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1      Introduction
In [1], open issues are summarized for uplink Tx switching from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #101 e-meeting:
[101-e-LS-TxSwitching-01] Email discussion/approval on 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

by 5/28, with the corresponding TP by 6/3 – Jianchi (CT)

[101-e-LS-TxSwitching-02] Email discussion/approval on remaining issues for EN-DC

· General mechanism

· Mapping between UL transmission ports and Tx chain

· Switching mechanism

by 5/28, with the corresponding TP by 6/3 – Jianchi (CT)

[101-e-LS-TxSwitching-03] Email discussion/approval on 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

by 5/29, with the corresponding TP by 6/4 – Jianchi (CT)

[101-e-LS-TxSwitching-04] Email approval of TP capturing agreements from previous meetings by 6/2 (Mihai, Nokia)
This is email discussion thread #2 to discuss the remaining issues for EN-DC.
2      Discussion
Issue #1: General mechanism
In RAN1 #100b-e, following three cases were discussed:
· For EN-DC, uplink Tx switching can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration.

Support: Nokia, MediaTek
Not support: Qualcomm, ZTE, Huawei, OPPO, CATT

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

Support: Qualcomm, Nokia, ZTE, MediaTek, Huawei, OPPO, CATT

Not support: 

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

Support: Nokia, MediaTek, Huawei, OPPO, CATT

Not support: Qualcomm, ZTE
In RAN1 #100b-e, after discussion, we have achieved following agreements:

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.

Companies are invited to provide views on 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.
	Companies
	Comments

	Qualcomm
	Due to limited time, we propose to reuse Rel-15 EN-DC single UL Tx operation with FDD PCell for progress

	OPPO
	Ok to use Rel-15 EN-DC HARQ timing case 1 with FDD PCell for UL Tx switching 

	ZTE
	Only with Rel-15 EN-DC HARQ timing, it does not require any changes on LTE module. It requires tight coordination between NR and LTE without support of Rel-15 EN-DC HARQ timing. 

	vivo
	We think both “Rel-15 EN-DC HARQ timing case 1 with FDD PCell” and “Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell” can be used for UL Tx switching, depends on which TDM operation the UE supports. Prefer not to mandate Rel-15 TDM pattern.

	Nokia
	It is unclear why the UL Tx Switching operation that is based on dynamics of the network to determine transmission on either of the two uplink would REQUIRE a particular mechanism to guarantee that the 
To Qualcomm: Why do we need to specify more to stay in the limited timeline? Why it is not faster to reuse the switching criteria that needs to be defined for CA as-is, and not say anything over how the network gets there? If we hang the feature to Rel-15 reference TDD pattern we automatically kill the Rel-16 reference TDD pattern usage that was heavily advocated by Qualcomm as a good thing for the network to use the flexibility if it has the means to do so.

To ZTE: I do not know of the ZTE LTE module implementation, nor do I know if that implementation can cope with the Rel-16 requirement for dynamic power sharing, or support for the Rel-16 reference TDD pattern, but we are defining a Rel-16 feature that is then “for simplicity” being hung on a Rel-15 feature that was designed for a very specific and limited use case only.

To Vivo: we agree that both Rel-15 and Rel-16 patterns can be used to facilitate the operation, but this is not strictly speaking necessary. We would be OK to mandate one of the patterns to the UE to support, but will not see it as extremely important.


Companies are invited to provide views on 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.
	Companies
	Comments

	Qualcomm
	Due to limited time, we propose to reuse Rel-15 EN-DC single UL Tx operation with FDD PCell for progress

	OPPO
	Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can also be used as well

	ZTE
	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.  However, under case 2 the UE is not possible to transmit LTE in the other subframes.  It requires tight coordination if it allows both case 1 and case 2 switching in these subframes. 

	Huawei, HiSilicon
	If Rel-15 HARQ timing case 1 can work, then Rel-16 one shall also work. Both should be supported together.

Disagree with ZTE’s statement in tdoc that Rel-16 HARQ timing case 1 requires additional tight coordination between eNB and gNB compared to Rel-15 HARQ timing case 1. Regardless of tight coordination, eNB and gNB can always operate the UE capable of Rel-16 case1 as the same as Rel-15 HARQ timing case 1, because Rel-16 HARQ timing case 1 is superset of Rel-15 HARQ timing case1 by supporting more flexible LTE UL scheduling. 

	vivo
	We think there is no need to restrict to only the Rel-15 EN-DC HARQ timing case 1 with FDD PCell

	Nokia
	There is no reason to limit the support to Rel-15 TDD reference pattern only


