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1. Introduction
	In this document, the inputs from companies are collected on the discussion related to ambiguity issue for initial states in Rel-16 UL Tx switching.
One contribution have been submitted on this Rel-16 maintenance issue of UL Tx switching for PUCCH with HARQ-ACK (proposals/observations from the two contributions are listed in Appendix section of this summary):
[1] R1-2309818, “Discussion on ambiguity on initial state in Rel-16 UL Tx switching”, Apple

Please could provide your inputs by 17:00 (local time) on Tuesday (October 10)
Please provide your inputs  to 2nd round by 18:00 (local time) on Wednesday (October 11)





Summary of issue

In [1], initial state ambiguity issue for UL Tx switching is discussed. Essentially, once the UL Tx switching is configured, the initial UL Tx state is unknown at the network for carrier 1 and carrier 2. Furthermore, depending on the scheduling following the initial state, the ambiguity may still remain for the scheduling scenario when no transmission is scheduled on carrier 1 and 1-port transmission is scheduled on carrier 2. For this scheduling scenario, either UL Tx combination of 1Tx+1Tx or combination of 0Tx+2Tx can be assumed. If there is different assumption on the UL Tx states for carrier 1 and carrier 2 between network and UE, then there can be misalignment in terms of whether switching gap is needed to not for switching. 
For example, network and UE assume different combination for initial state on carrier 1 and carrier 2, respectively, e.g. network assumes 1Tx+1Tx and UE assumes 0Tx+2Tx, and if switching is triggered to schedule 1P+1P, then based on network’s assumption, no switching gap is needed and based on UE’s assumption, switching gap for 0Tx+2Tx -> 1Tx+1Tx is needed.


Summary of proposed solution

In [1], it is observed that there is no text in the specification to that handles the initial UL Tx states ambiguity scenario for carrier 1 and carrier 2 in NR Rel-16. Therefore, it is proposed that a default state can be assumed and clarified that will resolve the ambiguity issue for the initial UL Tx states. Following proposal is made in [1]:



Proposal 1: For Rel-16 UL Tx switching, to avoid the ambiguity on the initial state of the two carriers, between network and UE; and consequently avoid misunderstanding on whether switching gap is needed or not for switching from initial state to next state, following solution should be adopted:
· Default state of 0Tx+2Tx for carrier 1 and carrier 2 is assumed by both network and UE, respectively, for the scheduling scenario when there is no transmission on carrier 1 and single port transmission on carrier 2 in the initial state


2. [Closed] Discussion – 1st round
Companies are encouraged to provide their views/comments on the following questions/proposals for the facilitate the discussion on initial state ambiguity issue for Rel-16 UL Tx switching.
Question 1: Do you agree that currently there can be ambiguity regarding the initial UL Tx states on carrier 1 and carrier 2 for Rel-16 UL Tx switching?

	Company
	Agree –  Yes or No?
	Comments, if any

	MTK
	Yes
	

	Qualcomm
	Yes
	If the 1st state is 0+1P (Carrier 2 is 2 Tx), the issue would occur only when next state changes to 1P+1P or 0+2P and the issue would only happen one time. 

	ZTE
	Yes
	

	Samsung
	Yes
	

	Apple
	Yes
	

	Nokia, NSB
	Yes
	The initial state must always be 1T+0T or 2T+0T (PCell first) as the PCell UL must transmit before SCell can be added to the configuration. If the very first transmission on the SCell follows 1T+0T with either 0T+1T or 1T+1T it is not clear if the UE needs a gap for this very first UL Tx on the SCell.

	vivo
	yes
	

	LGE
	Yes
	

	Huawei, HiSilicon
	No
	The initial state is the UE Tx state for the UL slot where the RRC completion message is sent on a PUSCH because only after the slot a gNB is aware of that the UE is under UL Tx switching mode. The initial state should not be the UE state for a UL slot without any UL transmission.
We suggest to achieve common understanding on the concept of initial state first.
For the initial state, its determination for the slot is the same as the mechanism specified for all succeeding slot. Therefore, there is no ambiguity.

