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1. [bookmark: OLE_LINK8][bookmark: _Ref68251440][bookmark: OLE_LINK5]Introduction
In [1], RAN4 asked the following question to RAN1. 
	RAN4 would like to ask RAN1 one question:
In sub-clause 6.1.6 of TS 38.214, it is specified that:
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
On the definition and understanding of T0:
· When gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, in RAN4 understanding, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective and the starting time of actual uplink transmission from UE perspective. 
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, is T0 the starting time of uplink transmission from network scheduling perspective, or the starting time of actual uplink transmission from UE perspective?


This contribution is a summary of the discussion in response to RAN4 LS in R1-2304313 for Rel-18 Tx switching.

2. Summary of contributions in RAN1#113
In contributions [2]-[18], following proposals were made.
	vivo
[2][3]
	Answer: In RAN1’s view, in Rel-18 Tx switching, T0 is used to determine the deadline (i.e., T0-Toffset) for DCI(s) canceling or changing a Tx switching that can be triggered by UL transmission(s), and T0 for different cases is defined as below:
· Case1. For Tx switching involving only two bands (e.g., Band A ->Band B), T0 is the starting time for an uplink transmission on the switched-to carrier from a network scheduling perspective regardless of whether there is a sufficient time period between UL grant and the UL transmission, and regardless of whether the switching period is located on the switched-to carrier or not according to the RRC configuration.
· Case2. For Tx switching involving two switched-from bands and one switched-to band (e.g., Band A + Band B->Band C), T0 is the starting time for an uplink transmission on the switched-to carrier from a network scheduling perspective regardless of whether there is a sufficient time period between UL grant and the UL transmission, and regardless of whether the switching period is located on the switched-to carrier or not according to the RRC configuration.
· Case3. For Tx switching involving the two Tx chains to switch between two different band pairs (e.g., Band A + Band C->Band B + Band D, or Band A-> Band B + Band C), T0 is the starting time for earlier uplink transmission on the two switched-to carriers from network scheduling perspective regardless of whether there is a sufficient time period between UL grants and the UL transmissions, and regardless of whether the switching period is located on the switched-to carriers or not according to the RRC configuration(i.e., BandPriority).
· Note that if the two Tx chains are triggered to switch between two different band pairs, and when the two UL transmissions after Tx switching are at least partially overlapped in the time domain, the UE performs it as one Tx switching instance involving more than 2 bands.

	ZTE
[4]
	Proposal 1: When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, T0 is the starting time of actual uplink transmission from UE perspective.

	CATT
[5]
	Proposal 1: For the RAN4’s question, the followings reply is suggested
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, T0 is the starting time of uplink transmission from network scheduling perspective.

	China Telecom
[6]
	No matter whether gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier or not, T0 is the starting time of uplink transmission from network scheduling perspective

	Xiaomi
[7]
	Answer:
RAN1 thinks the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective. Therefore, sufficient UE preparation time for UL transmission can be guaranteed from gNB perspective. It may or may not be same as the starting time of actual uplink transmission from UE perspective, which depends on the following two aspects:
1) The GAP between last OFDM symbol of UL transmission on switched-from carrier and the first OFDM symbol of UL transmission on switched-to carrier.
2) Located carrier of switching period according to RRC signalling uplinkTxSwitchingPeriodLocation.

	Spreadtrum
[8]
	Reply: when gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, T0 is the starting time of uplink transmission from network scheduling perspective.

	LGE
[9]
	Proposal: Reply to RAN4 about the RAN1 understanding on the exact meaning of T0 which is the starting time of UL transmission from NW scheduling perspective.

	MediaTek
[10]
	[bookmark: _Ref134110220]Proposal 1: RAN1 replay to RAN4 LS confirming the following:
“When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, T0 is the starting time of uplink transmission from network scheduling perspective.

	Apple
[11]
	Reply to the question: 
When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signaling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier, then according to RAN1’s understanding, in this case, T0 is the starting time of actual uplink transmission from UE perspective. 
Based on subclause 6.1.6 of TS 38.214, during the uplink switching gap NTx1-Tx2, UE may omit uplink transmissions. This uplink switching gap NTx1-Tx2 is contained within the period T0 -Toffset. Now, on the contrary, if T0 is considered the starting point of uplink transmission from network perspective, but not the starting time of actual uplink transmission from UE perspective, then NTx1-Tx2 may overlap with the UL transmission on the switch-from carrier and as a result, UL transmission on the switch-from carrier would need to be interrupted, although the switching period is located at the switch-to carrier according to the RRC signaling uplinkTxSwitchingPeriodLocation. Therefore, T0 should be the starting time of actual uplink transmission from UE perspective so that the uplink switching gap NTx1-Tx2 is contained within the period T0 -Toffset that overlaps with the switch-to carrier and is aligned with the RRC configuration of the switching period location.

