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After extensive discussion during Q1 and Q2, the framework and most of the details of UL Tx switching for UL CA, EN-DC and SUL are stable now. In this contribution, the discussion and analysis on remaining maintenance issues on UL Tx switching for UL CA, EN-DC and SUL are presented.
Discussion
Common Issues for all UL Tx Switching scenarios
In this clause, the issues common to UL Tx switching for UL CA, EN-DC and SUL are discussed. 
Location of the switching period
In RAN4#92bis, the following agreement about the location of switching period has been reached R4-1913040.
	· 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



However, it is not clear what it means when the location of the switching period is on one carrier if we consider that UE is not expected to transmit on both carriers in switching period.  In RAN1#101-e, the following agreement on limiting one UL Tx switching per slot has been reached. 
	Agreement:
For inter-band UL CA, SUL and EN-DC, a UE does not expect to perform more than one UL Tx switching in a slot with larger SCS between two uplink carriers. 



There was some discussion about the exact location of switching period but no consensus has been reached.  Then it is still not clear where the switching period is located.  There are the following potential understandings,
Understanding#1. The switching period could be at any symbol between the previous UL transmission and the next UL transmission
Understanding#2. The switching period is immediately after the previous UL transmission
Understanding#3. The switching period is immediately before the next UL transmission
Understanding#4. The switching period is located in some possible fixed locations e.g. slot boundary 
Without defining the location of switching period in the spec, it tends to mean understanding#1 is the current understanding.  However, network and UE need to have the same understanding on exactly where the switching period is.  Otherwise, it is hard for the network to avoid any transmission in the switching period, including UL transmission and DL transmission for avoiding DL interruption.  Thus, Understanding#1 is not applicable from this perspective. Understanding#2 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, we think only understanding#3 and understanding#4 are feasible in practice.  If switching period is fixed in certain locations, it would reduce the complexity in both UE perspective and network perspective so that scheduling avoidance is needed only in certain locations.  In particular, the following proposal was discussed in RAN1#101-e which can be understood as understanding#4 with more details.
	If the configured location of switching period is carrier 1, 
    - If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
If the configured location of switching period is carrier 2, 
    - If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.



It seems this issue can be discussed in either RAN1 or RAN4. It was stated in the WID that “Strive to avoid defining location of switching period impacting RAN1 spec”. So it may make more sense to define the location in RAN4 spec instead. But if companies can have consensus in RAN1, we are also fine to solve this issue in RAN1 spec.   
Proposal 1: 
If companies have consensus to define the location of switching period in RAN1, discuss the following proposal as one of the potential solutions in RAN1.
· If the configured location of switching period is carrier 1, 
· If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
· If the configured location of switching period is carrier 2, 
· If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.

TP for an ambiguity issue on SCS 
During RAN1#101e, the following agreements were reached. To avoid frequent UL switching, a UE does not expect to perform more than one UL Tx switching in a slot with larger SCS between two uplink carriers.
	Agreements:
· For inter-band UL CA, SUL and EN-DC, a UE does not expect to perform more than one UL Tx switching in a slot with larger SCS between two uplink carriers. 



In the current specification, the following description is adopted to reflect the above agreements. However, the current description is not clear due to the following two reasons. (1) The “subcarrier spacing of the uplink transmitted before the switching gap” and “subcarrier spacing of the uplink transmitted after the switching gap” are ambiguous in case when there are UL transmissions in both carriers, especially when the subcarrier spacings of the uplink transmitted in these two carriers are different. (2) The SCS of the uplink carrier should be determined by the SCS of the active UL BWP, instead of the uplink transmission. If the uplink transmission is PRACH, the SCS of the uplink transmission (i.e., PRACH) may be different from the SCS of the active UL BWP.
	The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL,carrier1, µUL,carrier2), where the µUL,carrier1 corresponds to the subcarrier spacing of the uplink transmitted before the switching gap and the µUL,carrier2 corresponds to the subcarrier spacing of the uplink transmitted after the switching gap.



We propose the following TP to resolve the above ambiguity issue.
Proposal 2: Adopt the following TP1 for 38.214 UL Tx switching.
TP1: {38.214, 6.1.6 Uplink switching}
	The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL,carrier1, µUL,carrier2), where the µUL,carrier1 corresponds to the subcarrier spacing of one uplink carrierthe uplink transmitted before the switching gap and the µUL,carrier2 corresponds to the subcarrier spacing of the other uplink carrier uplink transmitted after the switching gap.



