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1 Introduction
This document summarizes the discussions for email thread ([104b-e-NR-R17-SDT-LS-01] under agenda item 5.2 to reply LS from RAN2 [1] on UL TA for small data transmissions.
2. Discussion
Table 1 summarizes the proposals of RAN1#104b-e contributions addressing TA validation for CG-SDT.
Table 1 RAN1#104b-e contributions on TA validation for CG-SDT
	Contribution
	Proposals for TA validation for CG-SDT

	R1-2102312 [2]
	RAN1 confirm that the RSRP change of the downlink pathloss reference can be a suitable criterion for determining the validity of the uplink timing alignment for CG-SDT. The threshold can be explicitly configured to a UE transferring to RRC_INACTIVE.

	R1-2102578 [3]
	The TA validation mechanism for CG-SDT is based on RSRP change

	R1-2102647 [4]
	RAN1 should study enhancements to the serving cell RSRP variation based TA validation that work in multi-beam cells.

	R1-2102837 [5]
	RSRP can be used as the criterion for determining the validity of the uplink timing alignment for CG-SDT. Cell level RSRP shall be used for uplink timing alignment validation.

	R1-2102932 [6]
	For CG-SDT, validity of uplink TA can be determined based on the serving cell level RSRP change.

	R1-2103013 [7]
	It is feasible to utilize SS-RSRP change for TA validation of CG-SDT.

	R1-2103139 [8]
	A RRC inactive UE configured with CG-SDT resources can measure L1-RSRP based on SSB (SS-RSRP) to validate the UL timing alignment of SDT.
Usage of the RSRP of a reference beam to calculate the RSRP change and based on which to determine if TA is valid. 

	R1-2103211 [9]
	A TA validation mechanism for SDT based on the RSRP change of best SSB could be used. The threshold should be carefully configured by gNB

	R1-2103494 [10]
	For CG-SDT, it is beneficial to introduce TA validation mechanism based on RSRP variation. 
· The RSRP of the DL pathloss reference can be used for TA validation.
It is up to network configuration whether or not to enable the TA validation mechanism.
· If not configured, the TA is always considered as valid.

	R1-2103678[10]
	Use RSRP measurement on a set of SSBs per CG PUSCH configuration to derive an RSRP change for TA validation in CG based SDT, and the set of SSBs can be determined based on an absolute RSRP criterial with an absolute RSRP threshold configured for TA validation.
Different RSRP variation thresholds and TAT configuations can be configured for different sets of SSBs with different beam width which can be e.g. in different CG PUSCH configurations
On top of the TA validation based on RSRP change, support TDOA based crieterial for TA validation in CG based SDT.



First round discussion:
Based on companies’ proposals, following questions are raised to collect companies’ views on TA validation for CG-SDT. 
Q1: Is it agreeable that RSRP change based TA validation scheme can be used for UL TA validation for CG-SDT?
	Company
	Comment(s)

	Huawei
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2] Yes

	ZTE
	Yes

	Ericsson
	Yes

	CATT
	Yes

	Intel
	Yes

	Apple
	Yes

	Spreadtrum
	Yes

	Samsung
	Yes

	Nokia
	Yes

	Lenovo
	Yes



Q2: If RSRP change based TA validation is supported, in high level which kind of RSRP is utilized for UL TA validation for CG-SDT? Or any other options? If RSRP change based TA validation is supported, which RSRP (in high level) is utilized for UL TA validation for CG-SDT? Opt.1: cell-level RSRP (consolidated SS-RSRP), similar with the scheme in LTE PUR, Opt.2: SSRSRP, or any other options?
	Company
	Comment(s)

	Huawei
	Option1, cell level

	ZTE
	Option2, SS-RSRP with the selected beam is slightly preferred. 

	Ericsson
	SS-RSRP and different beams should be considered in NR which is different from LTE

	CATT
	We are fine with option 1

	Intel
	We prefer option 2, i.e., SS-RSRP based on the selected SSB.