	Qualcomm
[12]
	Proposal:
· Adopt Option 1 - T0 is the starting time of uplink transmission from network scheduling perspective as this is simpler than Option 2.

	OPPO
[13]
	Proposal 1: To add the following inputs to the reply LS to [1]. 
When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, T0 is the starting time of uplink transmission from network scheduling perspective. 

	Nokia, NSB
[14]
	RAN1 comment: In this case the time instant T0 is the scheduler’s intended transmission starting point, while the actual transmission may start only after the time instant T0 due to the UE omitting the beginning of the scheduler’s intended transmission.

	Ericsson
[15]
	From RAN1 perspective, the behaviour for both cases is the same and T0 is the start of the scheduled/configured uplink transmission. There is no difference between the two cases from descriptions in TS 38.214 viewpoint. Moreover, “the starting time of uplink transmission “from network scheduling perspective” and the expected starting time of “actual uplink transmission from UE perspective” is always one the same, the actual starting time subject to the timing requirements specified in 38.133.” 
· When gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, in RAN4 understanding, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective and the starting time of actual uplink transmission from UE perspective. 
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. In this case, is T0 the starting time of uplink transmission from network scheduling perspective, and the starting time of actual uplink transmission from UE perspective.

	[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Huawei, HiSilicon
[16]
	Proposal: From RAN1 perspective, in Rel-18 UL Tx switching, T0 is the starting time of uplink transmission indicated by DCI or RRC parameter regardless of whether the scheduled gap between the end of the UL transmission on the switch-from carrier(s) and the start of the UL transmission on the switch-to carrier(s) is smaller than switching gap or not.

	NTT DOCOMO
[17]
	Proposal 1: RAN1 answer to RAN4 question in R1-2304313 is below.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, the T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective.

	Samsung
[18]
	Proposal 1: T0 is the starting time of uplink transmission from the network scheduling perspective.


3. Discussion
Moderator comments: Based on companies’ contributions in RAN1#113, there are three options for the following cases in [1]. Majority companies think T0 is the starting time of uplink transmission from network scheduling perspective, while two companies think T0 is the starting time of actual uplink transmission from UE perspective. One company thinks the behaviour for both cases is the same and T0 is the start of the scheduled/configured uplink transmission, and there is no difference between the two cases from descriptions in TS 38.214 viewpoint. However, there is also argument that “the starting time of uplink transmission “from network scheduling perspective” and the expected starting time of “actual uplink transmission from UE perspective” is always one the same, the actual starting time subject to the timing requirements specified in 38.133.” Based on “expected starting time”, it seems also kind of option 1. Maybe the proponent can clarify.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier.

· Option 1: T0 is the starting time of uplink transmission from network scheduling perspective.
Support: vivo, CATT, China Telecom, Xiaomi, Spreadtrum, LGE, MTK, Qualcomm, OPPO, Nokia, NSB, Huawei, HiSilicon, NTT DOCOMO, Samsung, [Ericsson?]
· Option 2: T0 is the starting time of actual uplink transmission from UE perspective.
Support: ZTE, Apple
· Option 3: T0 is the starting time of uplink transmission from network scheduling perspective and the starting time of actual uplink transmission from UE perspective.
Support: Ericsson?
Moderator comments: In addition, companies supporting option 1 have following arguments:
· Option 1 is a “fixed” time from network perspective and Option 2 includes the UE specific TA and switching gap, which makes T0 is a dynamic value. As T0 is defined in the spec to determine the cut-off time, a dynamic T0 would make the cut-off time T0 – Toffset also dynamic. For option 1, the cut-off time of T0 – Toffset is fixed as T0 is from network perspective.
· T0 must be unchanged even when a UE may omit uplink transmission on certain symbol(s) on the switch-to carrier because the cut-off time T0-Toffset for DCI arrival is unchanged in case of such omitting.
· When the starting time of actual UL transmission and the starting time of scheduled UL transmission are not aligned due to the switching period located on the switch-to carrier(s), T0 should be the starting time of scheduled UL transmission which is earlier than the starting time of actual UL transmission (T0 + switching period). Since the switching period location can be determined after the switch-to carrier(s) is/are indicated by UL scheduling information, the starting time of actual transmission may not be determined just after the reception of the UL scheduling information. Hence, if T0 is the starting time of actual UL transmission, the timing that UE can determine T0 – Toffset is unclear for gNB.

