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

· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 

	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 


· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any

· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point

· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed

· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any

· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 

· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  

· Strive to minimize RAN1 impact. 

· Strive to achieve no impact to RAN1 E-UTRAN spec 

· Strive to avoid defining location of switching period impacting RAN1 spec 

· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers

Note 2: Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA

Note 3: The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission

Note 4: The UE is configured with two different uplink carrier frequencies.
During RAN4 #92bis meeting, RAN4 discussed the UE requirements to allow switching between case 1 and case 2 for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission. It was clarified in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission [2]. An LS [3] was sent to RAN1 based on agreements achieved in RAN4 #92bis meeting. In RAN1 #99, the reply LS [4] was sent to RAN4. In RAN4 #93 meeting, an LS [5] was sent from RAN4 to RAN2 cc RAN1. In RAN4 #94e, an additional LS [6] was send to RAN1 to provide feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios. In RAN1 #100b-e, the reply LS [7] on DL interruption was sent to RAN4.
This contribution summarizes the remaining issues for uplink Tx switching from RAN1 perspective.
2      Summary of open issues

There are following issues to be discussed:
	Email thread #
	Open issues
	Tdoc

	1
	Remaining issues for inter-band UL CA
· Granularity of determination on the presence of the switching period
· Support of codebook based PUSCH transmission.
· Whether UE can report support of both option 1 and option 2
· TP
	R1-2003332, R1-2003356, R1-2003590, R1-2003831, R1-2004356, R1-2004376, R1-2004434, R1-2004501, R1-2004603

	2
	Remaining issues for EN-DC
· General mechanism
· Mapping between UL transmission ports and Tx chain

· Switching mechanism
	R1-2003332, R1-2003356, R1-2003831, R1-2004434, R1-2004501, R1-2004603

	3
	Other issues for uplink Tx switching
· Additional preparation time
· Switching period, including UE behaviour and location
· Twisted-order scheduling
· UE capability relation between operation w/ Tx switching and operation w/o Tx switching
· PUCCH multiplexing
· Clarification on the determination of the last transmission occasion
· UE behaviours related to simultaneousTxSUL-NonSUL for SUL
· TP
	R1-2003332, R1-2003831, R1-2004356, R1-2004376, R1-2004434, R1-2004501, R1-2004603

	4
	Editor’s CR capturing agreements from previous meetings and RAN1 #101e
	


3      Companies’ views
· Companies’ views on remaining issues for inter-band UL CA
	Companies
	Views

	ZTE (R1-2003332)
	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=[image: image2.png]=R



 is considered as 1 port transmission. 

· PUSCH transmission with all other TPMI, e.g., TPMI=[image: image4.png]


 and TPMI= QUOTE ,1-,-2..,,1-1.. [image: image6.png]=N



, are  QUOTE ,1-,-2..,,1-1.. 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 13: Adopt the TP1 for introducing Tx switching for EN-DC, CA and SUL in Section 3.

	vivo (R1-2003356)
	Proposal 1: The presence of the switching period is determined once per UL phase, where UL phase is defined as a set of contiguous UL slots in the carrier 2. 

	CATT (R1-2003590)
	Proposal 1:

· The presence of the switching period is determined one time every transmission occasion.
Proposal 2:

· When UL full power mode 2 and UL Tx switching are configured, 1-port SRS resource (if configured) is only used for Case 2. 

	China Telecom (R1-2003831)
	Proposal 2: For inter-band UL CA, UL phase is defined to avoid unnecessary Tx switching. An UL phase is defined as consecutive UL symbols in the TDD carrier which is capable of 2 ports transmission. The state of Tx chains is not changed during the UL phase.
Proposal 3: For UL CA option 2, for codebook based PUSCH transmission, DCI format 0_1 can indicate 1-port UL transmission when 2-port SRS is configured. gNB can configure 2 SRS resources, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2.

