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Discussion and Decision
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 #3 to discuss other issues for uplink Tx switching.
2      Discussion
Issue #1: Additional preparation time
In RAN1 #100e, the following agreement was reached:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

In has been discussed extensively how to capture the above agreement based on following two options, but still no consensus.

Option 1:
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Nswitching: round up to integer symbols

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

	Qualcomm
	For SUL, since the switching impacts both carrier 1 and carrier 2, we think that we should select one of the following two alternatives: 
· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)

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

When there is no switch, each of NUL and SUL could follow their own different timelines as an option.  But when there is a switch, it impacts both carriers 1 and carriers 2. For that case, a common timeline needs to be used. 

We would like to point out that especially if transmissions may be requested in the switching transient period, not adopting either Alt.1 or Alt.2 above would clearly violate the commonly understood cancellation timeline requirements. 

	OPPO
	Support QC’s proposal. Alt.1 is slightly preferred

	ZTE
	We would like to check whether this maximum/minimum operation between two CCs is only needed when switching period is not guaranteed by the network i.e. Option2 in issue#2 is assumed.     

	Huawei, HiSilicon
	Support.

UL switching is an inherent feature for SUL since Rel-15, and the T_proc,2 for SUL and NUL are independent from each other. We should not introduce non-backward compatibility. Nothing but a RF Tx switching is introduced in Rel-16 SUL whose impacts has been agreed to reflect in the following agreement. The baseband timeline is kept as it is. Therefore, we don’t feel QC’s comments are in line with 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.

Additionally, as analyzed in our tdocs, for both SUL and UL-CA, 35us switching period would be doubled if the switching period is round-up to OFDM symbol of 15kHz SCS, which is unnecessary performance loss.

	Nokia
	Support, but would like to note that the PUSCH preparation time formula is not specific to SUL, CA or EN-DC. It is the PUSCH preparation formula, and cannot be done differently for different cases.

	Samsung
	We are agree with Nokia.


· For UL CA,
· Option 1:
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· Nswitching: round up to integer symbols associated with SCSμ
· No spec change to μ
· Option 2:
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· Option 3:
Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)
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Companies are invited to provide further views on the above options and provide the detailed reason on the preferred option. 
	Companies
	Preferred option
	Comments

	Qualcomm
	Option 3 
	For the 2nd equation, we want to clarify Tswitch here is in symbols as RAN4 agreed UE reported transient time is in both absolute time and symbol(s). 

Since the switching impacts both carrier 1 and carrier 2, we think that we should select one of the following two alternatives: 
· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)

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

Among the two alternatives, 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. 
We would like to point out that especially if transmissions may be requested in the switching transient period, not adopting either Alt.1 or Alt.2 above would clearly violate the commonly understood cancellation timeline requirements.

	OPPO
	Option 3
	Same reason as SUL

	ZTE
	Option 1
	If uplink phase is introduced and if network can guarantee no contradictory scheduling in the uplink phase, it seems this maximum/minimum operation between two CCs is not needed.  Otherwise, it is okay to have option 3 commonly applied to SUL and CA.

	Huawei, HiSilicon
	Option 2
	The discussion is painful. As commented before, QC’s understanding on switching period is not in line with RAN4 LS R1-2001522, where only absolute time remain

In RAN4#94e, the follow agreements on the length of UL switching period have been reached. 

· Length of UL switching period for defining UE RF requirements and capability reporting:

· For SUL and UL CA

· {35us, 140 us, 210us} 

· For EN-DC

· {35us, 140 us}

Additionally, as analyzed in our tdocs, for both SUL and UL-CA, 35us switching period would be doubled if the switching period is round-up to OFDM symbol of 15kHz SCS, which is unnecessary performance loss.

	Ericsson
	Option 1, 

also OK with Option 3 +Alt2 proposed by QC
	Prefer Option 1 over Option 2 to align with other relaxations that are provided in units of symbols in RAN1 specs. 

It is unclear to how T_proc2 for carrier without a transmission will be determined for Option3+Alt1. 