	Apple
	Option 1 is preferred

	Spreadtrum
	Option is prefer

	Samsung
	option2 is prefered. but it might be worthy to discuss whether using selected beam (no change of beam) or best beam (possible change of beam), we slightly prefer to best beam.

	Lenovo
	Option 1 is preferred.



Q3: If cell-level RSRP change (opt.1 in Q2) is supported, whether and how to enhance TA validation based on cell-level RSRP change, e.g., to handle the issue that TA is not valid when the UE transitions between SSBs, while the cell-level RSRP is still within the configured interval?
	Company
	Comment(s)

	Huawei
	No special handling needed. The performance impact is small and for SDT the typical cases/scenarios would not cause much TA invadidation.

	ZTE
	No special handling needed

	CATT
	No special handling needed

	Apple
	No special handling needed

	Nokia
	It seems difficult to manage this, TA validation may succeed while in reality the TA is invalid.



Q4: If SS-RSRP change (opt.2 in Q2) is supported, whether and how to enhance TA validation based on SS-RSRP change, e.g., to handle the issue that TA should be valid with the small change of distance of UE to gNB, while the instant SS-RSRP change of the camping SSB is beyond the threshold, which causes TA invalidation?
	Company
	Comment(s)

	ZTE
	Averaged RSRP based on a subset of SSBs can be considered. The RSRP based TA variation can be disabled (not configured) if the RSRP variation caused by beam operation is not accurate enough.

	Ericsson
	Absolute SS-RSRP threshold can be defined to select different subset of SSB beams at different times, e.g. at the time when a TAC is received, and at a time when TA validation is performed. An average of the SS-RSRP can be performed on the selected set of SSBs in order to derive the SS-RSRP change between the 2 time instants.
SS-RSRP change threshold should be defined to determine whether the SSRSRP change criterial is met.
Both absolute SS-RSRP threshold and SS-RSRP change threshold should be defined per CG PUSCH configuration since different CG PUSCH configurations may be configured with different sets of SSBs as is being discussed in the other email thread. And these different sets of SSBs may have different SSB beam width depending on the implementation which requires different threshold values.
A TAT will be used together with the SS-RSRP criterial for TA validation, TAT should be configured together with the RSRP threshold values above in our understanding since different timer duration may be required for different SSB beam width in different CG PUSCH configurations.

	CATT
	TAT based solution supported in RAN2 can be used

	Nokia
	Both ZTE and Ericsson point to good directions. Average RSRP over a set of SSBs, SSB (or set of SSBs) specific RSRP thresholds, an SSB (or a set of SSBs) specific TAT are all feasible candidates to consider. Additionally receive timing based validation could be considered.

	Samsung
	if the camping SSB here means still the best SSB beam a UE find, then in this case, UE should claim the TA is invalid. if the camping SSB is not the best beam, we think we should compare the RSRP change between best beams.



Q5: In case RSRP change based scheme is not supported, which scheme can be used for UL TA validation for SDT?
	 Company
	Comment(s)

	Huawei
	TAT based solution is already in RAN2. In addition, it should be noted (see our contribution) for SDT the TA is largely valid and the performance impact due to inaccurate TA is small, such that we propose, as already supported in PUR in LTE, a TA-free case where the timer configuration IE can be absent or the value for the TAT can be ’infinity’.

	ZTE
	Agree with Huawei that TAT can be absent indicating that TA is always valid. And also the RSRP based TA variation can be configured optionally.

	Ericsson
	TDOA based TA validation can be supported, which has higher accuracy than the RSRP based TA validation as is illustrated in our contribution R1-2103678. And this TDOA based criterial can be either supported together with RSRP based criterial or they can be optionally selected for different cases to make sure of the TA validation accuracy in multi-beam based NR.