UL CA
During RAN1#100bis-e and RAN1#101-e meeting, although companies extensively discussed the issue on indication of 1-port transmission on carrier2 via DCI format 0_1 for CA Option2, the issue is still open due to the divergent preference of different solutions. Though, a number of variant proposals have been discussed during RAN1#101-e meeting, most of them can be considered as the combinations or variants of the following two options.  Supporting this feature is crucial. Otherwise, scheduling 1-port transmission in Case 1 may be restricted to only DCI format 0_0, where a lot of unnecessary restrictions are applied. So this should be also one of remaining issues to be resolved. Thus, in this contribution, we present our further analysis based on the following two options. 
	· 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.



These two options have their own merits. Option 1 does not require UE to support two SRS resources while Option 2 does not cause extra complexity if the UE supports mode 2 of the full Tx power transmission in Rel-16.  In any case, regardless which option to be adopted, we need to further discuss the followings: 
1. It is not clear in the current spec whether TPMI [1, 0] can be applied to the PUSCH transmission in Case 1. From our perspective, this is possible if it is not clarified.   
2. Whether the spec allows Tx switching is supported together with Full Tx power mode 2, where one 1-port SRS resource and one 2-port SRS resource are configured in the SRS resource set for codebook based PUSCH transmission. If it is allowed, whether extra specification is needed. If this full power mode 2 is used along with Tx Switching, full Tx power should be supported for PUSCH transmission based on 1-port SRS resource. However, this cannot be always guaranteed by the UE for 1-port transmission in case 1 and case 2.  In order to have consistent maximum Tx power on transmission based on 1-port SRS resource, restriction of such transmission for case 1 should be applied.     
With the above analysis and based on the discussion in RAN1#101-e, we have the following proposal with different wording from the original Option1 and Option2.
Proposal 3: 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= can be supported in Case 1 i.e. when the Tx chain state is 1Tx on carrier 2. 
· PUSCH transmission with all other TPMIs can only be supported in Case 2 i.e. when the Tx chain state is 2Tx on carrier 2..
· 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.

EN-DC
During RAN1#101e meeting, two options have been defined for UL Tx switching for EN-DC as the following agreements shown. For Option2, UE is expected to be able to simultaneously transmit in LTE and NR if NR is scheduled or configured with 1 port PUSCH/PUCCH/SRS. 
	Agreements
· For EN-DC, if UE reports via capability signaling to support uplink Tx switching, UE further reports via per BC capability signaling which one (Option 1, or Option 2, [or Option 1+Opiton 2]) is supported.
        When the UE is configured with Option 1: UE is not expected to transmit on both NR and LTE UL simultaneously. If there is any NR UL transmission overlapping with a LTE UL transmission, the NR UL transmission is dropped.
        When the UE is configured with Option 2: UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is scheduled or configured with 1 port PUSCH/PUCCH/SRS transmission.
 
Agreements
· For EN-DC, if UE is configured with UL Tx switching, switching period is required in the following cases
        In case of Option1 configuration
o    For a LTE UL transmission, the last UL transmission is a NR transmission.
o    For a NR UL transmission, the last UL transmission is a LTE transmission.
        In case of Option2 configuration
o    For a LTE UL transmission, the last UL transmission is a NR 2-port transmission.
o    For a NR 2-port UL transmission, the last UL transmission is a LTE transmission.



The first issue for Option2 for clarification is whether UE is allowed to have 1-port LTE UL transmission plus 1-port NR PRACH simultaneously. The current agreements made in RAN1#101e seems to preclude the 1-port NR PRACH. However, it seems no technical justification to preclude NR PRACH. Thus, we make the following proposal.
Proposal 4: Clarify the RAN1#101e agreements as below.
Note: No specification update is needed as the current spec doesn’t preclude PRACH in this case.
	Agreements
· For EN-DC, if UE reports via capability signaling to support uplink Tx switching, UE further reports via per BC capability signaling which one (Option 1, or Option 2, [or Option 1+Opiton 2]) is supported.
        When the UE is configured with Option 1: UE is not expected to transmit on both NR and LTE UL simultaneously. If there is any NR UL transmission overlapping with a LTE UL transmission, the NR UL transmission is dropped.
        When the UE is configured with Option 2: UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is scheduled or configured with 1 port PUSCH/PUCCH/SRS/PRACH transmission.