	Nokia
	Option 2

Cannot be determined in isolation
	Very puzzled that the FL is proposing to write one piece of the standard in one way for one case and another way for another case.

As stated multiple times, if we provide the gap in symbols, then we make it SCS specific, adding to our troubles + as pointed out by Huawei there is additional quantization that would come on top. 

	Samsung
	Option 2
	We are agree with Huawei.


· For EN-DC,

· Option 1:
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· Nswitching: round up to integer symbols associated with SCSμ
· No spec change to μ
· Option 2:
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· Option 3: 

Tproc,2 = 4ms
Companies are invited to provide further views on the above options and provide the detailed reason on the preferred option. 

	Companies
	Preferred option
	Comments

	Qualcomm
	Option 3
	Tproc,2 = 4 ms is needed for all cases where the switch would impact LTE operation

	OPPO
	
	Not sure whether 4ms is sufficient or not since some additional time may be needed for the uncertainty due to asynchronous LTE and NR 

	ZTE
	Option 1 
	If the switching period can only happen in NR-only UL subframes (i.e. non-LTE-designated UL subframes), it seems 4ms is not needed. 

	Huawei, HiSilicon
	Option 2
	We don’t feel Option 3 is in line with agreement below, because it is far larger than the agreed additional time. Suggest to focus on how to capture the agreement.

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.

First, there is no spec change to LTE resulting no impact on LTE operation. If helpful, it can be reclaimed along with the proposal.

Besides, dynamic power sharing and PHR reporting for both sync and async Rel-15 EN-DC does not require 4ms NR UE processing time, it is the similar situation here because it is not the UE LTE modem but the NR modem to handle the coordination between two modems. Since LTE scheduling information is always received 4ms ahead, much earlier than NR scheduling information arrival, NR UE modems is capable to handle the coordination.

	Nokia
	Option 2

Cannot be determined in isolation
	See comments in the two previous proposals on the same thing.

	Samsung
	Option 2
	We are agree with Huawei.


Proposal: Confirm the following work assumption

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

	Qualcomm
	Agree with the proposal under the assumption that Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2) is also assumed

	OPPO
	Ok

	ZTE
	Same question on the max operation.

	Huawei, HiSilicon
	Support

	Ericsson
	Support confirming the WA

	vivo
	Support

	Nokia
	We are reluctantly OK to confirm the WA and accepting yet additional performance loss from Uplink Tx Switching

	Samsung
	We support the proposal.


Proposal: 

· For Tproc, CSI, 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 Z1 of Table 5.4-1 of TS 38.214. 

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

	Qualcomm
	For the cases other than Z1, Tproc,2 should apply, together with the assumption Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2) 

	OPPO
	Ok

	ZTE
	Same question on the max operation.

	Huawei, HiSilicon
	Support

	Nokia
	Cannot support yet another performance-losing relaxation.


Issue #2: Switching period
In RAN1 #100e, the following agreement on switching period was reached:

· 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.

In has been discussed extensively how to capture the above agreement based on following two options, but still no consensus.
· Option 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.

· Option 2: For inter-band UL CA, SUL and EN-DC, UE is not expected to transmit on any of the two carriers in the switching period.

Companies are invited to provide further views on the above two options, including pros/cons, complexity and performance impact.
	Companies
	Comments

	Qualcomm
	We think Option 1 makes more sense as it avoids potential conflicting scheduling requests from the gNB. Otherwise, the UE needs more time to check the scheduling for each possible component carriers.

One of the main problems with Option 2 is that it introduces a cancellation requirement on the lower SCS CC (e.g. CC1), for which at present there is no appropriate timeline defined. Right now, the proponents of Option 2 also support timeline for CC1 based on CC2 only, which seems contradictory.

	OPPO
	Support Option 1

Option 2 will lead more complexity at UE side and the performance cannot be guaranteed due to unpredictable cancelation of UL transmission(s)

	ZTE
	We are okay with Option 1 if we clarify PUCCH multiplexing (discussed in issue#5) is allowed with this wording.  Also, we prefer to handle PRACH differently i.e.  

