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This document provides a summary of the following email discussion for AI 8.5.1:
[104b-e-NR-ePos-01] Email discussion/approval on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays with checkpoints for agreements on Apr-15, Apr-20 – Ren Da (CATT)
One of the RAN1 objectives of this work item is to:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

The document covers the following aspects related to potential enhancements related to the accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays based on the contributions [1-22]:
	2 Definitions of UE/TRP Rx/Tx timing errors and Timing Error Groups
3 Methods for mitigating UE/TRP Tx/Rx timing errors
3.1 TRP Tx and UE Rx timing errors for DL TDOA
3.2 UE Tx and TRP Rx timing errors for UL TDOA
3.3 UE Rx/Tx timing errors in DL+UL positioning
3.4 gNB Rx/Tx timing errors for DL+UL positioning
4 Reference devices for mitigating UE/gNB Tx/Rx timing errors
5 Measurement enhancements for mitigating UE/gNB Tx/Rx timing errors
6 Additional proposals




[bookmark: _Toc511230578][bookmark: _Toc511230715]Notes:
· The following highlights will be used in this summary:
· “Pink highlights” are used for proposals with high priority
· “Yellow highlights” are used for proposals with medium priority
· “Turquoise highlights” are used for offline consensus/conclusion
· “Grey highlights” are used for proposals resolved in this meeting.
Note: The above priority highlights are used mainly as a suggestion of the priority for online discussion. The priority indications may be changed based on the received comments. During the email discussion, interested companies are encouraged to provide comments to all proposals regardless of the priority indications. 
· When providing the comments, it would be helpful to indicate explicitly whether to “support”, or “not support”, or provide a suggestion of modification. A comment of “high/medium/low priority” is only interpreted as a suggestion for the priority for email/online discussions. For a proposal with multiple options, it would be helpful to indicate which of the option(s) are “supported” and/or “preferred”.
· For a proposed enhancement, if we cannot reach a consensus, we may conclude that “a consensus cannot be reached for the proposed enhancement” for this email discussion in this meeting. It does not necessarily mean the proposed enhancement will not be further discussed in future meetings.
 
[bookmark: _Toc69027113][bookmark: _Toc48211442][bookmark: _Toc54553017][bookmark: _Toc54552895][bookmark: _Toc48211440]Definitions of UE/TRP Rx/Tx timing errors and Timing Error Groups
Background

The following agreement was made in RAN1#104e for the definitions of the UE/TRP Tx/Rx timing errors and UE/TRP  Tx/Rx TEGs. The definitions were agreed upon for purpose of discussion of methods, measurements, signalling, and procedures for mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors, but was not agreed to be included in the specifications yet. 

	Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.




Submitted proposals
In the meeting, there are further discussions related to the above definitions:
· (Huawei R1-2102348) Proposal 6: Extend the UE Tx TEG to be port specific, and extend the gNB measurement indication associated with SRS port.
· (OPPO R1-2102399[3]) Proposal 1: RAN1 sends a LS to inform RAN4 the definition of UE Tx TEG, TRP Tx TEG, UE Rx TEG, TRP Rx TEG, UE RxTx TEG, TRP RxTx TEG, and to ask for the answers of the following questions:
· Q1: What’s the typical value of the certain margin for each definition? 
· Q2:  Whether or not can UE measure the timing error with sufficient accuracy?
· (vivo R1-2102526 [4])Proposal 1:	
· The issues of ‘inter-TRP timing error’ in DL-TDOA/UL-TDOA method should be clarified.
· e.g., whether to regard ‘inter-TRP timing error’ as synchronization error beween TRPs.
· (vivo R1-2102526 [4])Proposal 2:	
· Support 1 Tx TEG and 1 Rx TEG on the TRP side for positioning, so that a TRP does not need to provide the association information with Rx/Tx TEG to the LMF.
· (Samsung R1-2103243[14])Proposal 2: RAN1 further considers TEG with the two following options:
· Option1: The TEG can be defined to indicate antenna panel index, i.e., two measurements associated with the same TEG means that these measurements are obtained at the same antenna panel.
· Option2: The TEG index can be supported as an indicator for the value range of RX/TX timing errors associated reported measurement.
· (MediaTek R1-2103600[18])Proposal 4a-1: Using TEG to implicitly indicate the associated physical antenna panel is feasible for gNB side, even though gNB may at the end implement a single antenna panel
· (MediaTek R1-2103600[18])Proposal 4a-2: RTD could be TX TEG specific if there are multiple antenna panels at TRPs
· (MediaTek R1-2103600[18])Proposal 4a-3: TX group delay difference between a pair of TRPs is part of RTD
· (MediaTek R1-2103600[18])Proposal 4a-4: If TRP has multiple antenna panels, each having its own RF chain, then there should be association between DL-PRS transmission and physical antenna panel (represented by TX TEG implicitly)
· (MediaTek R1-2103600[18])Proposal 4a-9: For the TRP with on-the-fly inside-chip calibration capability, the estimated round-trip group delay and corresponding statistics per physical antenna panel could report to the location server to facilite downlink RTD estimation
· (Ericsson R1-2103771[22])Proposal 1	Two UL SRS transmissions should be classified as being part of the same UE TX TEG only if the maximum difference in timing error between the two UL SRS transmissions is evaluated by the UE to be smaller than some threshold value.
· (Ericsson R1-2103771[22])Proposal 5	Two TOA measurements should be classified as being part of the same UE RX TEG only if the maximum difference in timing error between the two TOA measurements is evaluated by the UE to be smaller than some threshold value.
·  (Ericsson R1-2103771[22])Proposal 17	Reporting of gNB RX/TX TEG associations should not be specified since alternative mitigation techniques based on Rel. 16 exist.

FL comments
· For Huawei’s proposal to extend the UE Tx TEG to be port specific, and extend the gNB measurement indication associated with SRS port, SRS for positioning is currently transmitted only from a single port. It might be reasonable to extend to the port if SRS for positioning is transmitted in more than one port, or when the UE Tx TEG and TRP Rx TEG are associated with the ports of SRS;
· For OPPO’s suggestion to send an LS to inform RAN4 on the definition of UE Tx TEG, TRP Tx TEG, UE Rx TEG, TRP Rx TEG, UE RxTx TEG, TRP RxTx TEG, a similar proposal was discussed in RAN1#104e. At that time, it was considered too early to send the LS. We may further discuss whether to send LS to RAN4 together with other progress in RAN1 after RAN1 decides to introduce the TEGs. 
· For vivo’s suggestion to clarify the “inter-TRP timing errors” on whether to include synchronization error between TRPs, and MTK’s proposal that “RTD could be TX TEG specific if there are multiple antenna panels at TRPs” and “TX group delay difference between a pair of TRPs is part of RTD”, and reporting “the estimated round-trip group delay and corresponding statistics per physical antenna panel” for downlink RTD estimation, my understanding is the enhancements purely for the purpose of network synchronization is not within the scope of this WI. However, the WI does not exclude the enhancements for mitigating UE/TRP Tx/Rx that may also have the side benefits of mitigating the impact of the network synchronization errors;
· For Samsung’s suggestion that “The TEG can be defined to indicate antenna panel index” and  MediaTek’s “Using TEG to implicitly indicate the associated physical antenna panel is feasible for gNB side”, my understanding is that one TEG may include one or more physical antenna panels, which depends on the value range of RX/TX timing errors, and the error margin threshold.
· For Samsung’s suggestion that “The TEG index can be supported as an indicator for the value range of RX/TX timing errors associated reported measurement” and Ericsson’s proposal to use some threshold value for the clarification of the TEGs, I assume that is something RAN1 needs further discussion.
We may further work on the details of the proposals related to the details on the configurations and the associations of the UE/TRP Rx/Tx TEGs after RAN1 concludes to introduce the concept of the TEGs into the specification.


Proposal 2-1
· Extend the UE Tx TEG and the TRP Rx TEG be associated with the SRS port.

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	In reply to FL’s comments: Extension on the UE Tx TEG to be port specific aims to use MIMO SRS for positioning purpose, instead of increase the number of ports for the posSRS.

We consider reusing MIMO SRS for positioning as a feature that can benefit both UE and network on a communication carrier for the indoor deployment. Note that MIMO SRS is also enhancing in Rel-17 and future releases, and positioning can benefit from such enhancement as well.

We support UE Tx TEG associated with the SRS port; whether this has anything to do with TRP Rx TEG can be FFS.

	ZTE
	Not support. If so, there will be too many TEGs both at TRP and UE side, which will cause more complexity.

	OPPO
	If MIMO SRS is supported for positioning purpose, we are ok to the extension of Tx TEG.
However, more discussion is needed for the extension of Rx TEG since a Rx chain can receive the signals of all SRS ports

	Ericsson
	This makes sense only under the assumption that MIMO SRS is supported for positioning so this should be added as part of the proposal. We support association of UE Tx TEG with SRS port for MIMO SRS. Whether TRP Rx TEG is needed or not is discussed in another proposal. So we suggest to put TRP RX TEG as FFS for now.

	MTK
	It seems okay to be associated with SRS resource set. This is because for different UE TX TEG, SRS transmission may be linked to different path loss RS, and different TX TEG may have different spatial relation. For a TX TEG, it is also possible to link with several resource sets.

	Qualcomm
	A few general comments:
· To MTK: Tx TEGs are not about spatial relation/panels. It can be about GD errors introduced due to different frequencies or time domain behaviors.
· To ZTE: Having “many TEGs” does not mean complexity. It is a “opportunity” actually. If there are not enough TEGs, the UE will be avoiding reporting them (these are optional features), so no information will be sent back to the network. As we said in the first comment, TEGs are not only about having panels or not; if that was the case, then it has a very limited usage (just FR2 multi-panel scenarios). A UE may be reporting TEG IDs for SRS that are on the same panel, same frequency, but too far away intime, or same panel, different frequencies, etc. There are 3 dimensions that affect the GD (panel/antenna, frequency,time). 
· To companies that say MIMO SRS is not supported now: MIMO SRS is supported for Positioning for UTDOA/UL-AoA
Having said the above, initially we were planning just to associate an SRS resource with a TEG ID. But, it wouldn’t hurt adding the SRS port ID, ie., the UE reports both SRS resource ID and SRS port ID if needed, otherwise only the SRS resource ID. 

	vivo
	Reusing MIMO SRS for positioning is an enhancement, maybe we can discuss it after MIMO SRS is agreed to introducing for positioning. Otherwise, it should be discussed in MIMO.
Besides, we would like to confirm if SRS port-specific TEG is introduced, for 4 ports SRS, it will have 4 TEGs for an SRS resource?

	Apple
	No support. Given that currently there is no support of MIMO SRS for positioning, and Pos-SRS is single port, no need to report SRS port ID.

	Nokia/NSB
	QC is correct that Rel-15 MIMO SRS is supported for RTOA, AoA, and RSRP measurements. We don’t think that we should be trending in the direction of extending that prior agreement or at the very least we should treat it as very low priority. The point of this objective in the WID is to improve the accuracy and therefore this proposal is not in the scope in our view. 

	Huawei/HiSilicon
	To vivo, for the comment regarding 4 ports SRS having 4 TEGs, it can be possible, and it can also be 2 TEGs depending on UE RF architecture, but as Qualcomm mentioned, providing more TEG info gives more opportunity.
To Nokia: We believe this will benefit accuracy. There is a real issue in FR1, where the UE transmission is NOT omni-directional due to practical RF design (see the following figure). Allowing UE to use other Tx to transmit SRS for TRP measurement can provide spatial diversity, which makes it quite natural to configure a 2-port SRS for codebook based transmission. However for a typical 2 Tx UE, those two Tx chains are not necessarily in the same TEG due to calibration issues (for the non-coherent UEs). We just wish to allow more opportunities before it is too late. Note that this was the second meeting for the WI.




	ZTE
	With respect to this proposal, whether to reuse MIMO SRS for positioning or increase port number of positioning SRS?

	LG
	Not support. We understand the original motivation for the proposal as Huawei’s comment. However, as the other companies have mentioned, the current specification only supports a single port for Pos-SRS and we think it should be discussed in the MIMO session. 

	Huawei/HiSilicon
	To ZTE: It is about to reuse MIMO SRS for positioning, and introduce the TEG concept to MIMO SRS.
To LGE/vivo: Why would TEG for MIMO SRS used for positioning be discussed by MIMO?

	Sony
	This can be supported in case we support MIMO SRS for positioning 

	Fraunhofer
	We share the views of HW in the last comment but we don’t agree with extending MIMO-SRS features to resolve missing posSRS features is the best approach. In fact the issue motivated by the non-omni characteristics applies as well for UL-AoA which is the reason we brought it in AI8.5.2. 


	Samsung
	Just to double check how will this proposal helps accuracy, it seems what suggested in proposal assumes that sth like beam sweeping may apply to the SRS resources in one SRS resource set, and by having TEG for every SRS port. Thus, whichever SRS is detected as strongest/earliest, the TRP could report the corresponding UE TX TEG and gNB RX TEG. if there is only one TEG for the whole SRS resource set, this TEG might be too large to use or not accurate for one particular SRS. Is this correct understanding?