Moderator comments: Considering the majority views and the arguments above, the following proposal is proposed.

Proposal v1: RAN1 provides the following answer to RAN4 question.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. From RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.

	Company
	Comments

	Apple
	One clarification question to proponents of option 1.
For option 1, it is commented that the cut-off time is fixed at T0 – Toffset and actual UL transmission will happen at T0 + switching gap (NTx-Tx2 )
However, in this case, the value of Toffset would be shortened by duration corresponding to NTx-Tx2 (switching gap) because the switching is happening actually after T0. Is that the understanding? If yes, then doesn’t the spec needs to be updated accordingly? Otherwise, the interruption due to switching gap is duplicated before T0 as well as after T0

	ZTE
	Based on our understanding, both option1 and option2 are workable. For option2, the T0 is determined as “starting time of the transmission occasion from network perspective + switching gap ”, it is also a fixed value instead of a dynmic value. 
If we go with option1, 
· For the case with sufficient scheduling gap, the time mask defined by RAN4 will actually be before the T0;
· For the case without sufficient scheduling gap, the time mask defined by RAN4 will actually be after the T0. 
This issue can be avoided by option2. Thus, we slightly prefer to go with Optoin2.

	NTT DOCOMO
	We support the FL proposal.
Regarding Apple’s question, we could not understand the meanining of “Otherwise, the interruption due to switching gap is duplicated before T0 as well as after T0”. When the UL transmission starting from T0 triggers UL Tx switching, the switching is performed either before T0 (in case that there is sufficient scheduling gap after the end of previous transmission or the switching period is located on carrier(s) of previous transmission instead of the carrier for the transmission triggering UL Tx switching) or after T0 (in case that the switching period is located on carrier for the transmission triggering UL Tx switching). There is no duplication of interruption in the first case (interruption may occur only before T0) and there is no duplication of interruption in the second case (interruption occurs only after T0 and actual transmission starts at T0 + switching gap (NTx-Tx2 )).
Regarding ZTE’s proposal (defining T0 as starting time of the transmission occasion from network perspective + switching gap), we think it is problematic as it effectively means T0-Toffset is shifted to T0-Toffset+switching gap and hence the time duration between such cut-off time and start of actual transmission is reduced. When the switching period is located on carriers with previous transmission, it means the duration of Toffset from scheduling to start of actual transmission cannot be ensured.

	Apple2
	To further clarify on our previous comment, basically what we mean is that the time duration between cut-off time and start of actual transmission is actually increased in case of option 1. Also, shown in Figure below. Basically with option 1, the duration between the cut-off time and start of actual transmission includes Toffset + switching gap. And since Toffset already includes switching gap, therefore, we think it is duplicated. On the other hand, with option 2, the duration between the cut-off time and start of actual transmission remains to be Toffset. 
[image: ] 


	Qualcomm
	We support FL’s proposal due to simplicity consideration.

	Xiaomi
	We also support FL’s proposal. T0 should be the expected starting time of PUSCH from gNB persepective. 
Regarding the right figure captured by the example given by Apple2, . it implies that Toffset should include switching gap, which is not align with the definition of Toffset. Toffset shoul the minimum time required by UE to process scheduling DCI and prepare PUSCH. It is not align with the timing design in current specification and hence it is unacceptable. Accordingly, we don’t see the issue of duplicated switching time.

	vivo
	T0-Toffset is used to determine the deadline before determining whether and how to perform Tx switching. Thus, T0 is always the starting time for uplink transmission on the switched-to carrier from a network scheduling perspective. But we think the clarification on T0 is also somehow related to the ambiguity on single Tx switching and two Tx switching. 
For the case where there are more than two UL after TX switching, if UE perfrom a single Tx switching, there should be only one T0-Toffset and only one T0. In this case, it should be clarified the starting time of which UL transmission is used to determine the cut-off time. 
If UE performs two Tx switchings, there will be two T0-Toffset and each of them has its own T0


Thus we have the following proposal：
From RAN1 perspective,
· For Tx switching involving the two Tx chains to switch between two different band pairs, if there are two uplink transmissions that are at least partially overlapped in the time domain on the switching-to carriers, T0 is the starting time for earlier uplink transmission on the two switched-to carriers from network scheduling perspective， regardless of whether there is a sufficient gap.
· Note that if the two Tx chains are triggered to switch between two different band pairs, and when the two UL transmissions after Tx switching are at least partially overlapped in the time domain, the UE performs it as one Tx switching instance involving more than 2 bands.
· For other Tx switching cases, T0 is the starting time for uplink transmission on the switched-to carrier from network scheduling perspective, regardless of whethere there is a sufficient gap