	Apple3
	
	@Huawei: Based on the responses and discussions, there is clear and common understanding that there is ambiguity for the initial UL Tx states after UL Tx switching is configured and SCell is added. Following this configuration, network may not know actual UL Tx state combination on carrier 1 and carrier 2 unless it schedules non-ambiguous cases such as 1P+1P or 0+2P. 




Question 2: If yes for Question 1, then do you agree that the ambiguity issue is for dualUL switching mode only? For switchedUL mode, there is no ambiguity?

	Company
	Agree –  Yes or No?
	Comments, if any

	Qualcomm
	Yes
	

	ZTE
	No
	For switchedUL, for the initial state, network also doesn’t know whether the UE is in state 2T+0T or 0T+2T. For example, if UE’s initial state is 2T+0T and network may understand it’s initial state as 0T+2T, in this case, if network schedules 1-port/2-port transmission on carrier2, network may assume no switching period is needed. However, in fact, the switching period is needed.

	Apple
	Yes
	As per our understanding, for switchedUL, switching gap is always assumed when switching from one carrier to another. So we don’t think there is ambiguity for switchedUL

	Nokia, NSB
	Yes
	@ZTE: There must always be an UL Tx on the PCell before SCell can be added to the configuration, so the initial state will always have either 1T or 2T on the PCell.

	LGE
	No ambiguity
	For switchedUL, the switching gap is always assumed when the switching is occurred and no ambiguity about the switching gap when the state before switching is 1T+1T.




Question 3: If yes for Question 1, then please provide your preference between the following alternatives to resolve the issue:
· Alt. 1: A default initial UL Tx state combination is assumed by both network and UE for carrier 1 and carrier 2
· Default initial UL Tx state of 0Tx+2Tx is assumed for carrier 1 and carrier 2 when Pcell is carrier 2
· Alt 2: When switching from initial state to next state, network should ensure the scheduling gap is long enough to accommodate the switching gap and it is up to UE implementation on whether it applies initial UL Tx state combination of 1Tx+1Tx or combination of 0Tx+2Tx

	Company
	Support Alt 1?
	Support Alt 2?
	Comments, if any

	MTK

	No
	Yes
	As this part is not clearly specified in spec, way forward from our perspective is drawing a RAN1 conclusion that NW should consider both 2 types of UE initial states (1Tx+1Tx or 0Tx+2Tx) and always arrange a gap for the first state change (scheduling).

	Qualcomm
	No.
	Yes
	As we comment above, this would only happen one time when switching from 0+1 to other state. This could be resolved in IoDT without any spec impact. If majority want to get a conclusion in 3GPP, we could accept a conclusion on Alt 2 without specification impact.

	ZTE
	No
	No
	First of all, we don’t support Alt.1 since network can avoid the potential ambiguity issue by implementation, for example if network schedules a 2-port transmission on carrier 2, then the Tx state will be aligned between UE and gNB since UE has to in the state 0T+2T for transmiting 2-port on carrier 2. 
However, we don’t think we need any conclusion or agreements for this issue. It is totally implantation choice. 

	Samsung
	No
	Yes
	We have the same view with QC. We also think this issue can be resolved by network implementation, but we can accept to make a conclusion based on Alt 2 without any spec change if majority want to have a conclusion. 

	Apple
	Yes (1st pref)
	Yes (2nd pref)
	Our first preference is to agree on a definitive initial UL Tx states as this would leave no room for any ambiguity between network and UE. This is also somewhat aligned with switchedUL assumption where always 2T is assumed for a carrier. Therefore, in our view, this is better aligned overall. 
@ZTE: Essentially, if this is left up to implementation, still it doesn’t guarantee UE that ambiguity will not happen. Without any conclusion or specification update, how can network ensure UE for certain that it will not configure/schedule ambiguity. Also, is there any particular concern on both Alt 1 and Alt 2?. Our intention is simply to conclude and potentially capture what network intends to handle via implementation so that UE doesn’t even need to consider the ambiguity issue

	Nokia, NSB
	No
	No
	Discussion on protecting the very first SCell UL transmission is unnecessary in 3GPP. It is logical that the gNB implementation follows Alt2, but if it does not, then the consequence is that the very first SCell UL Tx may consistently require HARQ retransmissions.
We’d be OK to record in the chairman’s notes that gNB implementation according to alt2 protects the transient, but it is not necessary to even state that such implementation is necessary or needs to be assumed.

	vivo
	
	yes
	As long as a sufficient gap is provided, there would be no issue even if the Tx state is ambiguous. Additionally, once 2P or 1P+1P is scheduled, the ambiguity would be resolved. 