	CEWiT
	Support in principle. For clarification, we believe there can be different TEG per port per resource. If so, this should be clarified.

	Intel
	Our proposal is: 
Support association of UE TX TEG ID with SRS resources or SRS resource set for positioning.
TRP Rx TEG ID is associated with gNB measurement (RTOA, RX-TX timing difference) report.



FL Comments
A number of companies (CATT, Huawei/HiSilicon, OPPO, Ericsson, MTK, Qualcomm, Sony, CEWiT) are supportive for extending the UE Tx TEG to be associated with the SRS port for the use of MIMO SRS for positioning. But, it seems extending the TRP Rx TEG to be associated with the SRS port is lock of the support.
However, there are some companies (ZTE, vivo, Apple, Nokia/NSB, LG, Fraunhofer, Intel), which either have concerns or questions on the extension or not supportive to the extension. 
For Samsung question, my understanding is that the intention of the extension is to cover the case when SRS transmitted from different port may have different timing errors.
Suggest further email discussion, focusing on extending the UE Tx TEG to be associated with the SRS port to see if we can reach the consensus in this meeting.
Proposal 2-1 (Revision 1)
· Support extending the UE Tx TEG to be associated with the SRS port.

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	Support.

	ZTE
	MIMO SRS can be reused for UL-RTOA,  AOA and gNB RSRP measurements, however it can not be used for gNB Rx-Tx time difference measurement so far. We suggest this can be a low-priority issue for this meeting and for further study.

	vivo
	In my view, the TEG is associated with RF, FL, or panel, But for one  SRS resource with multi-port, it should be transmitted by one panel and one CC, whether it is different needs to be further considered.
Besides, we think introducing TEG is for high accuracy requirement, whether MIMO SRS belongs to this case is a question.
In addition, for the previous question, we notice the MIMO is discussing the related issue, if we use a different concept, it is stillconfusing even though we discuss the MIMO SRS for positioning.
Furthermore, whether to reuse MIMO SRS for positioning has been discussed during SI stage, however this issue was listed as a low priority at that time and no conclusion was reached. From the RAN side, the feasibility of reusing MIMO SRS for positioning is not clear now.


	LG
	We have some concerns that need to be clarified. Based on above mentions, some companies said that MIMO SRS is already used for positioning. If there is any company that can clearly tell us where is described in the specification, we would sincerely appreciate it if any of the companies give us the information. In addition, if MIMO SRS is not used for timing based measurement, we think that there is no reason to discuss the issue at this time because SRS for positioning is currently transmitted only from a single port. Otherwise, we are okay.

	Huawei/HiSilicon
	To LGE: Section 9.2.28 of NRPPa where SRS configuration transported between serving NG-RAN and LMF and between LMF to the measuring NG-RAN can support both MIMO-SRS and Positioning SRS.

To ZTE: We are open to discuss the support of UE/gNB Rx – Tx time difference based on MIMO-SRS given that there was already request during the SI, and according to our understanding it has very limited specification impact.

To vivo, we believe using MIMO-SRS is more useful in FR1 than in FR2, where the enhancement of spatial relation and pathloss reference towards the neighbouring cells that are exclusive for positioning SRS is not used. Based on our knowledge, the multi-port SRS transmission (e.g. codebook based usage) will be transmitted in different TEGs if UE only supports non-coherent or partial-coherent TPMI, and it can have the benefit of spatial diversity. More specifically, for multi-port SRS resource in FR1, it is more likely that the ports are in different TEGs.

	Nokia/NSB
	If we extend the UE TX TEG to be associated with the SRS port does that mean that SRS-Pos only supports a single TEG per UE? It seems like what we are really discussing is if MIMO-SRS should also be supported for gNB Rx-Tx. If that is the case then we suggest to discuss that directly. 

	Huawei/HiSilicon
	Reply to Nokia, it was not intention to extend MIMO-SRS to RTT.
Extending UE Rx TEG to be associated with the SRS port here means that a single SRS resource can have multiple Tx TEGs, which suggests that a TEG ID will be connected with a triplet {SRS resource set ID, SRS resource ID, port ID}. We would clarify that there is no intention to restrict SRS port #1000 across all SRS resources are from the same TEG by agreeing port-specific TEG.

Perhaps, we can modify the proposal as below and hopefully it can be acceptable to Nokia and other companies that have concerns:
Support extending the UE Tx TEG to be associated with the SRS port for an SRS resource.

	OPPO
	Open to it

	CEWiT
	Here understanding should be that the UE Tx TEG can be different per port with in same SRS resource or resource set. In that sense agree with Huawei’s proposal to add “for an SRS resource “

	SONY
	We consider this proposal is related to the operation of MIMO SRS for positioning and we have not reached consensus yet on MIMO SRS for positioning. This proposal should be low priority at this stage.

	Intel
	Support. Propose to change wording from SRS port to SRS Reosurce or SRS Resourcre Set.

	Huawei, HiSilicon
	To CEWiT: Yes. More strictly, we are proposing “in the same SRS resource”, but we can be open to discuss “in the same SRS resource set”.
To SONY: MIMO SRS has already been supported for UL-TDOA and UL-AoA positioning method in Rel-16. Here we simply suggest to also include the TEG feature to MIMO-SRS.

	Ericsson
	Support in general.  We think the clarification from HW/HiSi is also good.  It would be better to say ‘a SRS port’ since an SRS resource may have multiple ports:

Support extending the a UE Tx TEG to be associated with a the SRS port for of an SRS resource.



FL Comments
From the discussion, it seems a majority companies are fine to exrend the  UE Tx TEG to be associated with SRS port with some clarification to SRS resource/resource sets. However, it is unclear whether the concerns from some companies are addressed after the discussion. About the association, I assume 1 Tx TEG associated with one or more SRS pors. The proposal is revised with the consideration of the comments.  

Proposal 2-1 (Revision 2) (H)
· Support extending the UE Tx TEG to be associated with one or more SRS port(s) of SRS resources.

Comments
	Company
	Comments 

	CATT
	Support.

	ZTE
	[bookmark: _Hlk69457745]We think this can be a low priority issue and needs further study

	Intel 
	We think that a further study is needed there, it is not clear for us, why the association with the SRS port(s) is required.

	Nokia/NSB
	We also prefer more discussion before making this agreement. 

	Apple
	We share similar view with some other companies that support of TEG for MIMO-SRS is not needed. Yes, NW can use regular SRS (or possibly other UL transmissions) from UE for positioning purposes, but it will be wo UE’s knowledge. Besides, a regular UE without positioning capability cannot provide TEG anyway (unless we want to introduce such capability for regular UEs as well, which we think it is out of ePos scope).




Proposal 2-2
· RAN1 sends an LS to inform RAN4 of the definition of UE Tx TEG, TRP Tx TEG, UE Rx TEG, TRP Rx TEG, UE RxTx TEG, TRP RxTx TEG, and to ask for the answers to the following questions:
· Q1: What’s the typical value of the certain margin for each definition? 
· Q2:  Whether or not can UE measure the timing error with sufficient accuracy? 

Comments
	Company
	Comments 

	CATT
	Support. We should let RAN4 to be involved into the Timing error discussions and answer RAN1’s questions.

	Huawei/HiSilicon
	We think that it may be too early to do so, considering RAN4 is still struggling with Rel-16 performance part.

	ZTE
	Support

	OPPO
	Support. Without any input from RAN4, RAN1 don’t know the feasibility of the solutions based on TEG. How can we go further in RAN1? 

	Ericsson
	May be a bit early to send the LS.  We are fine to wait with it.

	MTK
	1, We are okay to send LS to RAN4. We also suggest to give detailed description on the TEG definition by RAN1
2, for Q2, we also suggest to give more description:

Q2:  Whether or not can UE measure the timing error with sufficient accuracy, and the measurements could be done on-the-fly or conducted through any pre-calibration methods 


	Qualcomm
	No need at this point. To OPPO: We are just discussing Reporting enhancements; independent of what are the final values of the “margin”, it seems there is good understanding what to do with them. I agree that If the margins become “too loose” or too strict, then maybe the feature is not very useful eventually, but these can be decided much later. There can be a few different classes of “timing error margins” also, so that we are forward compatible. 

In other words, we are not much worried about not having agreed “timing error margins” for TEGs at this point. 

	Apple
	Support

	LG
	Support.

	Huawei/HiSilicon
	To our understanding, the TEG margin (requirement) can be dynamic (not UE capability), and the margin should be set with the target accuracy. For example, if the accuracy is 50m, there is no such need to differentiate TEG, as did in Rel-15 and Rel-16. It only when the accuracy requirement is as high as 0.2/0.5 metres that the timing error plays a crucial rule to the target should TEG be introduced.

	Sony
	In principle we support the content of the LS. However, timing wise, it is too early considering the current RAN4 load.

	Fraunhofer
	Agree with Ericsson, it’s a bit early

	Samsung
	LS could be possible after we have more clear understanding and more progress on how this TE/TEG works.

	CEWiT
	No need at this stage. 

	Intel
	We do not see the strong motivation to send the LS at this stage. If group decides to send LS then additional questions should be clarified:
Q3: What is the accuracy of coordinate for reference device?
Q4: What is the accuracy of the reference device antenna orientation settlement in space?




Proposal 2-3
· Support only 1 Tx TEG and 1 Rx TEG per CC for TRP
· Note: In this case, there is no need to specify the TRP RX/TX TEG associations.


Comments
	Company
	Comments 

	CATT
	We think this scheme cannot work when there are more than one RF chains in the TRP.

	Huawei/HiSilicon
	Support. We believe this is a typical case for indoor TRPs.

	ZTE
	Support

	OPPO
	Such restriction is not needed

	Ericsson
	We support the proposal.  Agree with Huawei that TRPs with a single antenna panel is the common case generally and especially for indoor factory.

	MTK
	Same view as oppo that such restriction is not needed

	Qualcomm
	No need for several reasons: 
· TEGs can capture timing errors varying across time and not just “RF chains” and “panels”. A TRP receives 2 SRS that are too far away in time, and due to time-drift, it reports to the LMF that theiy are not in the same RxTEG. Similarly for 2 PRS. 
· We think RxTx TEGs are needed.
· Even if gNB vendors think that a single TEG is enough for now, we rather be forward compatible, to avoid unnecessary additional Wis or TEIs in future releases. 

	vivo
	We doubt whether per CC is properly for DL, maybe modify as following
· Support only 1 Tx TEG per frequency layer for TRP
· Support only 1 Rx TEG per CC for TRP



	Apple
	We also think single TEG report is restrictive. Also reading the comments, is the single report per port (which means 1Tx and 1Rx antenna) or per panel? On CC vs PFL, we share smilar view as vivo.

	Nokia/NSB
	We think that a single TEG per CC for a TRP will be the baseline if the PRS are sent within a certain time window and we could agree to having that be the assumption unless otherwise signaled but we don’t think we need to overly restrict the options at this point. 

	ZTE
	We support this proposal since it simplifies the TRP behaviour. If timing error is assumed to be changed with time, we think this can be discussed after the measurement window/instance issue. For example, between 2 measurement report(or within a measurement window), there is only one Tx TEG and/or Rx TEG in a single TRP.

	LG
	We are same on the page with OPPO, MTK and Nokia.

	vivo 2
	We would like to confirm the meaning of TRP and how to understand that“1 Tx TEG per frequency layer for TRP”.  
In current spec, the dl-PRS-ID-r16 can be different for a TRP in different PFLs, that is one TRP may have 4 indications(dl-PRS-ID-r16) . So if TRP here is equal to one dl-PRS-ID-r16 each only can be mapped to one FL, how to understand “1 Tx TEG per frequency layer for TRP” given it only can be mapped to one FL. Otherwise, if the TRP is corresponding to a location that may be mapped to 4 dl-PRS-ID-r16, whether it means each dl-PRS-ID-r16 only has one TEG? So, from spec view, only 1 TEG can be supported for a dl-PRS-ID-r16 

	Sony
	Do not support.

	Fraunhofer
	Even if this is case in some scenarios there is no clear motivation for this restriction. 

	Samsung 
	It seems too restrictive considering quite various situation could happened .

	CEWiT
	No Support. Seems unnecessary restriction.

	Intel
	Do not support. 

It looks like a TRP capability discussion. In our understanding different frequency layers/CCs may require different TEGs and we do not see how this proposal moves group forward.



FL Comments
A number of companies (Huawei, ZTE, Ericsson, Sony) are supportive for only 1 Tx TEG and 1 Rx TEG per CC (or per PFL) for a TRP (there is some clarification needed if per PFL for a TRP, as commended by vivo. 
However, the majority companies (CATT, OPPO, MTK, Qualcomm, Apple, Nokia, LG, Sony, Fraunhofer, Samsung, CEWiT, Intel) seem either having concerns on the proposal or made it clear of not supporting it.
For vivo’s suggestion of changing to per PFL, and also the meaning of “1 Tx TEG per PFL for a TRP”, my thinking is that it might be simpler if we keep per CC with the consideration that from PHY point of view, the timing errors may be more related to CC instead of PFL, Also, the chances is high for once CC to contain multiple PFLs, instead of one PFL includes multiple CCs for a TRP due to the discontinuity of the spectrum between CCs.
Based on the feedback, the Proposal 2-3 is revised as follows. Also, suggest reducing priority of the proposal and continue email discussion to see if we can reach the consensus in this meeting.