	CATT
	TAT based solution supported in RAN2 can be used

	Intel
	We share similar view as other companies that TAT can be configured as absent to indicate that TA is always valid, similar to LTE PUR. but this can be decided in RAN2.

	Apple
	We share the views as Intel

	Samsung
	along with the TAT method which has been mentioned by other companies. One possible other method could be the absolute SS-RSRP threshold, e.g., when the absolute SS-RSRP is larger than a value, we can consider No TA is need, the UE is close enough to base station so that the CP is enough to cover the RTT. but anyway, the decision should be made in RAN2

	Nokia
	We agree that TAT disabling (preferrably per SSB or SSB set) should be supported. TDOA, other cell RSRP, or own cell receive timing against a reference clock could be considered.



Q6: Any other issues are relevant for discussion?
	
Company
	Comment(s)

	Ericsson
	Since TAT is supposed to be used together with other criterial, like RSRP/TDOA based criterial, it’s better to inform RAN2 of views from RAN1 on which one is optional , which one is mandatory and which related parameters should be configured UE specific or CG configuration specific etc.

	Nokia
	In addition to Ericsson note, we would suggest indicating to RAN2 that RAN1 is discussing SSB (or set of SSBs) specific TA validation



Second round discussion:
Based on companies’ answers for the questions in the first round discussion, following proposals are provided for further inputs,
Proposal 1: RSRP change based TA validation criterion can be used for UL TA validation for CG-SDT. Please response if you have strong concerns (and please describe the concerns).
	
Company
	Comment(s)

	ZTE
	Support

	CATT
	Support

	Huawei
	Yes

	Intel
	Support



Proposal 2: RSRP change based TA validation criterion is an optional criterion, and is valid only when the gNB configures RSRP change thresholds. Please response if you have strong concerns (and please describe the concerns).
	
Company
	Comment(s)

	ZTE
	Support

	CATT
	Support

	Huawei
	Suppport in general while suggest minor clarification (to clarify it is not saying TA is valid or not):
“RSRP change based TA validation criterion is an optional criterion, and the criterion is valid only when the gNB configures RSRP change thresholds.”

	Intel
	Fine with the suggestion from Huawei



Proposal 3: For RSRP change based TA validation criterion, the RSRP is a linear averaged RSRP of a subset of SSBs. An SSB is contained in such subset of SSB if the measured RSRP is higher than an absolute RSRP threshold. Please response if you have strong concerns (and please describe the concerns).
	
Company
	Comment(s)/Suggested Revision(s)

	ZTE
	We are ok with the proposal, although our first preference is to use the SS-RSRP corresponding to the selected beam.

	CATT
	In principal we are fine with this proposal and the RSRP should be cell-level. In our understanding, the detail calculation rule of average RSRP and RSRP change threshold are also related to RAN2 and RAN4.

	Huawei
	Similar view with CATT, the detailed calculation rule of average RSRP is better to be discussed in RAN2/RAN4.

	Intel
	We prefer SS-RSRP based on the selected SSB, but we are open for average RSRP over a subset of SSBs. We share similar views as CATT and Huawei that the details can be left for RAN2 or RAN4 to decide.

	Nokia
	We agree that average of the RSRPs of a subset of SSBs should be considered, but not sure yet if the proper methodology is to consider SS-RSRPs that meet a threshold, and especially an absolute RSRP threshold. A more proper way might be to define the SSB sets in configuration, or consider a threshold relative to the best SSB. So at this stage we would rather just say that the SSB selection for averaging is still under discussion.