	Apple2
	
	
	@Nokia: It is not just protecting the very first SCell UL transmission, but also PCell transmission as well when simultaneous transmission is scheduled on PCell and SCell in the next state after initial state. E.g., if initial state is 0P + 1P, where 1P is on PCell (on carrier 2). Then if next scheduling is 1P+1P, then because of this ambiguity, both PCell and SCell are impacted

	LGE
	No
	Yes
	We also think NW can avoid any potential ambiguity by implementation, but it may be helpful to capture the conclusion in the chairman’s note.

	Huawei, HiSilicon
	No
	No
	Suggest to achieve consensus on the concept of initial state first, otherwise the unclear concept of initial state cannot be included in any possible conclusion.
For alt 2, the sentence “it is up to UE implementation on whether it applies initial UL Tx state combination of 1Tx+1Tx or combination of 0Tx+2Tx” is incorrect because it is not in line with the current specification. For example, if the PUSCH with 2-port is scheduled for the initial state, the initial state should be only 2Tx-0Tx, it cannot be up to UE implementation.

	Apple3
	
	
	@Huawei: Regarding common understanding, as commented under Question1, there is clear understanding among the companies on the ambiguity issue. Regarding Alt 2, just to clarify, up to UE implementation for UL Tx state is for the ambiguity case, i.e. when 0P+2P combination is scheduled. We can further update the text under Alt 2 to make it clear. Of course for non-ambiguous cases, there is definite state.



FL’s summary of 1st round discussions
· Among all the 9 companies  that provided their response whether there is an ambiguity or not on the initial UL tx state for UL Tx switching, 8 companies agree that there is ambiguity. One company thinks that there is no ambiguity or at least they would like companies to be aligned on what is the initial state. Proponent company clarified that the initial state is after UL Tx switching is configured and Scell is added. Only then there can be ambiguity on how the UL Tx chains are associated with carrier 1 and carrier. Also, it is clarified that the ambiguity continues as long as 0P+1P is scheduled by network on carrier 1 and carrier 2
· On the question whether ambiguity is there only for dualUL or for switchedUL as well, majority thinks that the ambiguity is only for dualUL mode. It is clarified that for switchedUL, switching gap is always assumed when switching occurs and therefore, there is no ambiguity.
· On the proposal whether Alt 1 or Alt 2 is adopted, majority supports Alt 2, i.e. network scheduling could ensure that there is always sufficient scheduling gap (to accommodate the switching gap) when switching from ambiguous initial state (0P+1P) to another non-ambiguous state (such as 0P+2P or 1P+1P or 1P+0P). With sufficient scheduling gap ensured by network, it is up to UE to apply either of two possible UL Tx states for the ambiguous scenario ((i.e. 0Tx+2Tx or 1Tx+1Tx for 0P+1P)). Also, majority thinks that it could be sufficient to have a conclusion on this. 

3. [Closed] Discussion – 2nd round
Based on the inputs in the 1st round, following questions and proposal are provided. Please provide your comments. 
Question 4-1: Please respond only if companies have concern on taking a conclusion based on Alt. 2, i.e. network ensures sufficient gap for switching from initial ambiguous UL Tx state to next UL Tx state for dualUL switching mode in Rel-16? 
Please note that the exact wording for the conclusion can be discussed under Proposal 1 below

	Company
	Comments, if any concern 

	ZTE
	We still don’t see the need to have such conclusion. In fact, the ambiguous UL Tx state is not an issue specific for the initial Tx state, network and UE may not be on the same page for the Tx state after the initial state due to miss-detection or false alarm. Network has different methods to handle this issue, but we don’t see the necessity to have RAN1 conclusion for it.
Similar issues happen for BWP switching, gNB and UE may become unaligned with BWP understanding, but we don’t have any specific conclusion in RAN1 for this.