Proposal 2-3 (Revision 1)
· Support only 1 Tx TEG and 1 Rx TEG per [CC/PFL] for a TRP
· Note: In this case, there is no need to specify the TRP RX/TX TEG associations.

Comments
	Company
	Comments 

	Qualcomm
	Sorry we still see this restriction unnecessary and not forward compatible. 

To cut a long comment short, having limited number of TEGs specified, risks loosening up the “timing margins” that we ll agree in a future meeting, and making the feature not useful: E.g., if we say that the margin is 50 nsec, yes sure, all transmissions are within the same TEG, no concern there; but then, the feature is not useful, and we should rather not spend time and effort to specify it.   

Specifically, 
· If a gNB vendor has a single TEG per PFL, then it is assumed that a gNB does not have multi-panels, or that their PRS resources are close-enough in time so that they are able to guarantee their timing errors to be very small. I can imagine that either one of these conditions will not be happening in all scenarios, so the gNB vendors, “in order to be safe”, will either not report any TEG information, or will push in RAN4 very loose requirements (or no requirements at all) for the timing error margins. In both cases, we risk the feature to be rendered useless.
 
· Actually, I am even wondering what does 1 TEG per PFL mean? Lets say the gNB has 64 PRS resources in a PFL. Will single-TEG mean that some beams are within a TEG, and some beams do not have any association (e..g rel-16 approach)? Or are we saying that, for a gNB to transmit PRS resources, will have to ensure that ALL PRS resources of a PFL are within a single timing error margin no matter how far they are in time? 


	CATT
	We also think this restriction look like not necessary.

	Huawei/HiSilicon
	Reply to QC in short, given the current TEG definition, we do not consider time drift/synchronization error, and time domain drift is not supposedly modelled by TEG.
However, we would also like to note that we are open to discuss the possibility that a single TEG ID associated with different transmission instances, may result in different timing error. However, reporting different TEG IDs are not necessary, at least for gNB.

	vivo
	We share the same understanding with Huawei, and for time drift, we suggest considering TEG consistency indication information.

	LG
	We also think it is not necessary.

	Nokia/NSB
	Even though this is the most likely case we don’t see the harm in supporting multiple TEGs for a TRP in the specification with the understanding that if only a single TEG is supported then no signalling is needed between the TRP and LMF.

	OPPO
	Share the same view as QC. This is restriction is unnecessary. 

	CEWiT
	This is clearly unnecessary restriction. Agree with Qualcomm’s view

	SONY
	Similar view as QC, we also think the restriction is not necessary.

	Intel
	We do not see the benefit from limitation of the number of TEGs on TRP side.

	ZTE
	Share similar view with Huawei, note that DL and UL TDOA is calculated between different TRPs rather than a within a single TRP, so it is not necessary to support/report multiple TEGs in a single TRP.

	
	





Proposal 2-4
· Two transmissions should be classified as the same Tx TEG only if the transmitter determines the maximum difference in timing error between the two transmissions is smaller than a threshold value.
· FFS: how the threshold value for Tx TEG is defined/configured
· FFS: whether the transmitter is a UE, a TRP, or both
· Two measurements should be classified as the same RX TEG only if the receiver determines the maximum difference in timing error between the two measurements is smaller than a threshold value.
· FFS: how the threshold value for Tx TEG is defined/configured
· FFS: whether the receiver is a UE, a TRP, or both

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	We do not see the need to progress on this, especially how this “maximum difference” can be determined and compared against a threshold.
This can be somehow more of the implementation issue.

	ZTE
	Support. This is actually the definition of TEG.

	OPPO
	What’s the additional information compared to the definition of Tx/Rx TEG? 

	Ericsson
	Support.  But suggest to add ‘FFS on how temporal variations of the timing errors are handled’ as sub-bullets.

	MTK
	We don't support both. And there is no need to define the threshold, as long as RAN4 requirement could be met

	Qualcomm
	I thought we already agreed that will be a “threshold” in the previous agreement. We called: “margin”. 

We prefer to discuss RxTx TEGs all together, and not just TxTEG and RxTEG. 

	vivo
	We wonder there is a connection between proposal 2-1 and proposal 2-4. That is, whether proposal 2-1 should be answered first that the timing error difference can be measured by the device(e.g transmitter or receiver), then we can compare the timing error difference with the threshold.

	Apple
	We have similar understanding that “margin’ was used in prior agreement for a similar classification purpose.

	LG
	We think that a discussion on the proposal seems to be improper at this time and it is appropriate to discuss the proposal after the response from RAN4 as Proposal 2-2.

	Sony
	We think it is not necessary. It is RAN4 tasks to define the margin. We think we should call it as “margin” as agreed in the previous meeting.

	Fraunhofer
	We don’t see its really needed  

	Samsung 
	It’s premature to discuss, we are not even clear on the value range of TE or TEG, which is somehow quite related.

	CEWiT
	We believe main bullets are agreed as definition in last meeting. 

	Intel
	TEG definition is associated with certain margin (agreed at the previous meeting). The margin details can be further discussed by RAN4.




Methods for mitigating UE/TRP Tx/Rx timing errors 
Background
In RAN1#104e, RAN1 reached the conclusions on the options to be studied for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA, UL TDOA and DL+UL positioning. There are a significant number of options to be studied. In this meeting, we are targeting to decide on which of the options should be supported in Rel-17.

Submitted Proposals (maybe for all positioning solutions)
· (ZTE R1-2102668[6]) Proposal 1: Support to indicate TEG information or identification in the configuration or report for multi-RTT, DL-TDOA and UL-TDOA method
· CMCC R1-2102886[8]) Proposal 5: Support signalling enhancements to allow the LMF to deliver the timing errors to UEs using UE-based positioning
· (InterDigital  R1-2103005 [10]) Proposal 7: Study conditions under which  the Tx/Rx timing errors may be sent from the LMF to the UE
· (Intel R1-2103035[11])Proposal 5:Support introduction of gNB/TRP TX TEG ID associated with the DL PRS Resource ID (or multiple IDs) and/or DL PRS Resource Set ID (or multiple IDs)
· (Intel R1-2103035[11])Proposal 6: Support introduction of UE TX TEG ID associated with the SRS Resource ID (or multiple IDs) and/or SRS Resource Set ID (or multiple IDs)
0.  (Intel R1-2103035[11])Proposal 4: Support TX/RX timing errors measurement report signaling from gNB/TRP to LMF and/or reference device to LMF, including the following information/measurements:
· For the DL-TDOA positioning method, report time difference value (RSTD) (ti-RDli,n – tj-RDlj,n) between the ith gNB/TRP with the lith TX TEG and the reference device with the nth RX TEG and the jth gNB/TRP with the ljth TX TEG and the reference device with the nth RX TEG
· For the UL-TDOA positioning method, report time difference value (RTOA) (tRD-im,ki – tRD-jm,kj) between the reference device with the mth TX TEG and the ith gNB/TRP with the kith RX TEG and the reference device with the mth TX TEG and the jth gNB/TRP with the kjth RX TEG
· For the Multi-RTT positioning method, report RX-TX time difference for the ith gNB with the lith TX TEG and the kith RX TEG and the RX-TX time difference for the reference device with the mth TX TEG and the nth RX TEG
0. (Intel R1-2103035[11])Proposal 8: Support TX/RX timing errors measurement report signaling from gNB/TRP to LMF and/or UE to LMF, including the following information/measurements:
· For the DL-TDOA positioning method, report time difference value (ti-UEli,ni – ti-UEli,nj) between the ith gNB/TRP with the lith TX TEG and the UE with the nith RX TEG and the ith gNB/TRP with the lith TX TEG and the UE with the njth RX TEG
· For the UL-TDOA positioning method, report time difference value (tUE-imi,ki – tUE-imj,ki) between the UE with the mith TX TEG and the ith gNB/TRP with the kith RX TEG and the UE with the mjth TX TEG and the ith gNB/TRP with the kith RX TEG
· For the Multi-RTT positioning method, report RX-TX time difference for the ith gNB with the lith TX TEG and the kith RX TEG and the RX-TX time difference for the UE with the mith TX TEG and the nith RX TEG
· (Apple R1-2103109[12])Proposal 1: At least for UE-based method, LMF will provide the effective error to UE, e.g., through the LPP message Provide Assistance Data, or it may ask gNB to broadcast the effective error within posSIB  
· Each effective error value may be associated with a set of TRP IDs of candidate NR TRPs for measurement
· (Qualcomm R1-2103170[13])Proposal 1: Support the following enhancements with regards to TEG Information Reporting: 
· A device (UE or gNB) may provide to the entity performing the positioning calculation (UE or LMF) the following 
· An associated Rx or RxTx TEG ID for each performed positioning measurement, depending on the measurement type
· Rx-TEG for RSTD/RTOA and RxTx-TEG for Rx-Tx measurement
· An associated Tx TEG ID for a transmitted Reference Signal Resource (SRS or DL-PRS) 
· Information on the time error difference amongst the provided TEG IDs (e.g. mean/uncertainty of the timing error differences). 
· With regards to the method-specific conclusions reached in the previous meeting, the above proposal corresponds to the following:
· DL-TDOA: Options 1, 2, 8, 9, 10
· UL-TDOA: Options 1, 2, 4
· DL/UL UE-side: Options 4, 7
· DL/UL gNB-side: Options 4, 6
· (CEWiT R1-2103682[21])Proposal 3:  In DL-TDOA, UE should report the RSTD measurements along with associated TEG ID to LMF.  In ULL-TDOA, gNB/TRP should report the RTOA measurements along with associated TEG ID to LMF. 
· (Ericsson R1-2103771[22])Proposal 2	Specify signaling from the UE to the network of which UE TX TEG is associated with each SRS-transmission from the UE.
·  (Ericsson R1-2103771[22])Proposal 6	Include indication of UE RX TEG used for the DL PRS reception and the corresponding TOA measurement both for the reference TRP and for the target TRP in the DL RSTD measurement report.
· (Ericsson R1-2103771[22])Proposal 7	Specify multi UE RX TEG RSTD measurements and the corresponding configuration and measurement reporting signalling.
· (Ericsson R1-2103771[22])Proposal 8	RAN1 should study further under what circumstances the UE should be capable to perform multi delay group RSTD measurements, e.g. if multi UE RX TEG RSTD measurements can be performed using 1) different symbols of the same DL PRS, 2) different repetitions of the same DL PRS, 3) different occasions of the same DL PRS, 4) different DL PRSs transmitted from the same TRP, and/or 5) simultaneous reception of the same DL PRS.
· (Ericsson R1-2103771[22])Proposal 18	Timing errors per UE/gNB RX/TX TEG should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.
· (Ericsson R1-2103771[22])Proposal 19	Timing errors differences between UE/gNB RX/TX TEGs should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.