	Ericsson (R1-2004356)
	Comparing these two approaches, there are tradeoffs of UE, CSI accuracy, UE implementation, and SRS overhead.  Using two SRS resources allows one port CSI for the uplink, since it is completely up to UE implementation if it transmits one port SRS by virtualizing the two Tx chains or by selecting either one.  A UE with two half power PAs can virtualize the two Tx chains to one port, and transmit two port UL MIMO as normal without virtualization.  By contrast, UEs that have one full power PA for carrier 2 can indicate full power for a TPMI and may be configured with only one two port SRS resource.  The two SRS resource case for full power Mode 2 is therefore suitable to support UEs with half power PAs and/or to obtain better port CSI, which may be particularly beneficial DCI format 0_0 which can only be one port.  Using one SRS resource for full power Mode 2 conserves SRS resource, and is suitable for UEs with one full power PA.
The ‘Option 1’ proposal that one TPMI is considered as one port transmission, while other TPMIs are considered as two port transmission is not precisely clear.  If indicating a TPMI changes the number of SRS ports used, then this is a new MIMO transmission scheme, since only SRI changes the number of SRS ports in Rel-15 and Rel-16.  Changing the number of indicated SRS ports also implies that the transmit power scaling varies with the number of indicated ports, as can be seen in 38.213 section 7.1.  If the intention of ‘is considered as 1 port’ is that only the power scaling changes with the TPMI, then this is already supported in full power Mode 2 when the UE is configured with one 2 port SRS resource, and so the UE only needs to indicate capability for Mode 2.

Proposal 2

· CA Option 2 UL tx switching is supported by UL full power mode 2
· New MIMO transmission schemes dynamically switching between one and two port transmission or power scaling are not defined.

	OPPO (R1-2004376)
	Proposal 2: In order to support Option 2, RAN1 should support a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH (i.e., Reuse the scheme introduced in full power transmission)

· In case 1, 1-port SRS resource will be indicated by DCI for carrier 2
· In case 2, 2-port SRS resource will be indicated by DCI for carrier 2 
· No spatial relation information is configured   (since it is only for FR1)   

· Up to 2 SRS resources can be configured in the SRS resource (same restriction as Rel-15)    

· The power control scheme is the same as Rel-15

· The power scaling factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource
Proposal 3: In Rel-16, a UE is not expected to be configured with Option 2 and non-codebook based PUSCH simultaneously.  

	Qualcomm (R1-2004434)
	Companies propose to use 1-port SRS agreed in eMIMO to indicate Case 1 as it is intended for virtualization. However, we think this is contrary to the goals of ULFP Mode 2. In ULFP Mode 2, the 1-port SRS is virtualized across 2 or more physical ports to achieve full power. In the case of UL Tx switching, however, Case 1 implies that one of the two ports is switched away, therefore full power cannot be achieved by the port corresponding to the 1-port SRS. 

We understand the proponents are trying to use some agreement to “reduce” the standard efforts. However, as the intention is different or even contradict it is just an unnecessary repetition of an SRS the UE has already transmitted. It is a waste of power and resources while UE may not be able to support virtualization as it only with one Tx. 

Meanwhile, in the feature list session, there was no consensus yet to split eMIMO Mode 2 capabilities to ‘additional SRS resource’ and ‘full power TPMI report’. It would not be acceptable to us if a UE, which never had full power issues, now have to report list of TPMIs with no information content. With this, Option 2 will waste not only UE power, network resources but also signaling overhead.
Proposal 1: Adopt option 2 

· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=[image: image8.png]=1



, PUSCH with TPMI=[image: image10.png]=1



, 2-port SRS, 2-port configured grant PUSCH

· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=[image: image12.png]L[]



, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH
Proposal 2: To simplify the specification discussion, we make the following proposal on timeline. 

· Only allowing one switch for an UL phase, i.e. for consecutive UL slots in CC2 

· Allowed switch boundaries are the start and the end of the UL phase in CC2 

Proposal 3: For placement of transient time

· Relative placement of transient is RRC configured

· Placing transient always in CC1 (FDD) should be default

· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case

	Nokia (R1-2004501)
	Proposal: The UL Tx switching for UL CA is limited to the following two uplink configurations (additional DL-only SCells may be configured)

· One uplink on an FDD carrier and another uplink on a TDD carrier

· Two TDD carriers with uplink, where the uplink phases of the TDD carriers do not overlap

Proposal: For UL, CA the determination of the switching gap is done once per slot.

	Huawei (R1-2004603)
	Proposal 2: For inter-band UL CA, if uplink Tx switching is configured, the presence of the switching period is determined only once for each transmission occasion.
Proposal 3: For UL CA option 2, select alternative 1 to support codebook based PUSCH transmission on carrier 2, otherwise choose alternative 2.