Third round discussion:
Based on companies’ view on the proposals in the second round discussion, following LS contents are proposed and discussed.
Utilize the following content to reply RAN2 LS:
1). Overall Description:
RAN1 would like to thank RAN2 for the LS on uplink timing alignment (TA) for small data transmissions (SDT) in R1-2102286 (R2-2102090).
RAN1 discussed the TA validation based on RSRP change criterion, and confirm that the change of RSRP could be taken as an optional criterion for determining the validity of the UL TA for CG-SDT considering the multi-beam operation. The criterion is valid only when the gNB configures RSRP change thresholds. RAN1 sees a few potential options on how the RSRP change thresholds are configured, e.g., cell level configured, or per set of SSBs configured, or configured per CG PUSCH configuration, etc. RAN1 understands this shall be studied in RAN2. 
The RSRP in the criterion is a linear averaged RSRP of a subset of SSBs. The suitable mechanism for determining this subset of SSBs is still to be discussed further in RAN1. Candidates under study include e.g., determination based on an absolute RSRP threshold, or defining based on the SSB subset in configuration, etc. RAN1 will inform RAN2 if further progress is achieved in future. An SSB is contained in such subset of SSBs if the measured RSRP is higher than an absolute threshold. RAN1 understand that the details of the calculation of the average RSRP and RSRP thresholds are to be discussed in RAN2/RAN4.
Please note besides the RSRP change criterion and the TAT criterion (as agreed in RAN2), other criterions are under discussion in RAN1 e.g., to handle the potential issue of accuracy of TA validation from absolute RSRP. RAN1 does not reach consensus if the issue exists, and it is RAN1 understanding that this potential issue of accuracy of TA validation from absolute RSRP belongs to RAN4 expertise. defined by RAN4. They are under study in RAN1 and might need input from
RAN4.
2). Actions
To RAN2: RAN1 respectfully asks RAN2 to take the above information into account.
To RAN4: RAN1 respectfully asks RAN4 to also take the above information into account and provide input to RAN1 on the accuracy of the RSRP based TA validation.

Proposal: Please check above the draft LS contents and provide comments/revisions, if any. Thanks.
	
Company
	Comment(s)/Suggested Revision(s)

	CATT
	We are fine with the above draft reply LS to RAN2.

	Nokia
	Generally fine. On this part: ”An SSB is contained in such subset of SSBs if the measured RSRP is higher than an absolute threshold. RAN1 understand that the details of the calculation of the average RSRP and RSRP thresholds are to be discussed in RAN2/RAN4.” we would suggest small updates along the lines of our comment to the earlier question: ”The suitable mechanism for determining the set of SSBs in such subset of SSBs is still to be discussed further.”

	ZTE
	We are generally fine with the draft. 
We think the calculation of the averaged RSRP should be RAN1’s responsibility, and how to configure/signal the threshold(s) can be left to RAN2.

	Ericsson
	Please find our proposed changes to the last paragraph in the ”Overall Description” part: 
On top of the RSRP change criterion and the TAT criterion, other criterions for TA validation have also been discussed in RAN1 considering the potential issue of absolute accuracy of RSRP defined by RAN4, and input from RAN4 on this is needed. The other non-RSRP based criterials discussed in RAN1 are: 
· TDOA based method,
· own cell receive timing against a reference clock.
And when replying to RAN2, we propose this to RAN4 as well given the RSRP change measurement accuracy etc. should be considered by RAN4.

	Moderator
	@Ericsson, please note this reply LS is dedicated for RSRP change based criterion, so I doubt if it is useful to talk that much on criterions other than RSRP change based criterion. How about revise the last paragraph as such, ”Please note besides the RSRP change criterion and the TAT criterion (as agreed in RAN2), other criterions e.g., TDOA based, own cell receive timing against a reference clock, etc., might be beneficial and are under study in RAN1.

	Moderator
	In 0.0.6, I revise further the last paragraph trying to better incorporate E///’s comments.

	ZTE
	Regarding ”The suitable mechanism for determining this subset of SSBs is still to be discussed further”, shall we at least give some examples that RAN1 has been considered, e.g. including the one deleted in the latest version?

