
· PUSCH transmission with TPMI= is considered as 1 port transmission. 
· PUSCH transmission with all other TPMI, e.g., TPMI= and TPMI=, are considered as 2 ports transmission.
· If 2 SRS resources (with one 1-port resource and one 2-port resource) are configured for codebook-based transmission on carrier 2, the 1-port SRS resource is used for Case 1 and the 2-port SRS resource is used for Case 2.
· Support using the same UE capability signaling as that for UL full Tx power.
Timing of decision on Tx switching 
In RAN1#100bis-e, the following agreements were achieved for UL CA.
	Agreements:
· For UL CA
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 1-port transmission in carrier 1 and 2-port transmission in carrier 2, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 2-port transmission in carrier 2 and 1-port transmission in carrier 1, where  T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.



However, this has not been captured in the specification and some switching cases have been missed in the agreement since Option1 and Option2 of UL CA was still not decided when this agreement was made.  So we propose to simply extend this agreement to cover all the switching cases.

Proposal 9: Extend the agreement on the timing of decision on Tx switching to cover all switching cases for UL CA. i.e.
· For UL CA
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively case-1 transmission and case-2 transmission which needs switching period in between, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively case-2 transmission and case-1 transmission which needs switching period in between, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

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.  It’s also hard for UE to coordinate between LTE and NR modules. 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 LTE and NR.
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 10: 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 2 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 2 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 2 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 11: Switching period is located at the boundaries of the uplink phase. 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.
Standalone SUL
UE behaviours of simultaneousTxSUL-NonSUL
After some discussions during RAN1#100bis-e meeting, there is still no consensus on how to handle the UE behaviour related to simultaneousTxSUL-NonSUL for SUL with Tx switching. For simplicity, SUL with Tx switching is not expected to support simultaneous transmission of SRS in one carrier and other UL transmissions on another carrier.
Thus, at least the following two ways could be considered to handle this issue.
1. If UE is configured with SUL with Tx switching, network ignores this UE capability simultaneousTxSUL-NonSUL.
2. If UE is capable of simultaneousTxSUL-NonSUL, network is not expected to configure this UE with SUL with Tx switching.
Proposal 12: RAN1 further discusses UE behaviours related simultaneousTxSUL-NonSUL to for SUL with Tx switching considering the following two ways.
· If UE is configured with SUL with Tx switching, network ignores this UE capability simultaneousTxSUL-NonSUL.
· If UE is capable of simultaneousTxSUL-NonSUL., network is not expected to configure this UE with SUL with Tx switching.

TP
Based on the existing agreements/working assumptions and our proposals for Tx switching, we provide our TP for all the 3 scenarios.
Proposal 13: 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
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this sub-clause are met and the UE is configured with uplinkTxSwitchingPeriod-r16. The switching gap  is indicated by UE capability [UplinkTxSwitchingPeriod-r16]: 
[bookmark: _Hlk39056336]-	If a UE indicated a capability for uplink switching with [uplinkTxSwitchRequested-r16] for a band combination, and if it is for that band combination
[bookmark: _Hlk38539049]- 	Configured with a MCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC), or
-	Configured with uplink carrier aggregation, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink.
The conditions under which the switching gap may be present and the location of the switching gap are defined for each of the cases in sections 6.1.0.1, 6.1.0.2, and 6.1.0.3 respectively.

[Editor’s note: the references to 1-port and 2-port uplink need to be linked to the RRC configuration choosing which of the uplinks is which. The intention is to do it only once here when RAN2 agreement is in place, rather than repeat the RRC configuration parameter every time when needing to refer to one or the other carrier]

[Editor’s note: all the definitions assume exactly 2 uplink carriers, but this is not at this stage reflected in the 6.1.0. This is under discussion in RAN1#100bis. If the UE is allowed to be configured with more than 2 uplink carriers, definitions need to be updated. Also need to clarify if the three cases are mutually exclusive or not.]