Proposal:
· For EN-DC, uplink Tx switching is not supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration for the following cases.
· LTE FDD PCell
· LTE TDD PCell with any designated LTE UL symbols overlapping with designated NR UL symbols of NR TDD PScell

· For EN-DC, uplink Tx switching is can be supported without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration for the following cases
· LTE TDD PCell without designated LTE UL symbols overlapping with designated NR UL symbols of NR TDD PScell
Companies are invited to provide views on the above proposal. 
	Companies
	Comments

	Qualcomm
	We can accept the proposal with the condition that the following changes are made
· “designated LTE UL symbols” is changed to “LTE UL symbols and the LTE guard period in the special subframe”

· “designated NR UL symbols” is changed to “NR UL and flexible symbols”
· The agreement is limited to apply only to synchronous EN-DC 

	OPPO
	It seems “it” should be “can be”.  The relevant changes is marked in the proposal. 

	ZTE
	Does not see the need to only treat this particular case differently in 2nd bullet point. 

	Huawei, HiSilicon
	OK with the original FL proposal, i.e. “is supported”. If “can be” is adopted, then please replace “supported” by “operated”

	vivo
	Fine with the proposal

	Nokia
	Not OK. There is no reason to tie the UL Tx Switching operation to the TDD pattern configuration. We will define dynamic DCI-based rules for CA, and that same solution can be used as-is for EN-DC without needing to say how the network avoids asking the UE to transmit on 3 ports simultaneously.


Issue #2: Mapping between UL transmission ports and Tx chain

Proposal:
· For EN-DC, 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: 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. 

· Note: For the EN-DC band combination where the UE is capable of this operation Option 1, the UE should still be capable of EN-DC operation without UL Tx switching configuration.

· Option 2: 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. 
Companies are invited to provide views on the above proposal. 
	Companies
	Comments

	Qualcomm
	In general, we think whether UE support UL Tx switching or not, it should be able to transmit on both LTE and NR CCs simultaneously when NR carrier is configured with 1 port transmission. We don’t think this is an additional UE capability which requires an additional UE capability report. 

	OPPO
	Ok

	ZTE
	Option2 is not very clear regarding "if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission". It's better to change it to "if NR carrier is configured or scheduled with 1 port PUSCH/PUCCH/SRS transmission".
Option 2 should be supported. Not sure why we prevent UE to have such simultaneous transmission capability if it can do it under regular EN-DC. 

	Huawei, HiSilicon
	OK

	vivo
	OK

	Nokia
	Agree with Qualcomm. Also the UE should be able to indicate that it supports both Option 1 and Option 2.


Proposal:

· For EN-DC, if UE is configured with UL Tx switching, switching period is required only in the following cases
· In case of Option1 of mapping between UL transmission ports and Tx chain

· 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 of Option2 of mapping between UL transmission ports and Tx chain

· 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.

Companies are invited to provide views on the above proposal. 
	Companies
	Comments

	Qualcomm 
	ok

	OPPO
	ok

	ZTE
	The proposal cannot fulfill the requirement that 1Tx should be always ensured in LTE designated UL subframes. A UE should always assume Case 1 in LTE subframes designated as UL in the reference DL/UL configuration. Otherwise, it requires changes on LTE module and it requires tight coordination between LTE and NR.  

	Huawei, HiSilicon
	Support. The switching gap is handled by UE NR modem, as well as corresponding RF switching, similar to dynamic power sharing of EN-DC

	vivo
	OK

	Nokia
	OK


Issue #3: Switching mechanism
Proposal:
· For EN-DC, for UEs configured with UL Tx switching and Rel-15 EN-DC HARQ timing case 1, and for UEs configured with UL Tx switching and Rel-16 EN-DC HARQ timing case 1 (if can be reused to support UL Tx switching)
· 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.
· No change to LTE operation.​
Companies are invited to provide views on the above proposal.
	Companies
	Comments

	QC
	We think FL is trying to describe UL Tx Switching Case 1 and 2 in another way for ENDC to avoid ambiguity of EN-DC HARQ timing case 1 in the main bullet. In general, it’s weird to say Tx RF chain which is not in RAN1 spec. We will prefer to use UL Tx switching case 1 or 2 here instead of introducing a something relying on Tx Chain.

	OPPO
	Ok. QC’s comment is valid and we are open to better wording 

	ZTE
	Support the proposal for Rel-15 EN-DC HARQ timing to ensure no change to LTE operation.  We don’t need to support Rel-16 EN-DC HARQ timing since the sub-bullet points require the UE to fall back to Rel-15 EN-DC HARQ timing anyway.  It’s better to use case 1 and case 2 suggested by QC.