Submitted Proposals (specific for DL positioning)
· (Huawei R1-2102348) Proposal 3: Support the following Options for DL-TDOA
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· This should target TRPs deployed across multiple CCs
· Option 5:
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Note: Option 9 is already supported in the current LPP, with different positioning frequency layers from a TRP having its own RTD.
· (BUPT R1-2102364[2]) Proposal 2: For DL TDOA method, the transfer of Tx timing delays of TRPs from NR-RAN node to LMF via NRPPa. 
· (BUPT R1-2102364[2]) Proposal 3: For UE-based DL-TDOA method, the signaling of the Tx timing delays of  TRPs from LMF to UE via LPP 
· (OPPO R1-2102399) Proposal 2: For the mitigation of gNB Tx and UE Rx timing error for DL TDOA
· Option3,4,6,7,8,9,10 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1,2,5
· (OPPO R1-2102399) Proposal 3: If Option 1 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of DL PRS resources with Tx TEGs from NR-RAN node to LMF via NRPPa. 
· (OPPO R1-2102399) Proposal 4: If Option 1 and 2 are supported for UE-based DL-TDOA method, Rel-17 supports the signaling of the association information of DL PRS resources with Tx TEGs from LMF to UE via LPP.  
· (OPPO R1-2102399) Proposal 5: If Option 5 is supported for DL TDOA positioning, Rel-17 supports the transfer of the association information of RSTD measurements with one or more reference TRP(s) from UE to LMF via LPP
· (vivo R1-2102526 [4])Proposal 3:	
· The UE can be requested to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE supports more than 1 UE Rx TEG
· (vivo R1-2102526 [4])Proposal 4:	
· When the UE is able to measure PRS(s) from a TRP associated with different UE Rx TEGs, support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF, rather than compensating ‘Rx timing error difference’ by UE implementation and then reporting compensated RSTD measurements to the LMF.
· (vivo R1-2102526 [4])Proposal 5:	
· In DL-TDOA method, to eliminate the positioning error caused by the UE Rx timing errors of more than one UE Rx TEGs, the RSTD measurement report of a certain TRP for more than one UE Rx TEGs needs to be guaranteed if the UE is able to measure PRS(s) associated with different UE Rx TEGs.
· 	FFS the UE reporting rules to guarantee the RSTD measurement report for more than one UE Rx TEGs.
· (CATT R1-2102635[5])	Proposal 12: For UE-assisted DL-TDOA positioning, all of the following three methods should be supported to help LMF eliminate the influence of timing errors of TRPs and UE:
· Method1: Provide LMF the association information of DL PRS resources or RSTD measurements with Tx or Rx TEGs.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx and UE Rx timing errors

	Option 1
	TRP
	LMF
	Association information of DL PRS resources with Tx TEGs

	Option 5
	UE
	LMF
	Association information of RSTD measurements with UE Rx TEG(s)


· Method2: Provide LMF the Tx timing errors per Tx TEG.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx timing errors

	Option 3
	TRP
	LMF
	Tx timing errors per Tx TEG of TRP


· Method3: Provide LMF the Tx timing error differences between Tx TEGs.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx timing errors

	Option 8
	TRP
	LMF
	Tx timing error differences between Tx TEGs of the TRP



· (CATT R1-2102635[5])	Proposal 13: For UE-based DL-TDOA positioning, all of the following three methods should be supported to help UE eliminate the influence of timing errors of TRPs:
· Method1: Provide UE the association information of DL PRS resources with Tx TEGs.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx timing errors

	Option 2
	LMF
	UE
	Association information of DL PRS resources with Tx TEGs 


· Method2: Provide UE the Tx timing errors per Tx TEG.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx timing errors

	Option 4
	LMF
	UE
	Tx timing errors per Tx TEG of TRP


· Method3: Provide UE the Tx timing error differences between Tx TEGs.
	DL-TDOA
	From
	To
	Signalling for mitigating TRP Tx timing errors

	Option 9
	LMF
	UE
	Tx timing error differences between Tx TEGs of a TRP



· (ZTE R1-2102668[6]) Proposal 2: For DL-TDOA, support option 5 for mitigating UE Rx timing errors, and one of the following alternatives should be supported:
· Alt 1: In a measurement report, both neighbor TRP and reference TRP will be associated with corresponding UE Rx TEG ID, which indicates the UE Rx TEG used for determining timing of the TRPs.
· Alt 2: UE reports a parameter along with each RSTD measurement to indicate whether the RSTD measurement contains the Rx timing error or not. If the parameter is 0, this RSTD measurement is not perturbed with UE Rx timing error; if the parameter is 1, this RSTD measurement is perturbed with UE Rx timing error. 
· (ZTE R1-2102668[6]) Proposal 3: For DL-TDOA, support UE to report multiple reference timing with respect to multiple UE Rx TEGs.
· (ZTE R1-2102668[6]) Proposal 4: For DL-TDOA, support TRP to provide the information to LMF that indicates whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
· (China Telecom R1-2102869[7]) Proposal 1-1: Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF.
· (China Telecom R1-2102869[7]) Proposal 1-2: Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning.
· (China Telecom R1-2102869[7]) Proposal 1-3: Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF.
· (China Telecom R1-2102869[7]) Proposal 1-4: Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning.
· (China Telecom R1-2102869[7]) Proposal 1-5: Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning.
· (China Telecom R1-2102869[7]) Proposal 2: The Tx timing errors should be pre-compensate/calibrate at the Tx side instead of reporting to LMF.
· (CMCC R1-2102886[8]) Proposal 6: Support the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 1: Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· Option 3 (if available): Support a TRP to provide the Tx timing errors per Tx TEG to LMF
· Option 5: Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Option 11: Support a reference device using UE-based positioning to provide the Tx timing error differences between Tx TEGs of different TRPs to the LMF
· (Nokia R1-2103002[9])Proposal 4: RAN1/RAN4 should consider the feasibility of Option 3,4,6, and 7. 
·  (Nokia R1-2103002[9])Proposal 5: Consider option 8b for DL-TDOA, which is support a reference UE to provide the Tx timing error difference between Tx TEGs to LMF. 
·  (Nokia R1-2103002[9])Proposal 6: Prioritize studying Options 1, 2, 5, 8b, 9, and 10 for DL-TDOA.
· (InterDigital  R1-2103005 [10]) Proposal 5: Support the following options for DL-TDOA to correct Tx/Rx errors
· Option 2: Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 4: Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 6: Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option 9: Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
· (MediaTek R1-2103600[18])Proposal 4a-11: For DL-RSTD measurement, UE may also report whether the respective TOF measurement for forming a DL-RSTD measurement is through different antenna panel (RX TEG) for receiving
· (MediaTek R1-2103600[18])Proposal 4a-12: For DL-RSTD measurement, the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, and different antenna panels for receiving may report to the location server
· (MediaTek R1-2103600[18])Proposal 4c-1: To facilitate the on-the-fly downlink and uplink RTD estimation, the location server may request the gNBs to meet the association of a same antenna panel for DL-PRS transmission and SRS receiving

Submitted Proposals (specific for UL positioning)
· (Huawei R1-2102348[1]) Proposal 2: Support the following Options for UL-TDOA
· Option 1: 
· Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements.
· This should target TRPs deployed across multiple CCs.
· Option 2b (updated from Option 2):
· Support a UE to provide the association information of SRS resources/ports used for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· Option 2c: 
· Support a TRP to provide the association information of RTOA measurements with SRS resources/SRS ports to LMF when the TRP reports the RTOA measurements.
· Option 4b (updated from Option 4): 
· Support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning.
· (OPPO R1-2102399[3]) Proposal 6: For the mitigation of UE Tx timing error for UL TDOA, 
· Option 3 and 4 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1 and 2
· (OPPO R1-2102399[3]) Proposal 7:
· If Option 1 is supported for NR UL RTOA based positioning, Rel-17 supports the transfer of the association information of RTOA measurements with Rx TEGs from NR-RAN node to LMF via NRPPa.
· (vivo R1-2102526 [4])Proposal 6:	
· The UE can be requested to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF when the UE supports more than 1 UE Tx TEG.
· (vivo R1-2102526 [4])Proposal 7:	
· The UE should provide the information of the UE Tx TEG(s) change associated with SRS resource(s) to the LMF, when the UE Tx TEG associated with SRS resource(s) changes, e.g., due to switching of UE antenna panel to avoid blockage.
· 	FFS how to provide this information to the LMF by the UE.
· (vivo R1-2102526 [4])Proposal 8:	
· The information of the UE Tx TEG and Tx TEG change information associated with SRS resource(s) should also be provided to the gNB performing SRS measurements, to prevent the gNB performing joint processing on different SRS measurement time occasions associated with different UE Tx TEGs for the same SRS resource(s).
· FFS how to provide this information to the gNB performing SRS measurements.
· (vivo R1-2102526 [4])Proposal 9:	
· •	Support the gNB to provide information related to SRS resource(s) ID to the LMF in RTOA measurement result, to help the LMF obtain the relationship between the RTOA measurement result and the Tx TEGs of SRS resource(s).
· (vivo R1-2102526 [4])Proposal 10:	
· In UL-TDOA method, to eliminate the positioning error caused by the UE Tx timing errors of more than one UE Tx TEGs, the RTOA measurement report for more than one UE Tx TEGs needs to be guaranteed if the gNB is able to measure SRS resoures associated with different UE Tx TEGs.
· FFS the gNB reporting rules to guarantee the RTOA measurement report for more than one UE Tx TEG(s).
· (CATT R1-2102635[5])	Proposal 14: For UL-TDOA positioning, all of the following three methods should be supported to help LMF eliminate the influence of timing error of TRPs and UE:
· Method1: Provide LMF the association information of RTOA measurements or SRS resources for positioning with Rx or Tx TEGs
	UL-TDOA
	From
	To
	Signalling for mitigating UE Tx timing errors

	Option 1
	TRP
	LMF
	Association information of RTOA measurements with Rx TEGs 

	Option 2
	UE
	LMF
	Association information of SRS resources for positioning with UE Tx TEG(s)


· Method2: Provide LMF the Tx timing errors per Tx TEG.
	UL-TDOA
	From
	To
	Signalling for mitigating UE Tx timing errors

	Option 3
	UE
	LMF
	Tx timing errors per Tx TEG


· Method3: Provide LMF the Tx timing error differences between Tx TEGs.
	UL-TDOA
	From
	To
	Signalling for mitigating UE Tx timing errors

	Option 4
	UE
	LMF
	Tx timing error differences between Tx TEGs


· (ZTE R1-2102668[6]) Proposal 5: For UL-TDOA method, support TRP to report RTOA measurement with the associated SRS resource ID/SRS resource set ID.
· (ZTE R1-2102668[6]) Proposal 6: For UL-TDOA, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin.
· (China Telecom R1-2102869[7]) Proposal 3: Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· (CMCC R1-2102886[8]) Proposal 7: Support the following options for mitigating UE Tx and TRP Rx timing errors for UL TDOA:
· Option 1: Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements
· Option 2: Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· Option 3 (if available): Support a UE to provide Tx timing errors per Tx TEG to LMF for UL TDOA positioning
· (Nokia R1-2103002[9])Proposal 7: For UL-TDOA and Multi-RTT prioritize the options that correspond to Options 1, 2, 5, 8b, 9, and 10 in DL-TDOA.
· (MediaTek R1-2103600[18])Proposal 4b-1: The association between SRS transmission and the physical antenna panel (TX TEG) may provide to the location server
· (MediaTek R1-2103600[18])Proposal 4b-2: The estimated round-trip group delay and corresponding statistics at TRPs may also report to the location server to facilitate uplink RTD estimation for UL-TDOA technique

Submitted Proposals (specific for DL+UL positioning)
· (Huawei R1-2102348[1]) Proposal 4: Support UE RxTx TEG information for UE Rx – Tx time difference measurement.
· The SRS transmission associated with a UE Tx TEG should be received by the TRP that transmits the PRS that is received by the UE Rx TEG paired with the UE Rx TEG in the same UE RxTx TEG.
·  (Huawei R1-2102348[1]) Proposal 5: Support TRP RxTx TEG information for gNB Rx – Tx time difference measurement when SRS are received from multiple CCs
·  (OPPO R1-2102399) Proposal 8: For mitigating UE Rx/Tx timing errors in DL+UL positioning
· Option 6, 7 are not considered further.
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3, 4 and 5
· (OPPO R1-2102399[3]) Proposal 9: For mitigating gNB Rx/Tx timing errors in DL+UL positioning, 
· Option 5 and 6 are not considered further
· RAN4 should be involved to ensure the feasibility of Option 1, 2, 3 and 4
· (vivo R1-2102526 [4])Proposal 11:	
· In DL and UL positioning, support the UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF.
· (vivo R1-2102526 [4])Proposal 12:	
· In DL and UL positioning, support the UE to provide additional information of UE ‘Rx timing error+Tx timing error’ associated with some combinations of Rx TEGs and Tx TEGs to the LMF.
· e.g., when Rx TEGs and Tx TEGs are combined, if the ‘Rx timing error+Tx timing error’ of some combinations is within a certain margin, the UE provides this information to the LMF.
· (CATT R1-2102635[5])	Proposal 15: For DL+UL positioning methods, the following method1 should be supported to help LMF eliminate the influence of timing error of UE:
· Method1: Provide LMF the association information of UE Rx-Tx time difference measurements with UE Rx/ Tx TEGs in a measurement report. 
	DL+UL UE
	From
	To
	Signalling for mitigating UE Rx/Tx timing errors

	Option 3
	UE
	LMF
	Combination of Option 1 and Option 2


· (CATT R1-2102635[5])	Proposal 16: For DL+UL positioning methods, the following method1 should be supported to help LMF eliminate the influence of timing error of TRPs:
· Method1: Provide LMF the association information of gNB Rx-Tx time difference measurements with TRP Rx/Tx TEGs in a measurement report. 
	DL+UL TRP
	From
	To
	Signalling for mitigating gNB Rx/Tx timing errors