[bookmark: _Toc11352102][bookmark: _Toc20317992]6.1.0.1	Uplink switching for EN-DC
For a UE indicating a capability for uplink switching with [uplinkTxSwitchRequested-r16] for a band combination, and if it is for that band combination configured with a MCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC):
[TBD – no agreements]
[-	When the UE is to transmit any NR uplink channel using two antenna ports [TBD when to evaluate the gap after LTE uplink]:
-	The UE is allowed to not transmit for the duration of  in the [TBD how to define the gap location].
-	When the UE is to transmit any NR uplink channel using two antenna ports [TBD when to tvaluate the gap before the LTE uplink]:
-	The UE is allowed to not transmit for the duration of  in the [TBD when to evaluate the gap before the LTE uplink].
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.]
6.1.0.2	Uplink switching for Carrier Aggregation
For a UE indicating a capability for uplink switching with [uplinkTxSwitchRequested-r16] for a band combination, and if it is for that band combination configured with uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter [uplinkTxSwitchingPeriod-r16],
-	If the previous uplink transmission is a 1-port transmission on one uplink carrier and When the UE is to transmit a 2-port transmission on one another uplink carrier in a next uplink transmission that takes place after a 1-port transmission on another uplink carrierassumed by the UE at , then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the 2-portnext uplink transmission is scheduled or configured to start.
-	If the previous uplink transmission is a 2-port transmission on one uplink carrier and When the UE is to transmit a 21-port transmission on one uplink carrier that is followed by a 1-port transmission on another uplink carrier in a next uplink transmission assumed by the UE at , then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the next uplink 1-port transmission is scheduled or configured to start
-    For the UE configured with [uplinkTxSwitchingOption1], if the previous uplink transmission is a 1-port transmission on one uplink carrier and when the UE is to transmit a 1-port transmission on one another uplink carrier in a next uplink transmission and if the previous uplink transmission was a 1-port transmission on another uplink carrier assumed by the UE at , then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the latter next uplink1-port transmission is scheduled or configured to start.
-	For the UE configured with [uplinkTxSwitchingOption2],  if the previous uplink transmission is a 1-port transmission on one uplink carrier and when the UE is to transmit a 2-port transmission on one the same uplink carrier in a next uplink transmission and if the previous uplink transmission was a 1-port transmission on the same uplink carrier assumed by the UE at   and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the next uplink1-port transmission is scheduled or configured to start.
-	For the UE configured with [uplinkTxSwitchingOption2], if the previous uplink transmission is a 1-port transmission on one uplink carrier and when the UE is to transmit a 1-port transmission on one another uplink carrier in a next uplink transmission and if the previous uplink transmission was a 1-port transmission on another uplink carrier assumed by the UE at  and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier as the previous uplink transmission, then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the next uplinklatter 1-port transmission is scheduled or configured to start.
-  where  is the start time of the first symbol of the next uplink transmission and  is the preparation procedure time of the next uplink transmission given in subclause 5.3, subclause 5.4, subclause 6.2.1, subclause 6.4 and in subclause 9 of [6, TS 38.213], respectively.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous 1-port transmission and 2-port transmission in the two uplink carriersto transmit simultaneously on two antenna ports on the first uplink carrier, and any transmission on the second uplink carrier.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
[Editor’s note: all the definitions assume exactly 2 uplink carriers This is under discussion in RAN1#100bis. If the UE is allowed to be configured with more than 2 uplink carriers, definitions need to be updated.
6.1.0.3	Uplink switching for Supplementary Uplink
For a UE not indicating a capability of simultaneousTxSUL-NonSUL for any carrier of a band combination and indicating a capability for uplink switching with [uplinkTxSwitchRequested-r16] for thea band combination, and if it is for that band combination configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink:
-	If the UE is configured with uplink switching with parameter [uplinkTxSwitchingPeriod-r16],
-	If the UE is to transmit any NR uplink channel in a next uplink transmission on a different uplink from the last transmission occasion assumed by the UE at , then the UE assumes that an uplink switching is triggered in a duration of switching gap  immediately before the next NR uplink transmission, where  is the start time of the first symbol of the transmission occasion of the NR uplink channel and  is the preparation procedure time of the transmission occasion of the NR uplink channel given in subclause 5.3, subclause 5.4, subclause 6.2.1, subclause 6.4 and in subclause 9 of [6, TS 38.213], respectively. During the switching gap , the UE is not expected to [be scheduled or configured to] transmit on any of the two uplinks.
- 	[When the UE is to transmit a 2-port transmission occasion on a non-SUL carrier, and if the previous uplink transmission occasion was a 1-port transmission, then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the 2-port transmission is scheduled or configured to start.]
- 	[When the UE is to transmit a 2-port transmission occasion on a non-SUL carrier followed by a an 1-port uplink transmission occasion on the SUL carrier, then the UE is not expected to [be scheduled or configured to] transmit for the duration of  on any of the two carriers [immediately before] the 1-port transmission is scheduled or configured to start.]
-	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 standalone SUL. To summarize, the following proposals are made.
Proposal 1: RAN1 makes conclusion that on the prerequisite of supporting Tx switching i.e.
· If a UE supports inter-band UL CA with Tx switching, the UE must support inter-band UL CA without Tx switching;
· If a UE supports EN-DC with Tx switching, the UE must support EN-DC without Tx switching;
· If a UE supports standalone SUL with Tx switching, the UE must support standalone SUL without Tx switching.