· If PRACH transmission overlaps with the switching period, UE may transmit the PRACH and drop the case switching.

This should be especially considered for the case when there is no limitation on switching period location if uplink phase is not introduced. It would be hard for the network to avoid switching period overlapped with any configured UL resources. 

	Huawei, HiSilicon
	Option 1 is to add a burden on gNB while Option 2 might or might not imply a UE behaviour.

There have been good precedents in 38.214 and 38.213 for this kind of dilemma. We propose: 

Option3, UE is not required to transmit on any of the two carriers in the switching period.

One precedents in 38.214, you can find much more precedents in 38.214 and 38.213. Hope we can move on with those precedents in hands.
“Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource.”

	Ericsson
	We prefer Option 2 (also ok to say “UE is not required to…” instead of “UE is not expected to….”). We don’t prefer Option 1 due to gNB scheduling constraint.

	vivo
	Support Option 1

	Nokia
	Support option 2 and can support Huawei/Ericsson’s amendment proposal “Ue is not required to transmit on any of the two carriers in the switching perionds” if that helps. We simply cannot accept option 1.

	Samsung
	We are agree with HW, Ericsson and Nokia. 


There are the following potential understandings on the location of switching period:
· 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
Proposal:

· For SUL, if uplink Tx switching is triggered by a UL transmission occasion and 
· if its required switching period is not larger than the time gap between the UL transmission occasion and the last UL transmission occasion, then the switching period is immediately before the UL transmission occasion, otherwise the switching period overlaps only with the one UL transmission occasion which transmits on the UL configured with RRC parameter uplinkTxSwitchingPeriod and the switching period is immediately adjacent to the other UL transmission occasion.

· For inter-band UL CA, if uplink Tx switching is triggered for a UL transmission occasion,
· If UL phase is not supported, if its required switching period is not larger than the time gap between the UL transmission occasion and the last UL transmission occasion, then the switching period is immediately before the UL transmission occasion, otherwise the switching period overlaps only with the one UL transmission occasion which transmits on the UL configured with RRC parameter uplinkTxSwitchingPeriod and the switching period is immediately adjacent to the other UL transmission occasion.

· If UL phase is supported, 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.  

· For EN-DC, if uplink Tx switching is triggered for a UL transmission occasion, the location of switching period is at the boundaries of the UL phase.
· Note: RAN1’s confirmation on switching period in R1-1913585 is still applied.
Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	For SUL and for ‘CA without UL phase’, the proposals don’t work because they assume that the UE can cancel transmission on CCx based on the processing timeline solely determined based on CCy. This is against the agreements made for timelines in all cases for NR. 

Note that cancelling an UL transmission cannot be done by switching the RF chain because that would violate emission requirements. 

For the case of ‘CA with UL phase’, we propose the following wording changes: 

·  If UL phase is supported, 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 on carrier 2 corresponding to the non-uplink symbols on carrier 2 and immediately after the end of the UL phase on carrier 2 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 on carrier 2 corresponding to the uplink symbols on carrier 2 and immediately before the end of the UL phase on carrier 2 to the uplink symbols on carrier 2.  

For EN-DC, the location should be immediately before the start of the UL phase and immediately after the end of the UL phase, where the UL phase is the set of UL subframes according to the Rel-15 EN-DC HARQ timing case 1 configuration. 

	OPPO
	Wait until we decide to introduce “UL phase”

	ZTE
	We are fine with the proposals with uplink phase. We prefer to support uplink phase for all three scenarios.  RAN4 has agreed to introduce RRC parameter to configure which carrier the switching period is located for SUL and UL CA. For EN-DC, the switching period cannot be located in the LTE carrier.   For the opponents to uplink phase, please explain how we define the configured location (i.e. carrier 1 or carrier 2) of switching period given that the UE cannot transmit in any of the two carriers in the switching period.  Please also explain how to understand the restriction of switching period in LTE carrier for EN-DC if UL phase is not introduced.