Another aspect is that the current switching mechanism for EN-DC Option2 is not complete, there are still some other cases need to be addressed.
1. For a LTE UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 2;
2. For a NR 2-port UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 1;
Basically, after addressing the above two cases for EN-DC Option2, the EN-DC Option2 is the same as the UL CA Option2. To reduce the implementation effort and reuse the existing design as much as possible, it is proposed to define the UE behaviours of EN-DC Option2 the same UL CA Option2. Thus, we make the following proposal.

Proposal 5: Update the RAN1#101e agreements as below.
	Agreements
· For EN-DC, if UE is configured with UL Tx switching, switching period is required in the following cases
        In case of Option1 configuration
o    For a LTE UL transmission, the last UL transmission is a NR transmission.
o    For a NR UL transmission, the last UL transmission is a LTE transmission.
        In case of Option2 configuration
o    For a LTE UL transmission, the last UL transmission is a NR 2-port transmission.
o    For a NR 2-port UL transmission, the last UL transmission is a LTE transmission.
o    For a LTE UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 2.
o    For a NR 2-port UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 1.



With the above proposal, the corresponding TP can be compiled as below.
Proposal 6: Adopt the following TP2 for 38.214 UL Tx switching.
TP2: {38.214, 6.1.6.1 Uplink switching for EN-DC}
	[bookmark: _Toc11352102][bookmark: _Toc20317992]6.1.6.1	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),  if the UE is configured with uplink switching with parameter uplinkTxSwitchingPeriod-r16,
· for the UE configured with option1 by the parameter uplinkTxSwitchingOption, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
· when the UE is to transmit an NR uplink that takes place after an E-UTRA uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· the UE is not expected to transmit simultaneously on the NR uplink and the E-UTRA uplink. If the UE is scheduled or configured to transmit any NR uplink transmission overlapping with an E-UTRA uplink transmission, the NR uplink transmission is dropped, 

· for the UE configured with option2 by the parameter uplinkTxSwitchingOption, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
· when the UE is to transmit an NR two-port uplink that takes place after an E-UTRA uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR two-port uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR one-port uplink on anther uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers
· when the UE is to transmit an NR two-port uplink that takes place after an NR one-port uplink on the same carrier and the UE is under the operation state in which 2-port transmission cannot be supported, then the UE is not expected to transmit for the duration of  on any of the two carriers
· the UE is not expected to transmit simultaneously a two- port transmission on the NR uplink and the E-UTRA uplink.



SUL
After some discussions during RAN1#100bis-e and RAN1#101-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 7: RAN1 further discusses UE behaviours related simultaneousTxSUL-NonSUL to for SUL with Tx switching considering the following two alternatives.
· Alt.1: If UE is configured with SUL with Tx switching, network ignores this UE capability simultaneousTxSUL-NonSUL.
· Alt2: If UE is capable of simultaneousTxSUL-NonSUL., network is not expected to configure this UE with SUL with Tx switching.

If Alt.1 is adopted then the following TP can be considered.
Proposal 8: Adopt the following TP3 for 38.214 UL Tx switching.
TP3: {38.214, 6.1.6.3 Uplink switching for Supplementary Uplink}
	6.1.6.3	Uplink switching for Supplementary Uplink
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 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,
[bookmark: _Hlk42187124]-	If the UE is to transmit any uplink channel or signal on a different uplink from the preceding transmission occasion based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap , where  is the start time of the first symbol of the transmission occasion of the uplink channel or signal and  is the preparation procedure time of the transmission occasion of the uplink channel or signal 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 transmit on any of the two uplinks.
-	For a UE indicating a capability simultaneousTxSUL-NonSUL, the UE is not expected to transmit simultaneously SRS on an uplink carrier and PUSCH/PUCCH/SRS on another uplink carrier in the same cell.



Conclusion
In this contribution, we present the following proposals and TPs for UL Tx switching.
Proposal 1: 
If companies have consensus to define the location of switching period in RAN1, discuss the following proposal as one of the potential solutions in RAN1.
· If the configured location of switching period is carrier 1, 
· If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
· If the configured location of switching period is carrier 2, 
· If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.

Proposal 2: Adopt the following TP1 for 38.214 UL Tx switching.
TP1: {38.214, 6.1.6 Uplink switching}
	The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL,carrier1, µUL,carrier2), where the µUL,carrier1 corresponds to the subcarrier spacing of one uplink carrierthe uplink transmitted before the switching gap and the µUL,carrier2 corresponds to the subcarrier spacing of the other uplink carrier uplink transmitted after the switching gap.