Proposal 2: 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 3: RAN1 clarifies that the following scheduling is allowed for Tx switching for inter-band CA and standalone SUL.
· DCI 1 schedules a 1Tx PUCCH on carrier1 and DCI 2 schedules a 1-port or 2-port PUSCH on carrier2 that is overlapping with the PUCCH on carrier1;
· Both DCI 1 and DCI 2 are before T0-Toffset, where T0 is the earlier stating time between PUCCH and PUSCH, Toffset is the required time for performing PUCCH multiplexing as defined in TS 38.213.
· Carrier1 and carrier2 are within the same PUCCH group.

Proposal 4: RAN1 clarifies the processing order that the determination of Tx switching is done after determination of PUCCH multiplexing for Tx switching for inter-band CA and standalone SUL.

Proposal 5: 
For standalone SUL with Tx switching, the switching period is immediately before the next UL transmission.
For inter-band UL CA with Tx switching, the switching period is immediately before the next UL transmission if UL phase is not supported.
· Clarify what the function of the RRC parameter introduced by RAN4 to configure the location of the switching period is in case that the UL switching is determined per transmission occasion.

Proposal 6: UE can report support of {Option1, Option2, Option1 and Option2} in UE capability signaling. An explicit RRC parameter is introduced to differentiate Option1 and Option2 for inter-band UL CA with Tx switching.

Proposal 7: Introduce UL phase for UL CA with Tx switching
· An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable for 2 ports transmission.
· UE is not expected to switch the case within each UL phase.
· The location of switching period is at the boundaries of the UL phase. 
· If the location is configured on carrier 1, the switching period is located immediately before the start of the UL phase corresponding to the non-uplink symbols on carrier 2 and immediately after the end of the UL phase to the downlink symbols on carrier 2.  
· If the location is configured on carrier 2, the switching period is located immediately after the start of the UL phase corresponding to the uplink symbols on carrier 2 and immediately before the end of the UL phase to the uplink symbols on carrier 2.  

Proposal 8: Support 1-port UL transmission indicated by DCI Format 0_1 for UL CA with Tx switching.
·  If only one 2-port SRS resource is configured for codebook-based transmission on carrier 2,  
· PUSCH transmission with TPMI= is considered as 1 port transmission. 
· PUSCH transmission with all other TPMI, e.g., TPMI= and TPMI=, are considered as 2 ports transmission.
· If 2 SRS resources (with one 1-port resource and one 2-port resource) are configured for codebook-based transmission on carrier 2, the 1-port SRS resource is used for Case 1 and the 2-port SRS resource is used for Case 2.
· Support using the same UE capability signaling as that for UL full Tx power.

Proposal 9: Extend the agreement on the timing of decision on Tx switching to cover all switching cases for UL CA. i.e.
· For UL CA
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively case-1 transmission and case-2 transmission which needs switching period in between, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively case-2 transmission and case-1 transmission which needs switching period in between, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

Proposal 10: 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 11: Switching period is located at the boundaries of the uplink phase. 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 12: RAN1 further discusses UE behaviours related simultaneousTxSUL-NonSUL to for SUL with Tx switching considering the following two ways.
· If UE is configured with SUL with Tx switching, network ignores this UE capability simultaneousTxSUL-NonSUL.
· If UE is capable of simultaneousTxSUL-NonSUL., network is not expected to configure this UE with SUL with Tx switching.

Proposal 13: 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}
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