	Huawei, HiSilicon
	Firstly, we feel the proposal for SUL and UL-CA is just to clarify existing agreements instead of introducing new spec impacts.

So far the motivation and benefit for gNB scheduling restriction UL-phase is unclear. Additionally, the determination of UL switching has to be based on transmission occasion even for UL-phase, because UL-phase is just a gNB scheduling restriction and has not clarified how to determine the on/off of an UL-phase which is not far different from the occasion-based determination. 

@QC, Please elaborate a bit what causes violated emission requirements given the RF on one UL has been shut down and shifted for the other UL.

Also please clarify a bit which agreements are violated if the gNB scheduling restriction UL-phase is not adopted.

In my understanding, UL Tx switching, it is a RF cancellation, if needed in some cases, instead of baseband cancellation, therefore, it is nothing about baseband timeline. And the RF timeline increment has been agreed to be introduced.

@ZTE, The SUL part in the FL proposal would have been an example to answer your question on how it work with the configured RRC but without UL phase. Regarding how to deal with the RRC configured switching period on one uplink, the only difference between the SUL part in FL proposal and QC’s proposal with UL phase is the granularity of UL transmissions, the former is with two consecutive transmission occasions while the latter is with consecutive UL-phase on carrier 2 and complementary phase on carrier 1 with respect to UL-phase. 

	Nokia
	Agree with Oppo, and in general, as indicated by Huawei, the proposal doesn’t seem to add much to what we have already in place. May not be worth spending the time on this fairly lengthy proposal when it is not clear that it would lead to any additional specification.

	Samsung
	We are agree with Nokia and Huawei. 


Issue #3: Twisted-order scheduling
Proposal:
· For SUL, UL CA and EN-DC
· After T0-T_offset, UE is not required to cancel a triggered UL switch or trigger a new UL switch for a UL transmission starting at T0, and T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the UL transmission.
Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Proposal 5 should say: “AfterT0-T_offset, the UE is not expected to receive any information requiring the UE to cancel a triggered switch for the UL transmission starting at T0, or to trigger an UL switch at T0 or to trigger any other UL switch occurring before T0…”

	OPPO
	Support QC’s proposal

	ZTE
	Not sure if “to trigger an UL switch at T0” is needed.  If the transmission is going to happen at T0, UL switch should not happen at T0 since UE is not expected to transmit in the switching period.  

Not sure if we need both “to cancel a triggered switch for the UL transmission starting at T0”, “to trigger any other UL switch occurring before T0” .  Would the latter one be sufficient?  When we say “trigger”, does it include PUCCH transmission triggered by DL PDSCH?

	Huawei, HiSilicon
	Please note that the FL proposal does not imply a gNB scheduling restriction nor a UE behaviour, which servers a better compromise. The proposal from QC requires additional gNB scheduling restriction, same as last meeting and leading to a deadlock. To break it down, just simple question to proponents of gNB scheduling restriction, since the FL proposal has allowed up to UE to take into account new trigger information received after T0-T_offset, could you clarify what is the burden for the UE now? Especially, similar to no such gNB scheduling restriction for SRS carrier switching, once a UE determines a UL Tx switching, the UE always/anyway starts to ignore further received triggering information and then suspend any potential new UL Tx switching until T0. Please companies elaborate a bit your real concern.

Additionally, “required to” has many precedents in 38.214 and 38.213 to handle such dilemma, please consider it and move on.

	Nokia
	As noted in the CR thread, this discussion is of no material use. The DCI to schedule the PUSCH must come at most Toffset before the PUSCH or there is no PUSCH in the first place.


Issue #4: UE capability relation between operation w/ Tx switching and operation w/o Tx switching
Proposal: 

· For SUL, it is mandatory for UEs supporting uplink Tx switching to support SUL without uplink Tx switching.
· For UL CA, it is mandatory for UEs supporting uplink Tx switching to support UL CA without uplink Tx switching.