	Option 3
	TRP
	LMF
	Combination of Option 1 and Option 2


· (ZTE R1-2102668[6]) Proposal 7: For DL+UL positioning, support option 1, 2 and 3 at UE side. 
· For option 1, support UE to report a UE Rx TEG ID to indicate which Rx TEG the related Rx-Tx time difference measurement belongs to. 
· For option 2, support the following reporting:
· The UE Tx TEG ID is associated with each Rx-Tx time difference measurement.
· UE reports SRS resource ID or SRS resource set ID along with the Rx-Tx time difference measurements.
· (ZTE R1-2102668[6]) Proposal 8: For DL+UL positioning at TRP side, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
· (China Telecom R1-2102869[7]) Proposal 4: Support device to provide the association information of UE/gNb Rx-Tx time difference measurements with UE/TRP Rx TEGs in the measurement report to LMF.
· (CMCC R1-2102886[8]) Proposal 8: Support the following options for mitigating UE Rx/Tx timing errors in DL+UL positioning:
· Option 3: Combination of Option 1 and Option 2
· Option 8: Support a reference device using UE-based positioning to provide the Tx and Rx timing error differences of Tx and Rx TEGs between different TRPs to the LMF
· (CMCC R1-2102886[8]) Proposal 9: Support the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning:
· Option 3: Combination of Option 1 and Option 2
· Option 8: Support a reference device using UE-based positioning to provide the Tx and Rx timing error differences of Tx and Rx TEGs between different TRPs to the LMF
· (Nokia R1-2103002[9])Proposal 7: For UL-TDOA and Multi-RTT prioritize the options that correspond to Options 1, 2, 5, 8b, 9, and 10 in DL-TDOA.
· (MediaTek R1-2103600[18])Proposal 4a-9: For the TRP with on-the-fly inside-chip calibration capability, the estimated round-trip group delay and corresponding statistics per physical antenna panel could report to the location server to facilite downlink RTD estimation
· (MediaTek R1-2103600[18])Proposal 4a-10: To report the estimated round-trip group delay, using “RX TEG+TX TEG” with a unified group index coule be feasible
· (MediaTek R1-2103600[18])Proposal 4d-2: For M-RTT, in order to do the proper pairing for cancellation, UE may also report using which TX antenna panel for SRS transmission, and gNBs may also need to report using which TX antenna panel for DL-PRS transmission. The terminology of TX TEG could be used
· (MediaTek R1-2103600[18])Proposal 4d-3: For M-RTT, UE and gNB may report the statistics (variance, uncertainty level) of the round-trip group delay of the associated antenna panel. Round-trip group delay compensation should have been done before reporting.
· (LG R1-2103621[19])Proposal #1: For timing measurement with different Rx/Tx TEGs, following parameter for measurement report and/or assumption for measurement can be specified
· TEG ID or value (e.g. timing margin or offset) in measurement report
· Ensuring same Rx/Tx TEGs at both UE and TRP within the measurement time window
·  (Fraunhofer R1-2103681[20])Proposal 2: For mitigating UE Rx/Tx timing errors in DL+UL positioning methods consider the impact internal UE clock accuracy and drift for: 
· RxTx timing errors per RxTx TEG
· Tx timing errors per Tx TEG 

[bookmark: _Toc62397276][bookmark: _Toc69027114]
TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
Background
The following conclusion was made in RAN1#104e, related to the option(s) for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA. 
	Conclusion:
Study the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 3: 
· Support a TRP to provide the Tx timing errors per Tx TEG to LMF
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 5: 
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option7:
· Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning
· Option 8: 
· Support a TRP to provide the Tx timing error differences between Tx TEGs of the TRP to LMF 
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
· Option10:
· Support a UE to provide Rx timing error differences between Rx TEGs to LMF for UE-assisted positioning
· FFS: details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.





FL Comments
The following table provides a summary of the opinions on the above options for the mitigation of TRP Tx and UE Rx timing errors for DL TDOA [1-22].
Table 1 Summary of the opinions on the options for mitigating of TRP Tx and UE Rx timing errors for DL TDOA
	Options
	Opinions from the companies

	
	Support
	Not support
	Additional comments

	Option 1: Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF

	Huawei (for multiple CCs), CATT, China Telecom, CMCC, ZTE, Intel, Nokia, Qualcomm, Apple
	
	OPPO(need to check feasibility)

	Option 2: Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning

	CATT, China Telecom, CMCC, Intel, Nokia, ZTE, InterDigital, Qualcomm, Apple
	
	OPPO(need to check feasibility)

	Option 3: Support a TRP to provide the Tx timing errors per Tx TEG to LMF

	BUPT, CATT, CMCC(if available), Apple
	OPPO, China Telecom, Ericsson
	Nokia(need to check feasibility)

	Option 4: Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 

	BUPT, CATT, CMCC, InterDigital, Apple
	OPPO, Ericsson
	Nokia(need to check feasibility), InterDigital (need to check feasibility)

	Option 5: Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF

	Huawei, vivo, CATT, ZTE, China Telecom, CMCC, ZTE, Intel, Nokia, MediaTek, CEWiT, Ericsson, 
	
	OPPO(need to check feasibility)

	Option 6: Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning

	China Telecom, InterDigital,
	OPPO, Ericsson
	Nokia(need to check feasibility), InterDigital (need to check feasibility)

	Option 7:Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning

	China Telecom, Intel
	OPPO, Ericsson
	Nokia(need to check feasibility)

	Option 8: Support a TRP to provide the Tx timing error differences between Tx TEGs of the TRP to LMF 

	CATT, Intel, Qualcomm, Apple
	OPPO, Ericsson
	

	Option 9: Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning

	CATT, Nokia, Apple, InterDigital, Qualcomm
	OPPO, Ericsson
	Huawei(already supported in LPP)

	Option10: Support a UE to provide Rx timing error differences between Rx TEGs to LMF for UE-assisted positioning

	Intel, Nokia, Qualcomm
	OPPO, Ericsson
	



Additional proposals from the contributions:
· In [4], it was proposed to support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF, rather than compensating ‘Rx timing error difference’ by UE implementation
· In [4].it was proposed that the RSTD measurement report of a certain TRP for more than one UE Rx TEGs needs to be guaranteed if the UE is able to measure PRS(s) associated with different UE Rx TEGs
· In [6], two alternatives was proposed for Option 5:
· Alt 1: In a measurement report, both neighbor TRP and reference TRP will be associated with corresponding UE Rx TEG ID, which indicates the UE Rx TEG used for determining the timing of the TRPs.
· Alt 2: UE reports a parameter along with each RSTD measurement to indicate whether the RSTD measurement contains the Rx timing error or not. If the parameter is 0, this RSTD measurement is not perturbed with UE Rx timing error; if the parameter is 1, this RSTD measurement is perturbed with UE Rx timing error. 
· In [6], it was proposed to support UE to report multiple reference timing with respect to multiple UE Rx TEGs for DL-TDOA,
· In [6], it was proposed to support TRP to provide the information of whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin to LMF
· In [7], it was proposed that the Tx timing errors should be pre-compensate/calibrate at the Tx side.
· In [8], it was proposed to support a reference device using UE-based positioning to provide the Tx timing error differences between Tx TEGs of different TRPs to the LMF
· In [9], it was proposed to support a reference UE to provide the Tx timing error difference between Tx TEGs to LMF.
· In [18], it was proposed that  the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, and different antenna panels for receiving may be reported to LMF
· In [18], it was proposed the LMF may request the gNBs to meet the association of the same antenna panel for DL-PRS transmission and SRS receiving to facilitate the on-the-fly downlink and uplink RTD estimation.

FL Comments
Based on the feedback, it seems there is a consensus to support Option 1, 2, and 5 (one company suggested checking the feasibility with RAN4). Thus, it might be better to see if we can have them agreed in the online session (see Proposal 5-1a). 

For the remaining options (Options 3, 4, 6-10), there are two or more companies that have concerns. Thus, we may need to have a further discussion in the meeting (see Proposal 3.1-1).

For the additional options proposed from the interested companies in the meeting, we may need to first study them and collect companies’ views to determine which of them should be supported/not supported in el17 in the meeting (see Proposal 3.1-2)

For the proposal of using a reference UE to determine and report the Tx timing error difference between Tx TEGs of to LMF (from [8], [9]]), the proposal is related to the discussion of the reference device for mitigating UE/TRP Rx/Tx timing errors, and also not be limited only to DL TDOA, thus the suggestion is to have a separate proposal for discussion (see Proposal 3.1-3).

Proposal 3.1-1
· Support the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to the LMF
· Supported by: CATT, Huawei (different PFLs), MTK, CMCC, Apple, Nokia, Fraunhofer,  Qualcomm (assuming Option 2 is also agreed), , Samsung, CEWiT, Intel, LG
· Not supported by: ZTE, Ericsson
· Option 2: 
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning
· Supported by: CATT, MTK, Apple, Qualcomm, InterDigital
· Not supported by: Huawei, ZTE, Ericsson
· Option 5: 
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the  LMF when the UE reports the RSTD measurements to the LMF
· Supported by: CATT, ZTE, Ericsson, MTK, CMCC, Nokia, vivo, Huawei, Fraunhofer, Qualcomm, , Samsung, CEWiT, Intel, LG
· Not supported by: 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	We do not think Option 2 can work. Can proponents clarify how UE is going to use such information?
For Option 1, we think this indication should be associated with different frequency layers.

	ZTE
	Support option 5 only. As mentioned in our tDoc, in DL-TDOA, we think the information of gNB TRP Tx TEG is not important, because LMF(or UE) calculates the time difference between different TRPs rather than between different Tx TEGs in a single TRP, different TRPs naturally have different timing errors with regardless of TEG information. So option 1 and option 2 are not needed.

	OPPO
	Ok to further discuss Option 1/2/5. 

	Ericsson
	We can support Option 5.  
As we commented in our reply to Proposal 2-3, TRPs typically have only one antenna panel generally, and in particular in industrial setting.  Even if there are multiple panels at TRP, each panel could be defined as a separate TRP.  Hence, we don’t see the need to support options 1 and 2.  On option 2, we share the concern with Huawei on  how the TRP Tx TAG info is useful to the UE.

	MTK
	1, We are okay for option 1 and 2
2, we support option 5. The association information could be: if UE the respective TOF measurement is received by different panel, then UE may report this condition and report potential variance (uncertainty) of receiving group delay. The mean value of receiving group delay should have been compensated by UE before reporting

	CMCC
	To clarify, we do NOT support Option 2, which were captured wrongly in Table 1.
We are OK with Option 1 and Option 5 in the Proposal.

	vivo
	In general, we think option 1 and option 2 are a pair suggestion. We should remove one and keep them together. In addition, we think option1 and option2 should be discussed further based on the progress of proposal 2-3. 
Besides, we think the association information should be further clarified.

	Apple
	Support Option 1 & 2

	Nokia/NSB
	We support options 1 and 5. We can also be okay with option 2 as we think the time component of TEG assosication information may be useful for the UE (e.g., can UE average the RSTD measurement over multiple PRS occasions or not). In addition to time we would like to highlight that PCO errors can be directionally dependent so TEG may also depend on the direction between the UE and TRP. While this effect is more likely to be relevant at the UE side we simply want to also highlight it here. 

	ZTE
	We still have concerns about option 1. Even if LMF knows the Tx TEGs of each PRS resource in a TRP, how can it help to mitigate timing error in DL-TDOA, because different TRPs naturally have different TEGs/timing errors while this proposal says report Tx TEG within a TRP.

	LG
	We are currently okay with option 1. We believe that decisions about whether to support Option 2 and Option 5 can be changed depending on RAN4's response (as in the proposal 2-2).

	Sony
	We support Option 1 and Option 5

	Fraunhofer
	Support Options 1 and 5

	CATT-2
	We support Option 1, 2 and 5. For Option 2, it will play the similar role as the Option 1. The difference is that Option 1 is for UE-assisted solution and Option 2 is for UE-based solution.

	InterDigital
	We support Option 2.

	Samsung 
	We are fine with option 1 and 5, 
For option 2, we like to further confirm here that by saying UE based positioning, it means the positioning information shall be calculated at UE side? If this is the case, it seems option 2 could be helpful.

	CEWiT
	Support option 1 and option 5

	Intel
	We support Option 1 and Option 5. Option 2 requires more discussion.

	Qualcomm
	In principle we Support all 3 options, however, we cannot accept supporting Option 1 and NOT option 2. UE-B and UE-A should go hand to hand for a constructive progress of the positioning technologies. 

To E//: TEGs are not just for reporting different panels. But, even if it were, why not be forward compatible in the specification? It will just be a max number written in NRPPa. Either way, we can put FFS: N TEGs N>=1. 

To HW: With regards to Option 2, i am going to reverse the question and ask, how can LMF use the information? In UE-based, the positioning engine is at the UE, so if the LMF can use it somehow in the positioning engine, so can the UE. I would even combine option 1 and 2 to just say: Support a TRP to provide the association information of DL PRS resources with Tx TEGs to the Positionign Engine (LMF or UE). And this should be common across all the proposals. I don’t see the reason of debating the same aspect over and over again. 

To MTK: As described above, TEGs are NOT only about multi-panel UEs; if that was the case, then it is a very limited/narrow enhancement to only multi-panel FR2 UEs. The UE should be able to report TEG information across measurements that are in same/differet panel/antenna, frequency, time. Already the report is generic: There is one big report that includes all measurements across time/frequency/space. The TEG ID will just be an additional field associated with each report. If a UE wants to report a single TEG across all layers, so be it. If it wants multiple, it will do multiple. We prefer to be forward compatible and generic, rather than narrowing the scope to “mutli-panel UEs” or “industrial environments”, etc, etc. 

	FL
	For Huaawei’s and ZTE’s comments, my understanding for having Tx TEG for TRP provides the opportunity for estimating/calibrating the TRP Tx timing errors. The information should be useful for both UE-assisted and UE-based positioning.
For Ericsson’s comment that TRP is typically have only one antenna panel generally. I assume we may not want to limit the case to only support one-to-one configuration of TRP and antennal panel.