	Ericsson1
	Not OK to take RAN1 conclusion in direction of Alt2. If issue left to gNB implementation (which seems to be Alt2 intention), there is no need for RAN1 to conclude/specify what a particular gNB implementation may/may not do.
We are open to further discussion in direction of Alt1 i.e., whether additional clarification on UE behavior for this issue is beneficial.

	Nokia, NSB
	We are OK with a RAN1 conclusion in the spirit of the Alt.2 intent, but have a similar concern as Ericsson that the current proposal is overly assertive. We will provide detailed comments on Question 4-2

	CATT
	Conclusion is not needed. It’s up to gNB implementation. 

	Apple
	In our view, saying just it is up to gNB implementation without conclusion leaves the issue open and especially when all the companies do agree that there is an issue. The least we should agree on is having a conclusion to give some guidance to UE



Proposal 1: For Rel-16 dualUL UL Tx switching mode, if there is an ambiguity at the gNB on the initial UL Tx switching states mapping to carrier 1 and carrier 2, then gNB ensures that there is sufficient scheduling gap to accommodate the switching gap for switching from initial state to the next state
· It is up to UE implementation on how the two UL Tx chains are mapped to carrier 1 and carrier 2.
Please provide your comments on proposal 1, if any
	Company
	Comments, if any 

	ZTE
	First of all, as we commented in the question 4-1, the ambiguity issue is not only for initial UL Tx switching. It also happens after the initial Tx switching, e.g., due to miss-detection or false alarm. It is not clear why we only discuss this initial Tx state only. If it is the general potential ambiguity on Tx state, it applies to both switchedUL or dualUL. But again, we don’t see the need to have this proposal or conclusion. 

	Apple
	@ZTE: In our view, it is a bit weird to compare the issue with mis-detection here. First, mis-detection possibility is typically 1%, while on the other hand, for this ambiguity case, the possibility is 50% that network and UE have opposite assumption on TX state. So we don’t think this is valid argument against the proposal that helps to resolve the issue. Second, if going by logic that anyways mis-detection can result in similar issues, then why did we even specify very elaborate enhancements to solve every ambiguity issue for UL Tx switching in Rel-17 and Rel-18. Technically, it makes sense to resolve one remaining ambiguity issue in Rel-16 as well. And the proposal based on Alt 2 seems to be the most acceptable way to go.
We support the conclusion in Proposal 1

	Ericsson1
	Please see response to Q4-1

	Nokia, NSB
	For Rel-16 dualUL UL Tx switching mode, if there is an ambiguity at the gNB on the initial UL Tx switching states mapping to carrier 1 and carrier 2 for the first UL transmission, it is up to the gNB implementation how to handle this case, theen gNB ensures that there is sufficient scheduling gap to accommodate the switching gap for switching from initial state to the next state
· It is up to UE implementation on how the two UL Tx chains are mapped to carrier 1 and carrier 2 before the 1st UL transmission on the SCell is taking place..


	MTK
	Fine with Proposal 1.

	Samsung
	We prefer to the proposal suggested by Nokia, but we are not sure that this issue can happen only for 1st UL transmission on the SCell. Therefore, we modify the proposal as follow:

For Rel-16 dualUL UL Tx switching mode, if there is an ambiguity at the gNB on the initial UL Tx switching states mapping to carrier 1 and carrier 2 for the first UL transmission, it is up to the gNB implementation how to handle this case, theen gNB ensures that there is sufficient scheduling gap to accommodate the switching gap for switching from initial state to the next state
· It is up to UE implementation on how the two UL Tx chains are mapped to carrier 1 and carrier 2

	CATT
	We prefer not to have this conclusion.

	Apple
	@Nokia, Samsung: Thanks for suggested updates to proposal 1. In our view, if we remove the text on how gNB handles this case, then we are not sure, if it helps UE in anyways because it doesn’t really say anything on how it could be handled. Because that could help UE to know what to expect when switching from the ambiguous initial state. Also, we are not sure, if and what other possibility exist from network side to handle the issue, except ensuring sufficient scheduling gap. However, to accommodate your concerns, we could consider further updated proposal to include this as an example. And on the comment from Samsung, we also update the sub-bullet to make it more generic:

For Rel-16 dualUL UL Tx switching mode, if there is an ambiguity at the gNB on the initial UL Tx switching states mapping to carrier 1 and carrier 2 for the first UL transmission, it is up to the gNB implementation how to handle this case, theen e.g., gNB may ensure that there is sufficient scheduling gap to accommodate the switching gap for switching from initial state to the next state
It is up to UE implementation on how the two UL Tx chains are mapped to carrier 1 and carrier 2 in the initial UL Tx switching state



Question 4-2: Please provide comments on whether the companies prefer to capture the conclusion based on Alt. 2 in specification or not? 
	Company
	Comments 

	ZTE
	Please see our comments in question 4-1 and proposal 1.