	Apple3
	@Xiaomi: Please kindly look at the UE processing/preparation time for the clauses that are cited under clause 6.1.6 for UL Tx switching. These UE processing/preparation times account for switching gap as well, whenever applicable. For example, below is the PUSCH preparation time in clause 6.4 of TS 38.214
[image: ]

	CATT
	We support FL proposal that T0 is the starting time of uplink transmission from network scheduling perspective. In current RAN1 spec, T0 is the starting time of UL transmission indicated by DCI or configured by RRC and Toffset is the prepration time of the UL transmission. 
If T0 is the actual start time of UL transmission after omitting UL transmission due to switching gap, then how does NW indicate or configured the start time of the UL transmission? And when does NW transmit scheduling signaling of UL transmission to ensure the prepration time? If we goes with option2, it will have impact on the timeline management at NW side. 

	Apple4
	After some offline discussion, we received the clarification to our conersn/questions. 
We are now fine with FL’s proposals

	MediaTek
	We support the proposal from the FL.

	FL
	Thank you very much for the discussion! It seems companies’ vews are aligned now.
One issue pointed out by vivo is that if there are two switch-to carriers, how to determine T0? 
But it is not necessary to complicate the discussion with one Tx switching instance or two Tx switching instances.
Proposal is updated as follows:
Proposal v2: RAN1 provides the following answer to RAN4 question.
· If there is one switch-to carrier, T0 is the starting time of uplink transmission on the switch-to carrier from network scheduling perspective, regardless of whether gNB provides sufficient time between the end of the UL transmission on the switch-from carrier(s) and the start of the UL transmission on the switch-to carrier or not. 
· If there are two switch-to carriers for one Tx switching instance, T0 is the starting time of earlier uplink transmission on the switch-to carriers from network scheduling perspective, regardless of whether gNB provides sufficient time between the end of the UL transmission on the switch-from carrier(s) and the start of the UL transmission on the switch-to carriers or not.

	Qualcomm
	Thanks for FL’s promotion. We have some concerns to include one Tx switching instance with different transmission starting time on two switch-to carriers, which is to be discussed in later meeting. We propose only use original FL proposal which is supported by majority. 
Proposal v1: RAN1 provides the following answer to RAN4 question.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. From RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.


	LGE
	We support Proposal v1 (sorry for the late comment)
Also, support Proposal v2

	Xiaomi
	We share same view with Qualcomm. Proposal v1 is sufficient.

	FL
	Based on offline discussion, companies have concerns on Proposal v2 while vivo can accept Proposal v1. So let’s get back to Proposal v1. 

Proposal v1: RAN1 provides the following answer to RAN4 question.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. From RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.

	MediaTek
	Support Proposal v1.

	CATT
	We support the proposal v1. For the definition of T0 for the case of two ‘switch-to’ band, we prefer to discuss in the future meeting. 

	Ericsson
	Thanks FL and all for the discussion and apologies for the late comment.
Regarding Proposal v1:
Proposal v1: RAN1 provides the following answer to RAN4 question.
When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. From RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.
Fron our perspective, the important is the bold text, that reflects RAN1 understanding. 	i
It seems to us, the highlighted text (that may happen), is RAN4 related. 
RAN4 asked us from RAN1 point of view, which of the two options are applicable. The answer is confusing. We state one of the options from RAN1 point of view (bold text). Then we also include the other option, i.e. highlighted text ,(but not from RAN1 point of view).
If we answer from RAN1, we should keep only the bold text. It is not clear how adding highlighted text helps RAN4. They may assume the highlighted text is also from RAN1 point of view, which would be incorrect. Because such thing is not convered in our specification.
The highlighted text can happen in reality, but that is not reflected in RAN1 spec. Which means whether the UE omits transmission on some symbol(s), will be a RAN4 discussion.
So, we suggest to update as the following:
Proposal v2: RAN1 provides the following answer to RAN4 question.
When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier.,  from RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.


	Ericsson2
	After an offline with FL (thanks!), we are fine with Proposal v1.



4. Proposal for online session (Thursday 5/25)
Proposal v1: RAN1 provides the following answer to RAN4 question.
· When gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, UE may omit uplink transmission on certain symbol(s) on the switch-to carrier. From RAN1 perspective, T0 is the starting time of uplink transmission from network scheduling perspective.
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