Based on the feedback, it seems that most companies are fine with Option 5 subject to feasibility check by RAN4. Option 1 is also supported by the majority of companies. Suggest bring this proposal to online session to see if we can reach the agreement for at least Option 5, together with other options.

	LG-2
	We are sorry to say that There is our misunderstanding about each options. We ask for your understanding on this part, and we support option 1 and 5.

	Huawei/HiSilicon
	To QC: Our view towards Option 1 and Option 2 are the same. For Option 1, we think that different TEGs within a TRP should be in different positioning frequency layers, and the errors, it can be calibrated by a reference device or real-time training. For Option 2, we think that the association is not needed, but rather time difference should be provided to the UE (Option 9), but given that the TEG is frequency layer specific for the TRP, and we already have positioning frequency layer specific RTD, we consider Option 9 is already supported and we do not need Option 2.



Conclusion
The agreement was made in online session. 
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements





Proposal 3.1-2
Further study the options 3, 4, 6, 7, 8, 9, and 10 (which was agreed to be studied in RAN1#104e) for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA, and decide which of them should, or should not, be adapted in Rel-17 in this meeting. 
Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 3
	OP 4
	OP 6
	OP 7
	OP8
	OP9
	OP10
	

	CATT
	Y
	Y
	N
	N
	Y
	Y
	N
	The reason for our preferences are as follows:
· Only Tx timing errors or timing error differences of TRP/UE need to be provided to LMF/UE, and Rx timing errors or timing error differences can be compensated directly by TRP/UE when TRP/UE reports RTOA/RSTD measurements.

	ZTE
	N
	N
	N
	N
	N
	N
	N
	

	OPPO
	N
	N
	N
	N
	N
	N
	N
	 If the timing error is known, it can be calibrated 

	Ericsson
	N
	N
	N
	N
	N
	N
	N
	

	MTK
	N
	N
	N
	N
	N
	N
	N
	1, we assume “to provide timing error” in these options is to provide the mean value of timing error
1, (the mean) timing error should have been compensated by TRP and UE. The variance (uncertainty) may report to LMF for weighting basis

	CMCC
	Y
	
	
	
	
	
	
	If the timing errors of the Tx TEG of a TRP is available, we believe that by providing this information to the LMF, it can help the LMF determine the value of  N DL PRS instances within a [configured] measurement window, as discussed in Proposal 5-2/3.

	vivo
	N
	N
	N
	N
	Y
	Y
	Y
	

	Apple
	Y
	Y
	N
	N
	Y
	Y
	N
	In 8 & 9, we mainly assume it it the Tx TEG difference between two TRPs that UE is measuring DL-RSTD, not between the difference bwteen TEGs of the same TRP

	LG
	N
	N
	N
	N
	N
	N
	 N
	Similar view with OPPO, MTK

	Sony
	N
	N
	N
	N
	N
	N
	N
	

	Samsung
	Y
	Y
	N
	Y
	N
	N
	N
	Option 6 is not needed for UE based positioning as the Rx TE should be known by UE itself. And option 8,9 ,10 on the TE difference seems not necessary as the report measurement results will come with corresponding TE directly. 

	Intel
	No for all if reference UE is used
Yes for options 3,4,8,9 and FFS for remaining options if reference TRP is used
	If reference UE is used, then in general all TRP Tx/Rx timing errors can be compensated directly at LMF assuming measurements are provided.

If reference TRP/gNB is used, then at least similar RSTD, RTOA, Rx-Tx time difference measurements should be provided to LMF unless proprietary inter-gNB/TRP protocol is implemented and compensates TRP/NB Tx/Rx timing errors.

	Qualcomm
	
	
	
	
	Y
	Y
	Y
	I think there is a misundersting with Option 7,8,9: The timing error is not known, but some “statistics” are known. This is what Option 8,9,10 are about, and not about the actual “timing errors” or “timing error differences”




Proposal 3.1-3
Study the following additional options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 11: 
· Support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF
· Option 12:
· Support the UE to report the multiple RSTD measurements for a TRP with different UE Rx TEGs if the UE can measure the RSTD from the TRP with different UE Rx TEGs
· Option 13:
· Support UE to report multiple reference timings concerning multiple UE Rx TEGs for DL-TDOA,
· Option 14:
· Support TRP to provide the information of whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin to LMF
· Option 15:
· Support UE to report the statistics (variance) of differences of the RX TEGs to LMF	Comment by CATT - Ren Da: Added based on MTK’s comment
· Option 16:
· Support LMF to request a gNB to meet the association of the same antenna panel for DL-PRS transmission and SRS reception
· Option 17:	Comment by CATT - Ren Da: Option 17 is added based on MTK’s request
· Support a TRP to report the estimated round-trip group delay and corresponding statistics to LMF

· FFS: details of the signalling, procedures, and UE capability
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 11
	OP 12
	OP 13
	OP 14
	OP15
	OP16
	OP17
	

	ZTE
	N
	Y
	Y
	Y
	N
	N
	
	Support option 12, 13 and 14.
For option 12, if UE has multiple Rx TEGs, then it is natural to support the proposal.
For option 13, Rel-16 have only one reference timing in a single DL-TDOA report because there is only one UE Rx TEG. If we are talking about multiple UE Rx TEGs, it is reasonable to have multiple reference timing, and each reference timing should correspond to a UE Rx TEG. 
If there are multiple reference timing, there will be multiple reporting groups(each reference timing-neighbor TRPs pair is a group), the RSTD measurements within each reporting group will contain no Rx timing error. BTW, the reference timing can be chosen freely by UE implementation like UE chooses reference TRP in Rel-16 for DL-TDOA. 
For option 14, we think whether TRP has already compensate the timing error inside itself should be an essential knowledge to LMF.

	Ericsson
	
	Y
	
	N
	N (the variance of Rx TEG should either be specified or be part of UE capability.
	N
	
	Suggest to add an FFS under Option 12, “FFS on under what conditions the UE can be assumed to be able to perform measurements with different TEGs”

Note that according to the results in our contribution, the requirements cannot be met with Option 5 alone.  When Option 5 and Option 12 are combined, the performance requirements can be met as shown below.  Note that another company [6] also showed similar results.

[image: ]

	MTK
	N
	N
	N
	N
	Y (by revision)
	Y
	
	1, option 15 may be revised as the statistics of RX TEG difference, not the respective statistics of RX TEG which doesn't make sense
2, We support option 16, and option 16 may be put in section 3.4 for (DL+UL)

	vivo
	
	Y
	
	
	
	
	
	Option 12 can provide the opportunity for the LMF to calculate UE Rx timing error differences between UE  Rx TEGs so that the Rx timing errors can be further compensated.
vivo 2 

[image: ]
We have provided a similar evaluation result as Ericsson in our Tdoc, the performance of supporting option 12(that is red line) will be improved, compared with only supporting option 5 (that is the blue line)

	Apple
	
	
	
	Y
	
	Y
	
	If the Rx chain/beam at UE is the same/similar for RSTD measurements, and PRS from each pair of TRPs is received and measured in a reasonably short time, RX TEG is canceled (similarly, for UL-RTOA, TX TEG is canceled), so additional report from UE is needed for UL-TDOA (and UL-TDOA) techniques

	Nokia/NSB
	N
	Maybe
	N
	Maybe
	N
	`N
	
	Could the proponent clarify how option 15 would be useful at the LMF? Shouldn’t a smart UE use the RX TEG which are the smallest variance possible?  

	FL
	
	
	
	
	
	
	
	For Option 15, I might not capture MTK’s original proposal correctly. The following change is made based on MTK’s comments. Please check it again.

· Option 15:
· Support UE to report the statistics (variance) of differences of the RX TEGs to LMF


	MTK2
	
	
	
	
	
	
	
	We propose to add one more option, 

option 17: Support a TRP to report the estimated round-trip group delay and corresponding statistics to LMF

We have this option for UL-TDOA. It is similar to be considered also for DL-TDOA, because in our view, the round-trip timing delay can be estimated through internal calibration. It is applicable for both TRP and UE. And we already see the internal calibration use case in wifi product.

To directly derive the one-sided timing delay ( TX or RX) may rely on external calibration, and we think it is opportunistic. For internal calibration, there is no need to be over the air so that the channel is clean.

We want to point out that the one-sided timing delay difference between TRPs can also be derived if roung-trip timing delay for each TRP can be estimated

Respond to Nokia: 

UE may do the pre-calibration by running the simulation to learn the potential variation of RX timing delay in terms of frequency band, temperature and the circuit design/layout. So, we know the mean value and potential variance due to temperature for each RX TEG. If UE doesn't perform on-the-fly estimation, for example to receive signal from a single TRP by using UE’s multiple panels, then UE can compensate the RSTD measurement by subtracting the RX TEG mean difference before reporting. The variance here is to provide to the location sever if any weighting is needed. 

If UE has confidence on the timing delay estimation, UE can simply say the variance is 0.

Then I also have similar question to Nokia, how the gNB derive the one-sided (TX or RX ) timing delay?


	LG
	Y
	Y
	
	
	
	
	
	For option 11 and 12, there is one thing we want to clarify. In our understanding, “multiple RSTD measurements” in option 12 are composed of multiple original RSTD measurements (uncompensated measurements)  in option 11. If it is right, we don’t need to dissuss them separately. If it is incorrect, we would appreciate it if someone could explain it in detail.
For option 15, it depends on reply from RAN4 (if LS is agreed as in proposal 2-2)

	Huawei/HiSilicon
	
	
	
	
	Y (with modification)
	
	
	Option 15 may be revised as below for clarity.
· Option 15:
· Support UE to report the statistics (variance) of timing error differences of between the RX TEGs to LMF
To Nokia: we understand the timing error difference between Rx TEGs may somehow be dependent on UE implementation. It can be small for some UEs, while large for other UEs. LMF can take that information into consideration when jointly estimate the UE location and the timing error difference among Rx TEGs. (Note a UE location may correspond to a Rx timing error difference among Rx TEGs.)

	Sony
	
	
	
	
	Y
	
	
	

	CATT
	
	Y(revised)
	
	
	
	
	
	Support the UE to report the multiple RSTD measurements for a TRP with different UE Rx TEGs if the UE can measure the RSTD from the TRP with different UE Rx TEGs and if UE cannot compensate the RX timing errors before it reports the RSTD measurements.

	Samsung 
	N
	N
	N
	Y
	N
	
	
	

	Intel
	Y
	Y
	N
	N
	N
	N
	
	

	FL
	Y: 2
N: 4
	Y: 5
N: 2
	Y: 1
N: 4
	Y: 3
N: 3
	Y: 3
N: 5
	Y: 2
N: 4
	
	Based on the feedback, it seems that only Option 12 has the majority of the support. Suggest focusing keep Option 12 as high-priority. For the options that cannot obtain the support of the majority of companies, we may consider removing them as lower priority of the discussion in this meeting. For Option 13, suggest stop discussing it due to the lack of the support.

	ZTE
	
	
	
	
	
	
	
	For option 13, maybe we have to emphasize that only a reference TRP(reference timing) for DL-TDOA is not enough. If UE has 2 panels(2 Rx TEGs), it is reasonable to support each Rx TEG having its own reference TRP or reference PRS resource for determine DL-RSTD measurements. DL measurement from the reference TRP and the neighbor TRP are within the same UE Rx TEG. If so,  the UE Rx timing error does not exist for the RSTD measurements derived from neithbor TRPs and its own reference TRP pair. 

	ZTE3
	
	
	
	
	
	
	
	After the email discussion,for more technical points behind the option 13, interested companies can refer to our discussions with Huawei and MTK in the reflector. We think option 13 may cause some confusion, which doesn’t mean we want to support more than one reference TRP, so we suggest to modify option 13 as following:
· Option 13:
· Support UE to report UE Rx TEG information of reference TRP for DL-TDOA
FFS: whether UE can report multiple UE Rx TEGs for determining reference timings based on the same TRP or different TRPs


	Ericsson view updated
	
	
	
	
	
	
	
	Agree with FL suggestion to focus on Option 12 as high-priority.

	MTK
	
	Y (but with a question)
	
	
	
	
	
	It seems to us that option 12 is that a TRP can be observed by different RX TEGs of UE, then this TRP can be acted as the reference TRP, and then the RX timing delay difference between different RX TEG will not impact.

Just like the example, RX TEG1 can see TRP 1,2,3,4, and RX TEG2 can see TRP 4,5,6,7. Then UE can perform RSTD for {trp1, trp4} {trp2, trp4}, {trp3, trp4} in RX TEG1, and {trp5, trp4}, {trp6, trp4} and {trp7,trp4} in RX TEG2. 

I am wondering whether there is spec impact, since UE can change referece TRP from existing spec. If the 2 TOA measurement for a RSTD is from the same RX TEG, there is no need to report it is which RX TEG.