	Ericsson
	Thanks for the updates. We’re generally fine with this version.
One comment is that we need to copy this LS reply to RAN4 as well, since some RAN4 input may be needed for discussions on remaining issues in RAN1 later. And in the action part it would be good if we ask RAN4 to provide some input to us as well:
To RAN2: RAN1 respectfully asks RAN2 to take the above information into account.
To RAN4: RAN1 respectfully asks RAN4 to also take the above information into account and provide input to RAN1 on the accuracy of the RSRP based TA validation.

	Moderator
	Updated based on comments from ZTE and Ericsson. thanks.

	Intel
	We are generally fine with the reply LS. Some quick comments:
1. For ”cell level configured, or per set of SSBs configured, or per CG PUSCH configured”, it is good to clarify CG PUSCH configured. Is this per CG-PUSCH resource, or per CG-PUSCH configuration?
2. For ”or defining the SSB subset in configuration, etc.”. It is not clear to us the meaning of ”defining”. Suggest to update this to ”based on”.
2. For ”e.g., to handle the potential issue of accuracy of TA validation from absolute RSRP defined by RAN4. They are under study in RAN1 and might need input from RAN4. ” We are not sure whether this is current under the study in RAN1. We suggest to remove the ”They are under study in RAN1 and might need input from RAN4. ”.

	Moderator
	Thanks Intel for the comments. per CG PUSCH means per CG PUSCH configuration, will clarify this in the new version; ”defining the SSB subset in configuration” will be updated to be ”based on the SSB subset in configuration”.
For the last comment, I’d like to follow Intel’s suggestion to remove ”They are under study in RAN1 and might need input from RAN4”. We could keep the potential issue here and see if companies could have common understanding on it. Then possibly send RAN4 an LS later for their input. @Ericsson, hope this is OK for you. thanks.

	Ericsson
	For the last paragraph, RAN4 input need should be captured and the study on the accuracy of RSRP is needed based on RAN4’s input.
So we should keep the ”to RAN4” part in the ”Actions” part. But to address Gary’s concern, we are fine to remove RAN1 study related text and revise it to: e.g., to handle the potential issue of accuracy of TA validation from absolute RSRP defined by RAN4 and RAN4 input is needed.
Regarding ”The suitable mechanism for determining this subset of SSBs is still to be discussed further.”, does this mean discuss in RAN1 further in next meeting? If yes, we should tell RAN2 (i.e. include ”in RAN1” in the end of this sentence) further discussions in RAN1 is needed so that RAN2 will wait for the outcome from RAN1.

	CATT
	In principal, we are fine with current version 0.0.8.
We have the same view with Ericsson’s RAN4 comment on ”to handle the potential issue of accuracy of TA validation from absolute RSRP defined by RAN4 and RAN4 input is needed.”
For ”actions” section, it is better to keep asking RAN4 to provide some input on the accuracy of the RSRP.
So we suggest to keeping the removed description on RAN4 in ”action” section.

	Qualcomm
	Ver 0.0.8 looks good to us

	Huawei
	1. It is not quite clear to us whether only the subset of SSBs are used for measurement or a UE can still measure more SSBs while only a subset of SSBs is used for averaging operation. The latter is our understanding and request to clarify this.
2. Ok with CC to RAN4 but suggest to revise it a bit, as RAN1 has no consensus on any issue and the benefits of other tool.
==>
Please note besides the RSRP change criterion and the TAT criterion (as agreed in RAN2), there may be other criterions that can be further discussed might be beneficial e.g., to handle the potential issue of for accuracy of TA validation from absolute RSRP while currently there is no consensus that the accuracy of TA validation is an issue.

	Moderator
	Thanks Huawei for the comments. For the first one, we just say the RSRP of a subset of SSBs are averaged, and not restrict if UE measures only the SSBs in the subset. This corresponds to different options. I updated the last paragraph based on your second comment. Thanks.



3 Outputs
It was agreed that latest LS content in NWM document v0.0.9 is endorsed. Final LS (cc RAN4) in R1-2103994  revised in R1-2104012 was agreed. 
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