	Apple
	Our preference if to capture the conclusion in the specification so that it is easy our implementation to refer to specification rather than tracking the conclusion

	vivo
	We think a conclusion is sufficient.

	Ericsson1
	Please see response to Q4-1

	Nokia, NSB
	We don’t see the necessity to specify for this particular transient and think conclusion is fine.

	MTK
	Fine to capture the conclusion based on Alt. 2 in specification or draw a RAN1 conclusion.

	Samsung
	We think that just conclusion in Chair’s Note is sufficient.

	CATT
	No need to capture in the spec.



If we agree to make a conclusion to resolve the ambiguity issue for Rel-16 UL Tx switching, then it might be beneficial to also clarify whether similar conclusion is needed for Rel-17 or not, i.e. is there any initial state ambiguity issue for Rel-17 or not.
Question 4-3: Do companies think if there is similar initial state ambiguity issue on UL Tx states for Rel-17 UL Tx switching?
	Company
	Yes or No?
	If yes, please clarify 

	ZTE
	
	The potential ambiguity is only for initial state, it also happens after the initial Tx switching e.g., due to miss-detection or false alarm.

	Apple
	
	If RRC configuration of “oneT” or “TwoT” in Rel-17 is also applicable to initial UL Tx states, then we think that there should be no ambiguity on initial UL Tx switching states in Rel-17.

	Nokia, NSB
	
	For cell pair with 2T on both it should be possible to assume that a gap is always needed before the first SCell UL transmission without any specification action.



4. Conclusion

· Based on the inputs and offline discussions, all the companies that provided input agree that there can be ambiguity on the initial UL Tx states for dualUL in Rel-16 UL Tx switching before the first UL transmission is scheduled on SCell, and consequently there can be misalignment between network and UE whether switching gap is applied or not
· For switchedUL, majority thinks there is no issue because for this mode, switching gap can always be assumed when switching from one carrier to another carrier


· In terms of handling the issue, majority of the companies seem to be supportive/fine to have a conclusion that gNB handle this issue and UE can assume either of 1Tx+1Tx of 0Tx+2Tx UL Tx state before ambiguity is resolved, but majority is not in favor of capturing it in the spec
· Few companies indicated their view that gNB implementation behavior to handle the issue should not be mandated in conclusion
· Taking this view also into consideration, a more relaxed wording for the conclusion is provided by Nokia and further updated by Samsung and Apple


· Based on the discussion, following FL proposal is provided
Proposed Conclusion: 
For Rel-16 dualUL UL Tx switching mode, if there is an ambiguity at the gNB on the initial UL Tx switching states mapping to carrier 1 and carrier 2 for the first UL transmission, it is up to the gNB implementation how to handle this case, e.g., gNB may ensure that there is sufficient scheduling gap to accommodate the switching gap for switching from initial state to the next state
· It is up to UE implementation on how the two UL Tx chains are mapped to carrier 1 and carrier 2 in the initial UL Tx switching state











· Another issue discussed was whether similar ambiguity issue exists for Rel-17 UL Tx switching or no
· Based on the limited inputs and offline discussions, it seems that companies think there might not be ambiguity issue for initial UL Tx states, but there seems to be two different understanding on how this issue is avoided in Rel-17
· Possibility 1: Always 2T is assumed on Pcell in the initial state before first UL transmission on Scell because both carriers can have 2Tx UL Tx states
· Possibility 2: RRC configuration of “oneT” or  “twoT” is also applicable for initial states
· Considering very limited discussion on this, more time could be given to companies to further align exactly on how the ambiguity is avoided in Rel-17 UL Tx switching

5. Reference
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