· Alt. 1: Reuse Rel-16 eMIMO ULFP Mode 2, i.e., gNB configures two SRS resources for carrier 2, 1-port SRS resource for Case 1 and 2-port SRS resource for Case 2. 
· Note: no spec impacts for spatial relationship on carrier 2.
· Alt. 2: Add 1 bit in DCI format 0_1 to indicate the number of Tx chain used for the codebook based PUSCH transmission on carrier 2, i.e., if the value is set to 1, it means 2Tx transmission for Case 2, otherwise it means Case 1.  


· Companies’ views on remaining issues for EN-DC

	Companies
	Views

	ZTE (R1-2003332)
	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.

	vivo (R1-2003356)
	Proposal 2: For EN-DC, support following options as UE capability 

· Option 1: 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. 

· UE is not expected to transmit in NR for Case 1.

· No change to LTE operation.
· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 

· UE is not expected to transmit in NR for Case 1.

· ​No change to LTE operation. 

· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· ​For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

	China Telecom (R1-2003831)
	Proposal 4: For UEs supporting UL Tx switching for EN-DC, it is mandatory to support Rel-15 EN-DC HARQ timing case 1 with FDD PCell.

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

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

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

Proposal 7: 

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

Proposal 8: 

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

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

· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission.

	Qualcomm (R1-2004434)
	Proposal 7: Reuse Rel-15 EN-DC single UL Tx operation 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

· No change to LTE operation

	Nokia (R1-2004501)
	Proposal: The specifications do mandate how the network avoids simultaneous 1Tx on LTE and 2Tx on NR for EN-DC uplink Tx switching. The earlier agreement “For EN-DC, 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 the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).” alone suffices.

Proposal: The UL Tx switching for EN-DC is limited to the following two uplink configurations (additional DL-only SCells may be configured)

· LTE FDD PCell and NR TDD SCell

· LTE TDD PCell and NR TDD SCell where the uplink phases of the TDD patterns do not overlap 

Proposal: The UEs supporting switched uplink with FDD LTE PCell shall support at least the Rel-15 TDD reference pattern for LTE FDD cell (FG6-13).

	Huawei (R1-2004603)
	Proposal 8: For EN-DC, if a UE is configured with operation of uplink Tx switching:

· The following both cases are supported subject to UE capability

· Option1: single uplink operation, no concurrent uplink transmission. The EN-DC UE is expected to be capable of dynamic power sharing. If there is any NR UL transmission overlapping with a LTE UL transmission, the NR UL transmission is dropped.

· Option2: concurrent uplink transmission is allowed only if NR UL transmission is 1 port transmission.

· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Note: the location of any switching period still follows RAN4 agreements.

· A switching period is required only in the following cases,

· In case Option1

· For a LTE UL transmission, the last UL transmission is a NR transmission. 

· For a NR UL transmission, the last UL transmission is a LTE transmission.

· In case Option2, 

· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 

· For a NR 2-port UL transmission, the last UL transmission is a LTE transmission.

· If a switching period is required, the additional time for UE preparation procedure time is needed and it equals to the length of UL switching period, i.e. the above working assumption on UE preparation procedure time is applied.

· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching.

· No change to LTE operation.​


· Companies’ views on other issues for uplink Tx switching
	Companies
	Views

	ZTE (R1-2003332)
	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 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.

	China Telecom (R1-2003831)
	Proposal 1: For inter-band UL CA, SUL and EN-DC, UE is not expected to be scheduled or configured to transmit on any of the two carriers in the switching period. 

	Ericsson (R1-2004356)
	Proposal 1

· For capturing impact of additional processing time for 
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	OPPO (R1-2004376)
	Option 1:
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Option 2:
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Proposal 1: When UL switching period exists due to Tx switching, the length of Tx switching time is added to the current PUSCH preparation procedure as Option 1 or Option 2. 
Proposal 4: The presence of the switching period is determined one time every transmission occasion.

· We can also support the presence of the switching period is determined one time every slot as a compromise
· Don’t support that the presence of the switching period is determined one time every UL phase.

	Qualcomm (R1-2004434)
	Proposal 4: for PUSCH preparation time, select one among alternatives below for CA and SUL. If Tx switching is supported in the CA case where the UE processing capability is different between carrier 1 and carrier 2, then Alt.1 should be selected

· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)

· Alt.2:  µUL = min(µUL,CC1 , µUL,CC2)

Proposal 5: for EN-DC, Tproc,2 = 4ms should be assumed.