Proposal 3: 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= can be supported in Case 1 i.e. when the Tx chain state is 1Tx on carrier 2. 
· PUSCH transmission with all other TPMIs can only be supported in Case 2 i.e. when the Tx chain state is 2Tx on carrier 2..
· 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 4: Clarify the RAN1#101e agreements as below.
Note: No specification update is needed as the current spec doesn’t preclude PRACH in this case.
	Agreements
· For EN-DC, if UE reports via capability signaling to support uplink Tx switching, UE further reports via per BC capability signaling which one (Option 1, or Option 2, [or Option 1+Opiton 2]) is supported.
        When the UE is configured with Option 1: UE is not expected to transmit on both NR and LTE UL simultaneously. If there is any NR UL transmission overlapping with a LTE UL transmission, the NR UL transmission is dropped.
        When the UE is configured with Option 2: UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is scheduled or configured with 1 port PUSCH/PUCCH/SRS/PRACH transmission.



Proposal 5: Update the RAN1#101e agreements as below.
	Agreements
· For EN-DC, if UE is configured with UL Tx switching, switching period is required in the following cases
        In case of Option1 configuration
o    For a LTE UL transmission, the last UL transmission is a NR transmission.
o    For a NR UL transmission, the last UL transmission is a LTE transmission.
        In case of Option2 configuration
o    For a LTE UL transmission, the last UL transmission is a NR 2-port transmission.
o    For a NR 2-port UL transmission, the last UL transmission is a LTE transmission.
o    For a LTE UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 2.
o    For a NR 2-port UL transmission, the last UL transmission is a NR 1-port transmission and it was in Case 1.



Proposal 6: Adopt the following TP2 for 38.214 UL Tx switching.
TP2: {38.214, 6.1.6.1 Uplink switching for EN-DC}
	6.1.6.1	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),  if the UE is configured with uplink switching with parameter uplinkTxSwitchingPeriod-r16,
· for the UE configured with option1 by the parameter uplinkTxSwitchingOption, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
· when the UE is to transmit an NR uplink that takes place after an E-UTRA uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· the UE is not expected to transmit simultaneously on the NR uplink and the E-UTRA uplink. If the UE is scheduled or configured to transmit any NR uplink transmission overlapping with an E-UTRA uplink transmission, the NR uplink transmission is dropped, 

· for the UE configured with option2 by the parameter uplinkTxSwitchingOption, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
· when the UE is to transmit an NR two-port uplink that takes place after an E-UTRA uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR two-port uplink on another uplink carrier then the UE is not expected to transmit for the duration of  on any of the two carriers.
· when the UE is to transmit an E-UTRA uplink that takes place after an NR one-port uplink on anther uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers
· when the UE is to transmit an NR two-port uplink that takes place after an NR one-port uplink on the same carrier and the UE is under the operation state in which 2-port transmission cannot be supported, then the UE is not expected to transmit for the duration of  on any of the two carriers
· the UE is not expected to transmit simultaneously a two- port transmission on the NR uplink and the E-UTRA uplink.



Proposal 7: RAN1 further discusses UE behaviours related simultaneousTxSUL-NonSUL to for SUL with Tx switching considering the following two alternatives.
· Alt.1: If UE is configured with SUL with Tx switching, network ignores this UE capability simultaneousTxSUL-NonSUL.
· Alt2: If UE is capable of simultaneousTxSUL-NonSUL., network is not expected to configure this UE with SUL with Tx switching.

Proposal 8: Adopt the following TP3 for 38.214 UL Tx switching.
TP3: {38.214, 6.1.6.3 Uplink switching for Supplementary Uplink}
	6.1.6.3	Uplink switching for Supplementary Uplink
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 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 uplink channel or signal on a different uplink from the preceding transmission occasion based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap , where  is the start time of the first symbol of the transmission occasion of the uplink channel or signal and  is the preparation procedure time of the transmission occasion of the uplink channel or signal 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 transmit on any of the two uplinks.
-	For a UE indicating a capability simultaneousTxSUL-NonSUL, the UE is not expected to transmit simultaneously SRS on an uplink carrier and PUSCH/PUCCH/SRS on another uplink carrier in the same cell.
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