	FL
	
	
	
	
	
	
	
	For ZTE’s comments: Thank for further explaninnig Option 13. Let us wait to see if we can have more support from other companies on that option. 
For Option 12, since we have the majority of support, I will create a separate proposal for it. I will lower the priority of other proposals in 3.1-3 due to the lack of the support. 





Proposal 3.1-3a (H)
· Support the UE to report the multiple RSTD measurements for a TRP with different UE Rx TEGs if the UE can measure the RSTD from the TRP with different UE Rx TEGs
· FFS: details of the signalling, procedures, and UE capability

Comments
	Company
	Comments 

	Nokia/NSB
	Two comments: 
· An RSTD measurement is between a pair of dl-PRS-ID not for a single TRP
· Isn’t this already supported if a UE supports multiple RX TEGs? What would need to be changed?

	FL
	For Nokia’s 1st question, my understanding is that if UE uses different UE Rx TEGs to measure one of the TRPs that is used  report the multiple RSTD measurements, the time difference of the UE Rx TEGs can be obtained, and the information can be used to eliminate the impact of the UE Rx timing errors on RSTD. For the 2nd question, I assume the proposal is support the case when the RSTD measurements from multiple RX TEGs from the same pair of TRPs.

	ZTE
	We cannot agree with proposal . Not sure what is additional efforts are needed aside from what we have agreed in the following,
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
If the intention is to report Rx timing errors between different UE Rx TEGs,
· We share the similar question with Nokia that, UE receives PRSs from a TRP using 2 Rx TEGs is not the definition of RSTD measurement. We don’t think it’s a good way to define new RSTD.
· Additionally, if UE has 2 Rx TEGs, namely Rx TEG1 and Rx TEG2, a reference TRP can be heard by both Rx TEG1 and Rx TEG2.  UE can choose two reference timings for determining RSTD values. As we discussed with Huawei and MTK in reflector (also reflected in our latest comment in proposal 3.1-2),  it is not necessary to define or report the Rx timing error difference between Rx TEG1 and Rx TEG2, LMF may derive  Rx timing errors between different UE Rx TEGs based on the reported RSTD values. It is more flexible than calculating Rx timing error difference and  new RSTD definition is not required..

	vivo
	Support
To ZTE
In our views, from the previous agreement, we can only get the knowledge that the RSTD measurements are corresponding to UE Rx TEG(s). But in some cases, the multiple TEG group doesn’t have the same TRP, the error will be introduced (just like the previous discussion in the email that triggered by ZTE). And in the evaluation results of Ericsson and vivo, the additional gain will be achieved when Option 5 and Option 12 are combined(which has shown in the previous reply). Therefore, we hope the proposal can be agreed.






Proposal 3.1-3b
Furher Study the following additional options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 11: 
· Support the UE to report original RSTD measurements (uncompensated measurements) and related Rx TEGs information to the LMF
· Option 13:
· Support UE to report multiple reference timings concerning multiple UE Rx TEGs for DL-TDOA,
· Option 14:
· Support TRP to provide the information of whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin to LMF
· Option 15:
· Support UE to report the statistics (variance) of differences of the RX TEGs to LMF
· Option 16:
· Support LMF to request a gNB to meet the association of the same antenna panel for DL-PRS transmission and SRS reception
· Option 17:
· Support a TRP to report the estimated round-trip group delay and corresponding statistics to LMF

· FFS: details of the signalling, procedures, and UE capability
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

Comments
	Company
	Comments 

	
	

	
	





Proposal 3.1-4
· Support a reference UE to provide the Tx timing error differences between Tx TEGs of the same or different TRPs to LMF.
· FFS: details of the signalling, procedures, and UE capability


Comments
	Company
	Comments 

	CATT
	Support. We think it is one of the roles of reference UE.

	Huawei/HiSilicon
	For intra-TRP Tx timing error difference
· First, our preference is that there should be no intra-TRP Tx TEG for PRS transmitted on a single positioning frequency layer.
· Second, even if there is need to report such a value, it can be implemented using Rel-16 framework of additional measurement for a TRP, where each RSTD is associated with a TRP resource/set.

For inter-TRP Tx timing error difference, the behaviour of the reference UE is quite similar to the non-reference UE, i.e. only reporting the RSTD between TRPs, or the UE Rx – Tx time difference for each TRP, and LMF can figure out the timing error difference between TRPs based on the UE reporting and the true TOA from the known location.

	ZTE
	Ok with the proposal

	OPPO
	Generally, the timing error is not fixed. Thus, the benefits need further discussion

	Ericsson
	Do not support.
As we commented in our reply to Proposal 2-3, TRPs typically have only one antenna panel generally, and in particular in industrial setting.  Even if there are multiple panels at TRP, each panel could be defined as a separate TRP.

Furthermore, for inter-TRP case, it is sufficient the UE reports RSTD and UE Rx-Tx measurements as will be specified in Rel-17.  So we are not sure what needs to be specified in RAN1 for reference UE.  


	MTK
	1, We support reference UE, but we don't support the reference UE to provide such information. The reference UE can just report the measurements, and since the position of reference UE is known, the location server can extract the timing error difference from the measurement. And we also wonder whether reference UE will know it is own position, but the gNB will know the position of reference UE during cell deployment and provide the reference UE position to the location server

2, For TX timing error difference between different TRPs, we would like to have another proposal of supporting self-calibration of round trip group delay of gNB. This is because the TX timing error difference can be derived by the combination of downlink and uplink measurement. For example, 
· for DL-RSTD measurement, we see tof1 – tof2  +ΔtTX_tp1 -ΔtTX_tp2   --- (1)
· for UL-RSTD measurement after combining two RTOA measurements, we see tof1 – tof2 +ΔtRX_tp1 -ΔtRX_tp2 ---(2)
· (1) –(2) + (ΔtRX_tp1 +ΔtTX_tp1 ) - (ΔtRX_tp2 +ΔtTX_tp2 ), then TX timing error difference between TRPs which is (  ΔtTX_tp1 - ΔtTX_tp2 ) can be derived
· Therefore, if gNB is capable of measuring round-trip group delay on-the fly (internal calibration), it would be useful for reporting it 

3, The external calibration, through reference UE, may derive the timing error difference of TX or RX. 
4, The internal calibration is able to obtain the round-trip group delay estimation and the one-side group delay difference of TRPs could be derived accordingly
5, We support the deployment of reference UE, but it seems to us that this approach should not be the only solution for timing error difference estimation. It increases the deployment efforts. Therefore, the following proposal is also considered,
· Support the TRP to report RX+TX timing error, which is able to derive timing error difference between TRPs accordingly 

	CMCC
	To our understanding, this proposal only works for a reference UE using the UE-based positioning, where the reference UE obtains the Tx timing error differences between Tx TEGs of different TRPs, and it can report it back to LMF for further calibration.

	Vivo
	For intra-TRP Tx timing error difference, we think it can be discussed further based on the progress on proposal 2-3.
For inter-TRP Tx timing error difference, we are not sure whether ‘inter-TRP Tx timing error difference’ is within the scope of Rx/Tx timing error mitigating, therefore, more clarification is needed before discussing this issue.  

In addition, we would like to noted that for RTT, the TRP side Rx+Tx timing error should be calibrated, it only includes the Rx+Tx timing error that needs to be eliminated and doesn’t include the sync error.


	Nokia/NSB
	Support. Perhaps best discussed with the other reference UE proposals. As Huawei points out if the TEG concept is specified then the procedure is quite similar to normal UE. I.e., if reference UE is introduced and supports RSTD measurements then this feature is supported. 

	LG
	Before we discuss the proposal, we first need to discuss whether elements for the measurement report for normal UE and reference UE are the same or not. In our understanding, it doesn’t need to consider additional information at reference UE. We have a similar view with the first comment from MTK.

	Lenovo,Motorola Mobility
	Seems dependent on Proposal 4-1 on whether a reference device can be a UE and then FFS details, signalling procedures.

	Sony
	Do not support. 
We still think the better alternative is by reporting the Tx TEGs specified for each TRP. By reporting the TRP-specified Tx TEGs rather than the inter-TRP TEGs, it helps the LS to calibrate the TEGs. Furthermore, It also helps in obtaining the statistical property of the TEGs (i.e. mean and variance over multiple TEG measurements) and allows the LS to have further operation based on that.  

	Samsung 
	If report TE/TEG is supported by R17 positioning, then it seems such “reference UE” function could be achieved by  it already.

	CEWiT
	Support this proposal. We believe that if TEG reporting is specified as discussed in prior proposals then reporting of this for reference UE will be like normal UE.

	Intel
	Do not support. Reference UE can report RSTD measurements (with associated TRPs Tx TEG information) to the LMF.

	FL
	Based on the feedback, it seems the motivation of using a reference UE to provide the Tx timing error differences between Tx TEGs of the same TRP is unclear, we may exclude it from the proposal. 
For using a reference UE to provide the Tx timing error differences between Tx TEGs of the different TRPs, a number of companies (Huawei, ZTE, CMCC, Nokia, CEWiT) are supportive to use a reference UE to provide the Tx timing error differences between Tx TEGs of different TRP. However, there are some other companies (Ericsson, MTK, LG, Sony, Samsung, Intel) are not supportive to the proposal. There are additional comments on the relation of the proposal to Proposal 4-1, as well as whether it is in the scope of WI for reporting the inter-TRP timing difference (vivo). Based on the feedback, it seems more discussion is needed. Suggest we first focusing on the discussion in Proposal 4-1.




[bookmark: _Toc69027115]UE Tx and TRP Rx timing errors for UL TDOA
Background
The following conclusion was made in RAN1#104e, related to the option(s) for mitigating UE Tx and TRP Rx timing errors for UL TDOA. 
	Conclusion:
[bookmark: _Hlk68894794]Study the following option(s) for mitigating UE Tx and TRP Rx timing errors for UL TDOA:
· Option 1: 
· Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements
· Option 2: 
· Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· Option 3: 
· Support a UE to provide Tx timing errors per Tx TEG to LMF for UL TDOA positioning.
· Option 4: 
· Support a UE to provide Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning.
· FFS: the details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.




FL Comments
The following table provides a summary of the opinions on the options for the mitigation of UE Tx and TRP Rx timing errors for UL TDOA [1-22].
Table 2 Summary of the opinions on the options for mitigating UE Tx and TRP Rx timing errors for UL TDOA
	Options
	Opinions from the companies

	
	Support
	Not support
	Additional comments

	Option 1: Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements
	Huawei (multiple CCs), vivo, CATT, ZTE, CMCC, Intel, Nokia, MTK, CEWiT
	Ericsson
	OPPO(need to check feasibility)

	Option 2: Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
	Huawei (also add ports),  Vivo, CATT, China Telecom, CMCC, ZTE, Intel , Nokia, MTK
	
	OPPO(need to check feasibility)

	Option 3: Support a UE to provide Tx timing errors per Tx TEG to LMF for UL TDOA positioning.
	CATT, CMCC(if available), Intel
	OPPO, Ericsson
	

	Option 4: Support a UE to provide Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning.
	CATT, Intel, Nokia
	OPPO, Ericsson
	

	
	
	
	



Additional proposals from the contribusions:
· In [1], it was proposed to support a TRP to provide the association information of RTOA measurements with SRS resources/SRS ports to LMF when the TRP reports the RTOA measurements.
· In [1], it was proposed to support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning
· In [4], it was proposed that the UE should provide the information of the UE Tx TEG(s) change associated with SRS resource(s) to the LMF if the UE Tx TEG is associated with SRS resource(s) changes.
· 	FFS how to provide this information to the LMF by the UE.
· In [4], it was proposed that if UE Tx TEG and Tx TEG associated with SRS resource(s) changes, the information should also be provided to the gNB performing SRS measurements,
· In [4], it was proposed that for UL-TDOA the RTOA measurement report for more than one UE Tx TEGs needs to be guaranteed if the gNB is able to measure SRS resources associated with different UE Tx TEGs.
· In [6],  it was proposed to support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin for UL-TDOA
· In [18], it was proposed that the estimated round-trip group delay and corresponding statistics at TRPs may also be reported to LMF  to facilitate uplink RTD estimation for UL-TDOA technique.

From the feedback, it seems there is a consensus to support Option 2 (one company proposes to add ‘ports’ in addition to SRS resources). Option 1 is supported by the majority of companies, except one company considers the option is not needed. It is suggested to check if we can have them both agreed in the online session (see Proposal 3.2-1). 

For the remaining options (Options 3, 4), there are two or more companies that have concerns. Thus, we may need to have a further discussion of them and determine which of them should be supported/not supported in el17 in the meeting (see Proposal 3.2-2).