· For EN-DC, it is mandatory for UEs supporting uplink Tx switching to support EN-DC without uplink Tx switching.
Companies are invited to provide views on the above proposal.
	Companies
	Comments

	Qualcomm
	Agree with the proposal, conditioned on that the meaning of supporting operation ‘without uplink Tx switching’ means 1Tx+1Tx with simultaneous transmission.

	OPPO
	Ok

	ZTE
	Support the proposal.

	Huawei, HiSilicon
	Don’t feel the motivation for the case of SUL. We don’t see a need.

	Ericsson
	Support

	vivo
	The meaning is understood but not sure we need such proposal or not. The UL Tx switching is an additional optional feature on top of basic SUL/UL CA/EN-DC, therefore it is natural that a UE supporting UL Tx switching should be able to support basic SUL/ UL CA/EN-DC

	Nokia
	Support

	Samsung
	Support


Issue #5: PUCCH multiplexing
The question whether the following case can be supported was raised in [2]:

· 1Tx PUCCH in carrier 1 and 2Tx PUSCH in carrier 2 where the PUCCH would finally multiplex in the PUSCH.
Proposal: 
· RAN1 confirm that the following scheduling is allowed for Tx switching for inter-band CA and SUL.

· UCI multiplexing on PUSCH is applied if the uplink on which PUCCH conveying UCI transmits is different from the uplink on which PUSCH transmits. 

· Note: the UE processing time for multiplexing agreed in the WA last meeting is applied

· The UL Tx switching triggering is determined based on the result of UCI multiplexing on PUSCH

· The both uplinks above are within the same PUCCH group.
Companies are invited to provide views on the above question and proposal.
	Companies
	Comments

	Qualcomm
	The proposal can be supported as long as all the timeline requirements are met, including the time required for possible Tx switching. 

	OPPO
	The proposal is only applicable for the case whether PUSCH and PUCCH has the same priority index. For other cases, dropping of PUSCH or PUCCH depends on their priority indices

	ZTE
	Whatever rule already in place for UCI multiplexing (including timeline requirement, priority indices and same PUCCH group”, we should keep it.  So we don’t need to have the sub-bullet point “The both uplinks above are within the same PUCCH group”. Otherwise, we need to clarify this is under the condition when UCI multiplexing happens.  

In addition, we should clarify that this kind of UCI multiplexing is allowed for both 2-port and 1-port PUSCH transmission.

· The UL Tx switching triggering is determined based on the result of UCI multiplexing on PUSCH, including 1-port PUSCH transmission and 2-port PUSCH transmission 



	Huawei, HiSilicon
	The clarification is OK.

@ZTE, the same PUCCH group is very similar to your proposal 3 in your tdoc x3332. Could you please clarify a bit what changes your view? We may not fully understand your comment, but whether two uplinks are in the same PUCCH group or not cannot be varying and adapt to whether UCI multiplexing occurs.

	vivo
	So the intention of the proposal is to say that existing UCI multiplexing rule for UL CA is not affected by UL Tx switching?

	Nokia
	Unnecessary. This proposal seems to try to confirm that the specification is what it is. There is no need to do this, only if we are to propose something that deviates from what the spec is, there is a need for us to debate what the agreement is, and how is it to be reflected to the specifications.

	Samsung
	Agree with Huawei. We are fine with the clarification.


Issue #6: Clarification on the determination of the last transmission occasion

	<Unchanged parts are omitted – 38.214>
6.1.0.3
Uplink switching for Supplementary Uplink

a) 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:

b) -
If the UE is configured with uplink switching with parameter [uplinkTxSwitchingPeriod-r16],

c) -
If the UE is to transmit any NR uplink channel on a different uplink from the last transmission occasion assumed by the UE based on the scheduling DCI(s) and higher layer configurations received before  [image: image11.png]


, then the UE assumes that an uplink switching is triggered in a duration of switching gap [image: image13.png]


, where [image: image15.png]


 is the start time of the first symbol of the transmission occasion of the NR uplink channel and [image: image17.png]Toffset



 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 [image: image19.png]


, the UE is not expected to [be scheduled or configured to] transmit on any of the two uplinks.