	Huawei, HiSilicon
	Support the proposal. But don’t feel UL Tx switching case 1/2 have to be specified in RAN1 spec, in the end how to capture them is up to editor as what have done to UL-CA and SUL without case 1 or case 2 wording. Therefore, please keep current wording.

	  vivo
	OK with the proposal

	Nokia
	Not OK with the proposal. There is no reason, or no need to create a special behavior linked to the LTE reference TDD pattern.


· For EN-DC, for UEs configured with UL Tx switching and Rel-15 EN-DC HARQ timing case 1, and for UEs configured with UL Tx switching and Rel-16 EN-DC HARQ timing case 1 (if can be reused to support UL Tx switching)
· If UE does not have UL transmissions, 

· Option 1: the state of Tx chains of last UL transmission is assumed.

· Option 2: the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· Option 3:
· 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.

· Note: RAN4 agreements on the location of switching periods are still applied.

Companies are invited to provide views on the above options. 
	Companies
	Preferred option
	Comments

	QC
	1
	This will align with UL CA and reduce the number of switches. 

	OPPO
	Option 1
	Common solution for difference cases. 

	ZTE
	Option 3
	Same comments as the previous proposal. Option3 ensures no change to LTE operation.  As agreed in RAN4, switching period cannot be placed in LTE uplink subframes. Option 1 requires LTE carrier to request for Tx switching from NR carrier once there is UL transmission. So it requires coordination between LTE and NR.

	Huawei, HiSilicon
	Option1
	May not fully understand ZTE’s comment. UL Tx switching requires hardware sharing between UE LTE modem and UE NR modem, which means coordination between them is necessary. Such coordination is handled by NR modem so that no impact on LTE modem, similar to dynamic power sharing.

	vivo
	Option 1
	

	Nokia
	None
	Any proposals conditioned to “for UEs configured with UL Tx switching and Rel-15 EN-DC HARQ timing case 1, and for UEs configured with UL Tx switching and Rel-16 EN-DC HARQ timing case 1 (if can be reused to support UL Tx switching)” are unnecessary and we should not spend time in trying to complicate things and specify special behaviour for special configuration when there is no need.

	
	
	


Proposal:
· For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support UL Tx switching
· Note: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

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

Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Due to limited time, we propose to reuse Rel-15 EN-DC single UL Tx operation with FDD PCell for progress

	OPPO
	ok

	ZTE
	Same comments as before.  Do not need to support Rel-16 EN-DC HARQ Timing.

	Huawei, HiSilicon
	Support. There is no additional spec impact for this proposal, but just reuse what Rel-16 has.
Disagree with ZTE’s statement in tdoc that Rel-16 HARQ timing case 1 requires additional tight coordination between eNB and gNB compared to Rel-15 HARQ timing case 1. Regardless of tight coordination, eNB and gNB can always operate the UE capable of Rel-16 case1 as the same as Rel-15 HARQ timing case 1, because Rel-16 HARQ timing case 1 is superset of Rel-15 HARQ timing case1 by supporting more flexible LTE UL scheduling. 

For the case where eNB and gNB have no tight coordination at all, Rel-16 HARQ timing case 1 has benefit because a semi-static coordination between eNB and gNB can be indicated with a slot/subframe granularity via the Xn signalling in Rel-15 as the agreement below.

RAN1#90 for Rel-15

Agreements:
· For LTE-NR coexistence in overlapping spectrum,

· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including

· LTE cell on/off configuration with details up to RAN3

· LTE MBSFN subframe configuration

· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN

· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio-frame-boundary aligned

· Note: It is up to RAN3 if this requires new procedures in addition to signaling support

· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)

· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively

 

	vivo
	Fine with the proposal

	Nokia
	Yes, it can, as it can be used to facilitate non-simultaneous transmissions. The direction with these questions and spending a lot of time with them is to end up having an agreement that these can be used, no agreement how else the network can manage the system and hence we have to standardize special behavior just for these cases. I have with the whole line of questioning repeating from meeting to meeting that focuses on what some companies want, not what is the design that actually is good for the system, achieves what needs to be achieved with a generic definition and gets us out of all the special case discussions.

	
	


Other issues
Companies are invited to provide views on other issues not covered above.
	Companies
	Comments

	Nokia
	The sole fact that almost all the questionnaire is circling around whether/how to use the reference TDD pattern for EN-DC Tx Switching shows how that direction is getting us into special case discussions and how those special cases should be specified, when none of this is needed. Just define the switching criteria for CA, use the same criteria for EN-DC and be done with it. No need to debate special cases, configurations or operation for EN-DC when none is needed.
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4      Appendix
	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.​
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