Proposal 6: the observation period for an allowed switch boundary is 

· Option 1: first TDD slot after the allowed switch boundary

· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 

Among these two options we prefer Option 1 for simplicity.

	Nokia (R1-2004501)
	Proposal: The UE is not expected to transmit a scheduled or configured transmission that overlaps the switching gap on either of the two uplinks

	Huawei (R1-2004603)
	Proposal 1: To remove potential misinterpretation, adopt the TP1 in Appendix.
Proposal 4: After T0-T_offset, UE is not required to cancel a triggered UL switch or trigger a new UL switch for the current UL transmission where T0 is the starting time of the current UL transmission and T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the current transmission.
Proposal 5: Adopt the TP2 for [image: image25.png][oroc.2



 in Appendix.
Proposal 6: Adopt the TP3 for [image: image27.png]


 in Appendix.

Proposal 7: For [image: image29.png][oroc.cst



, if uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period only for the case of CSI triggered with [image: image31.png]


 of Table 5.4-1 of TS 38.214. 
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5      Appendix

	RAN1 #99 agreements:

Agreements: (in response to RAN4 LS)

· There is no RAN1 impact on the length of switching period.

· The determination of length of switching period is up to RAN4.
Agreements:

· In response to the RAN4 LS, RAN1 sees no issues on the location of the switching period.
Agreements: (in response to RAN4 LS)
· There is no RAN1 impact on the transient period.

· The determination of transient period is up to RAN4.

Agreements:

· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.

· If the UL switching period actually exists due to Tx switching
· Additional time is needed for PUSCH preparation procedure time.

· The length of the additional time will be decided in next RAN1 meeting.

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 standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
Note: in the reply LS to RAN4, add a bit more details explaining UL transmission occasion based on 38.213. 
Conclusion:

· The condition of the presence of the switching period for inter-band UL CA and inter-band EN-DC without SUL are to be captured in RAN1. 

· RAN1 will continue discussing the related issue and solutions (including the applicability period of switching (in terms of number of slot(s)).

· There is no additional RAN4 impact.


	RAN1 #100e agreements:
Agreements:

· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

Agreements:

· For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.

· Working Assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.

Clarify the agreement with changes in red
Agreements:

· For standalone SUL, if UL switching period is configured by RRC

· The switching period is not always applicable on the carrier configured with switching period.

· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.

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.

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
Agreements:

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

· For inter-band UL CA, if UL switching period is configured by RRC

· ​The switching period is not always applicable on the carrier configured with switching period.

· ​The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.  

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.


	RAN1 #100b-e agreements:
Agreements:

· For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
· Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 

 

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 

· Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.

· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.

· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.

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

Agreements: Confirm the working assumption:

Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 option 2 is defined. 

· Minimize RAN1 impact 

· No new RAN4 impact

· No new TDM pattern

Option 2-3 Option 2
 

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

Agreements: Confirm the working assumption:

Working Assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
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.

Agreements:

· For inter-band UL CA, if uplink Tx switching is configured: 

· For option 1 of mapping between UL transmission ports and Tx chain, the switching period is only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.

· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.

· For option 2 of mapping between UL transmission ports and Tx chain

· The switching period is only applicable in the following cases:

· If the current state of Tx chains is 1 Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on carrier 2.

· If the current state of Tx chains is 0 Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port transmission on carrier 1.

· For other cases, the state of Tx chains of last UL transmission is assumed. 

· Note: No spec change to power configuration and power control. 
Agreements:

Clarification for CA option 2:
· For inter-band UL CA, if uplink Tx switching is configured and if option 2 of mapping between UL transmission ports and Tx chain is supported, the state of Tx chains of last UL transmission is assumed in case of no UL transmission on carrier 1 and 1-port transmission on carrier 2 (0P+1P).

Note: No spec change to power configuration and power control.

Agreement:

· If uplink Tx switching is configured, all UL transmissions can trigger uplink Tx switching.

Agreements:

· Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:

· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

· 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.

· For EN-DC

· The current transmission occasion and the last transmission occasion assumed by the UE atT0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.

Agreements:

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

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

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

Working assumption:

· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:

· Tproc,2mux
· Aperiodic SRS transmission

· PDCCH order triggered PRACH transmission

· Tproc, CSI in case of CSI triggered with Z1 of Table 5.4-1 of TS 38.214, FFS: the other cases of Tproc, CSI
Agreements:

· For EN-DC, 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 the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).
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