<Unchanged parts are omitted>


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

	Qualcomm
	Don’t agree. The wording assumes that a higher layer configuration is processed and applied in [image: image21.png]Toffset



 time, which is not the case.  

	OPPO
	Failed to the benefits provided by the TP

	ZTE
	Don’t know why this is needed. Also, TP proposal should be discussed in 04 thread.

	Huawei, HiSilicon
	Please refer to our tdoc R1-2004603 [10] for the motivation, where a figure is illustrating the issue. It is to better capture the agreement that all UL transmission can trigger uplink Tx switching including periodic UL transmission like periodic CSI reporting on PUCCH which is not scheduled by DCIs, and the agreement that T0-T_offset is the cut-off time for receiving information that is used to determine the last transmission occasion.

Agreements:

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

@QC, it says “based on” some information “received before” a timing, instead of processing high layer configuration at a moment. Could you please clarify which wording implies what you said so that we can fix it? I propose the following wording to address your potential concern,

based on the scheduling DCI(s) received before [image: image23.png]


 and higher layer configurations,
@ZTE, this is for capturing existing agreement, 04 thread is for new agreement. I could try your way, but please keep discussing it here until it is accepted for discussion by 04 thread.

	Nokia
	The same debate seems to be up in the -04 thread.


Issue #7: UE behaviours related to simultaneousTxSUL-NonSUL for SUL

In RAN1#100bis-e, it was discussed how to handle the UE behaviour related to simultaneousTxSUL-NonSUL for SUL with Tx switching. Based on the agreements, for SUL, if uplink Tx switching is configured, is not expected to support simultaneous transmission of SRS in one carrier and other UL transmissions on another carrier. There are two options:
· Option 1: For SUL, if uplink Tx switching is configured, network ignores UE capability simultaneousTxSUL-NonSUL.

· Option 2: For SUL, if UE is capable of simultaneousTxSUL-NonSUL, UE is not expected to be configured with uplink Tx switching.

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

	Qualcomm
	Neither
	Unclear what agreement is being referred to. Previous agreements were on the non-SRS cases.  

SRS transmission simultaneous with other channels need to be supported and this requires no new agreements. 

	ZTE
	Option 2
	Slightly prefer Option 2.  Based on QC’s feedback, we can add the third option on supporting simultaneous transmission with uplink Tx switching.

	Huawei, HiSilicon
	
	Option 2 is not acceptable because it is a gNB configuration restriction and should not be specified but up to gNB implementation as 3GPP practices.

	vivo
	
	Agree with Qualcomm that the proposal should be clarified.

	Nokia
	Neither
	Agree with Qualcomm


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

	Qualcomm
	It needs to be decided what the observation period for the UL Tx switching decision is. Our proposal is that only the first slot of the UL phase is considered in the switching decision.  


3      Proposals
Issue #1: Additional preparation time

Proposal 1:
· For SUL, UL CA, and EN-DC,
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Proposal 2: Confirm the following work assumption

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:
· 
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· 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
Issue #2: Switching period

· Option 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.

· Option 2: For inter-band UL CA, SUL and EN-DC, UE is not expected to transmit on any of the two carriers in the switching period.

	Option 1
	Pros: Avoids potential conflicting scheduling requests from the gNB. Performance can be guaranteed.

Cons: Scheduling restriction from network perspective. The UE ecosystem was not able to agree on the duration of the gap, hence different durations are allowed, subject to UE capability indication. There is no motivation to require the gNB implementation to adapt to different UE capabilities for the gap duration when the gNB is anyway not able to get the UE to transmit during the gap, while the gap location itself is known to the UE prior to the switching takes place.

	Option 2
	Pros: More flexible and less scheduling restriction from network perspective

Cons: Introduce a cancellation requirement on the lower SCS CC (e.g. CC1), for which at present there is no appropriate timeline defined. More complexity at UE side and the performance cannot be guaranteed due to unpredictable cancelation of UL transmission(s).


Proposal 3:

· For inter-band UL-CA, SUL and EN-DC, if a UE is configured with UL Tx switching, the UE is not required to transmit on any of the two carriers in the switching period.

Issue #3: Twisted-order scheduling

Proposal 4:
· For SUL, UL CA and EN-DC

· After T0-T_offset, UE is not required to cancel a triggered UL switch or trigger a new UL switch for a UL transmission starting at T0, and T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the UL transmission.

Issue #4: UE capability relation between operation w/ Tx switching and operation w/o Tx switching

Proposal 5: 

· For SUL, it is optional for UEs supporting uplink Tx switching to report support of 1Tx+1Tx SUL without uplink Tx switching.

· For UL CA, it is mandatory for UEs supporting uplink Tx switching to report support of 1Tx+1Tx UL CA without uplink Tx switching.

· For EN-DC, it is mandatory for UEs supporting uplink Tx switching to report support of 1Tx+1Tx EN-DC without uplink Tx switching.

Revised proposals after discussion
Proposal 1: 
·  For SUL, EN-DC and inter-band UL CA Option 1 with UL Tx switching,
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· Where T_switch is the switching period reported by the UE.

·  For inter-band UL CA Option 2 with UL Tx switching,

µUL = min (µUL, CC1, µUL, CC2)
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· Where T_switch is the switching period reported by the UE.
· A mix of Cap#1 and Cap#2 across CC1 and CC2 is not supported for UL Tx switching.
Proposal 2: Confirm the following work assumption:

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:
· 
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· 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
Proposal 3:
· For inter-band UL-CA, SUL and EN-DC, if a UE is configured with UL Tx switching, the UE is not expected to transmit on any of the two carriers in the switching period.

Proposal 4:
· For SUL, UL CA and EN-DC, 

·  If a UL switching is triggered for a UL transmission starting at T0, after T0-T_offset, the UE is not expected to cancel the UL switching, or to trigger any other new UL switching occurring before T0 for any other UL transmission that is scheduled after T0-T_offset, where T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the UL transmission.

4      Agreements

Agreements: 
·  For SUL, EN-DC and inter-band UL CA Option 1 with UL Tx switching,
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· Where T_switch is the switching period reported by the UE.

·  For inter-band UL CA Option 2 with UL Tx switching,

µUL = min (µUL, CC1, µUL, CC2)
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· Where T_switch is the switching period reported by the UE.
· A mix of Cap#1 and Cap#2 across CC1 and CC2 is not supported for UL Tx switching.
Agreements: 
Confirm the following work assumption:
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:
· 
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· 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
Agreements: 
· For inter-band UL-CA, SUL and EN-DC, if a UE is configured with UL Tx switching, the UE is not expected to transmit on any of the two carriers in the switching period.

Agreements: 
· For SUL, UL CA and EN-DC, 

·  If a UL switching is triggered for a UL transmission starting at T0, after T0-T_offset, the UE is not expected to cancel the UL switching, or to trigger any other new UL switching occurring before T0 for any other UL transmission that is scheduled after T0-T_offset, where T_offset is the UE processing procedure time specified in TS 38.214 or TS 38.213 for the UL transmission.
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6      Appendix
	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 
[image: image32.wmf],2

proc

T

, Tproc,2mux  and aperiodic SRS transmission, replace [image: image34.png]N2



 with [image: image36.png]


 where [image: image38.png]N2' =N2 +d,,,



 and 
[image: image39.wmf](2048144)2

C

switch

txs

T

T

d

m

k

-

=

×

éù

êú

+×

êú

 with 
[image: image40.wmf]switch

T

being the UE capability reported for length of UL switching period.

	OPPO (R1-2004376)
	Option 1:

[image: image41.wmf](

)

,2

22,1switch2,2

max

(+)(2048144)2,

procC

TT

NdTd

m

k

-

=×

++×


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: image44.png][oroc.2



 in Appendix.
Proposal 6: Adopt the TP3 for [image: image46.png]


 in Appendix.

Proposal 7: For [image: image48.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: image50.png]


 of Table 5.4-1 of TS 38.214. 
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