For the additional options proposed from the interested companies in the meeting, we would need to study and collect companies’ views to determine which of them should/should not be included in Rel-17 (see Proposal 3.2-3)


[bookmark: _Hlk69230094]Proposal 3.2-1
· Support the following options for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Option 1: 
· Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements
· Supported by: CATT, Huawei multiple CCs), MTK, CMCC, Apple, Nokia, LG, Sony, Fraunhofer, Samsung, CEWiT, Intel, Qualcomm
· Not supported by: ZTE, Ericsson
· Option 2: 
· Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· [bookmark: _Hlk69230106]FFS: the association information of ports for the SRS transmission with UE Tx TEG(s) to LMF for UL TDOA positioning.	Comment by CATT - Ren Da: Delete this bullet based on the comments from a number of companies (e.g., Nokia, vivo, Sony) 
· Supported by: CATT, Ericsson, MTK, CMCC, Nokia (remove “FFS” bullet on the ports). LG, vivo, Sony, Fraunhofer, Samsung, CEWiT, Intel, Qualcomm
· Not supported by: 
· FFS: the details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Send an LS to RAN4 to check if there is any issue to support the above enhancements 

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	For Option 1, similar to DL, we only see the need to support this for TRP receiving SRS from multiple CCs.
For Option 2, it was not clear how UE provides the association information of the TEG to the LMF, and we would suggest to clarify that UE provision to the LMF is via UEgNBLMF, which follows the Rel-16 UL-TDOA procedure.

	ZTE
	Do not support option 1. The same view with our comment in proposal 3.1-1, LMF does not need to know the Rx TEG information inside one TRP.
As for option 2, we agree that UE Tx TEG information is essential to LMF, however there is no such reporting procedure so far. So we may consider TRP to report SRS information to LMF(implicitly indication of UE Tx TEG)

	OPPO
	Ok to further discuss Option 1/2. 

	Ericsson
	We can support Option 2.  
As we commented in our reply to Proposal 2-3, TRPs typically have only one antenna panel generally, and in particular in industrial setting.  Hence, we don’t see the need to support option 1.
Also suggest to add a sub-bullet ‘the maximum timing error difference between different TEGs could be a UE capability’.

	MTK
	1, support option 1
2, We support option 2 with some change. For the association between SRS transmission and UE TX TEG, we suggest using {SRS resource set or SRS resource(s) }, and we can further discuss which one is more suitable
3, The spec should support the case that UE can only assume single TX TEG even with multiple panels, if the group delay among panels could be handled pretty well

	CMCC
	Support

	Apple
	Support Option 1

	Nokia/NSB
	Support the proposal minus the FFS on SRS ports. No need to mix the ports discussion with this proposal. 

	LG
	Support.

	vivo
	Support Option2 and share similar views with Nokia. 

	Sony
	Support Option 1 and Option 2 (we do not need FFS on SRS ports at this stage).

	Fraunhofer
	Support Options 1 and 2. To HW, Option1 can be useful to the LMF if the TRP applies cross-polarized antennas to measure two RTOA measurements. 

	Huawei/HiSilicon
	TO Fraunhofer:
In our view, co-polarized antennas at TRPs should be typically in the same TEG.

	Samsung
	Support both options.

	CEWiT
	Support this proposal

	Intel
	Support both options

	Qualcomm
	Support. 

To HW/Err: Same comment as before. In short: We rather be forward compatible, and not just consider “multi-panel” deployments. TEGs are about timing error similarities across time/frequency/panels. If a TRP thinks that it has a single TEG, it will just report 1 all the time, no problem. 



 FL Comments
For Huawei and ZTE’s comments on Option 2 about how the association information is passed from UELMF, yes, I assume this needs to be discussed if we reach the agreement that association information will be sent from UE to LMF.
For MTK’s comments on the associations of SRS resource set and SRS resources, yes, I assume that belongs to more details. We could clarify it if it is necessary. 
For Nokia, vivo and Sony’s comments on the “FFS” bullet related to SRS ports, I assume it is related to the decide on Proposal 2-1. Based on the feedback on Proposal 2-1, it seems we may remove FFS bullet for the “association information of ports”. 
It seems there is no objections to Option 2, except the comment on “•	FFS: the association information of ports for the SRS transmission …). Most companies are also supportive of Option 1 except two companies. The Proposal 3.2-1 is revised as follows with the same format as the agreement made for DL TDOA as follows for further discussion. 

Proposal 3.2-1 (Revision 1)
· Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE providing the association information of UL SRS resources with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements

Comments
	Company
	Comments 

	LG
	Support.

	CATT
	Support.

	Huawei/HiSilicon
	We prefer to add the following Note
Note: support of UE providing the association information of the UL SRS port with Tx TEG depends on whether UE Tx TEG can be associated with the SRS port

And we would also like to point out that UE reporting LMF can be UE  gNB  LMF, considering that the SRS configuration is by RRC.

	Nokia/NSB
	Support. On the note that Huawei suggests we think that we should leave it out for now. The topic of ports/TEG needs to be discussed but lets not overly complicate the current proposal. 

	OPPO
	OK

	ZTE
	For the second bullet, we think whether UE or TRP reports SRS resources to LMF can be further discussed. As we mentioned before, in UL-TDOA, there is no such ‘UE directly reports SRS resources to LMF’ procedure in current spec, comparing with ‘TRP reports SRS resources with RTOA measurements to LMF’, UE reporting requires more complexity and spec impact.  So we suggest to modify the second bullet as:
· Support one of the following alternatives:
· Alt.1: a UE to provide the association information of UL SRS resources with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· Alt.2: a TRP to provide the association information of RTOA measurements with SRS resources to LMF for UL TDOA positioning.
Btw, The second sub-bullet is actually option 5 in proposal 3.2-3 which already has many supporters.


	CEWiT
	We support this proposal. 

	FL
	For Huiwei and ZTE’s comments on the 2nd bullets: If I undertand correctly, both companies are fine with “a UE providing the association information of UL SRS resources with Tx TEGs to the LMF”, but want to further consider “how” the information is provided to LMF, I  was assumeing that is covered in 3rd FFS bullet. ZTE’s We could also add an “FFS” under the 2nd bullet if companies think it is necessary.

For ZTE’s suggestion to include “Alt.2: a TRP to provide the association information of RTOA measurements with SRS resources to LMF for UL TDOA positioning”, which seems mixing TRP Rx TEG with UE Tx TEG. I assume that could be the suppoeted later in signal design. But, for this proposal, I would suggest we focus on UE Tx TEGs only.

· Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE providing the association information of UL SRS resources with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF;  
· FFS: the details of the signalling, procedures, and UE capability







FL Comments
[bookmark: _Hlk69457789][bookmark: _GoBack]Proposal 3.2-1 (Revision 2)(H)
· Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide ing the association information of UL SRS resources with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF;  
· FFS: the details of the signalling, procedures, and UE capability

Comments
	Company
	Comments 

	SONY
	Support 

	vivo
	Support

	CATT
	Support.

	ZTE
	Support.  The wording change for the second bullet:
· Support a UE providing to provide the association information of UL SRS resources with Tx TEGs to the LMF if the UE has multiple Tx TEGs


	Intel
	Support

	Huawei, HiSilicon
	Support. Fine with either wording.

	Ericsson
	We are ok with current FL proposal.

	Nokia/NSB
	We are okay with the proposal. 

	Intel 
	Support. 





Proposal 3.2-2
Further study the options 3 and 4 (which was agreed to be studied in RAN1#104e) for mitigating UE Tx and TRP Rx timing errors for UL TDOA, and decide which of them should, or should not, be adapted in Rel-17 in this meeting. 

Comments
	Company
	Comments 

	CATT
	Support.

	ZTE
	Don’t support option 3 and option 4

	OPPO
	If the timing error is known, it can be calibrated

	Ericsson
	Not support.  If the UE/TRP knows the TX timing error differences then these error differences can be and thus there is no need to signal the timing error differences to the LMF. Thus, options 3 and 4 should not be specified.

	MTK
	1, providing timing error, or timing error difference don’t make sense. If UE knows about the value, UE can adjust the timing before transmission. Therefore we don’t support option 3 and 4
2, What can be provided is the variance (uncertainty) of timing error difference and we support it
3, the variance of timing error per TEG doesn’t need to be provided. The “difference” matters

	CMCC
	Similar as our comment in Proposal 3.1-2, if the Tx timing errors per Tx TEG of a UE are available, option 3 can be supported to assist the LMF to configure the value of M SRS instances (to be discussed in Proposal 5-2/3) properly.

	LG
	We prefer to not support option 3 and 4.

	Sony
	Do not support

	Samsung 
	We understand the TEG will be more like a value range rather than a specific value, if the specific TE or difference are known, it seems can be self-calibrated already as other companies commented.

	CEWiT
	Option 2 is sufficient for conveying the Tx TEG of UE. No need of  option 3 and 4.

	Qualcomm
	We are supportive of Option 3. If the info is available it could be used. 

To Err: it may not be the actual errors, but statistics information of the different time errors across different TEGs. 
It seems MTK has similar understanding from what I see from their reply above, so it is better to clarify this, if it creates a confusion. 

Please also note that the UE is doing TA adjustments (autonomous or not), and currently, UTDOA (and other methods) are effected by that, and there is no solution proposed. How are the companies plan to address this issue? E.g. UE transmits 2 SRS across time, the TA changes in between, and the LMF is doing some averaging. There will be serious errors unless the UE reports somehow that the timing changed. 

For the supporters of UTDOA methods, how do you plan to solve this problem?

	
	




Proposal 3.2-3
Study the following additional option(s) for mitigating UE Tx and TRP Rx timing errors for UL TDOA:
· Option 5:
· Support a TRP to provide the association information of RTOA measurements with SRS resources/SRS ports to LMF.
· Option 6:
· Support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between Tx TEGs to LMF
· Option 7:
· Support a UE to provide the information of the UE Tx TEG(s) change associated with SRS resource(s) to LMF.
· Option 8:
· Support a UE to provide the information of UE UE Tx TEG(s) change associated with SRS resource(s) to a gNB
· Option 9:
· Support a TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin
· Option 10:
· Support a TRP to report the estimated round-trip group delay and corresponding statistics to LMF.
· FFS: the details of the ehavior, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or the TRP (could be by implementation, i.e., no specification impact)
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 5
	OP 6
	OP 7
	OP 8
	OP9
	OP10
	

	ZTE
	Y
	N
	N
	N
	Y
	Y
	Support option 5,9 and 10.
For option 5, this is an implicit way of indicating UE Tx TEG information to LMF.
For option 9, the same view of comments in proposal 3.1-3
For option 10, to our understanding, this is a TRP self-calibration. If it is feasible, then we support to report round-trip group delay to LMF.

	Ericsson
	
	Y
	Y
	
	
	
	For option 6, we are ok with the UE providing the bound of the Tx timing error differences between Tx TEGs to the LMF

	MTK
	Y
	Y
	N
	N
	N
	Y
	1,option 5 depends on whether single TEG is assumed at TRP. If multiple TEGs are considered at TRP, then for a RTOA measurement, the SRS (resource set) transmission by which UE TX TEG, the SRS receiving by which TRP RX TEG may need the association
1, we support option 10 because it could be a solution to derive RX timing error difference between TRPs without the usage of reference UE. It doesn’t harm the system if gNB can measure the round-trip delay and report to the location server. It is not a mandating behavior. The derivation could be
· A UE reports DL-RSTD measurement based on single TEG, we see tof1 – tof2  +ΔtTX_tp1 –ΔtTX_tp2   --- (1)
· Location server performs UL-RSTD measurement after combining two RTOA measurements, we see tof1 – tof2 +ΔtRX_tp1 –ΔtRX_tp2 ---(2)
· (2) –(1) + (ΔtRX_tp1 +ΔtTX_tp1 ) – (ΔtRX_tp2 +ΔtTX_tp2 ), then RX timing error difference between TRPs which is (  ΔtRX_tp1 – ΔtRX_tp2 ) can be derived
· 


	vivo
	
	
	Y
	Y
	
	
	vivo 2
For option7, during the time when the UE transmits the SRS resources, as the UE flips or is blocked, it is up to UE implementation to switch Tx panel for better uplink transmission. Thus, for the same SRS resources for positioning, the associated Tx panel and Tx TEG will also change accordingly. We think the information of Tx TEG change for certain SRS resource(s) should be provided to the LMF.

Moreover, for option8, the ‘UE Tx TEG change information’ should also be provided to the gNB to prevent the gNB performing joint processing on different SRS measurement time occasions associated with different UE Tx TEGs for the same SRS resource(s).

To FL, there seems to be more ‘UE’ in option8.

· Support a UE to provide the information of UE UE Tx TEG(s) change associated with SRS resource(s) to a gNB


	Apple
	Y
	
	
	
	Y
	
	Clarification on Option 10 is needed

	Nokia/NSB
	N
	N
	N
	N
	Maybe
	N
	Can proponents explain the usefulness of TX TEG variance at LMF? How would the TRP estimate such a value? 

	ZTE
	Y
	N
	N
	N
	Y
	Y
	Additional information for option 5: we think the conclusion of proposal 2-1 will determine whether to take SRS resources or SRS ports in option 5. So we suggest to modify option 5 like this:
· Option 5:
· Support a TRP to provide the association information of RTOA measurements with SRS resources to LMF.
· FFS: whether SRS ports need to be provided.


	LG
	
	
	Y
	Y
	
	`
	

	CATT
	Y
	Y
	N
	N
	N
	Y
	Support Option 5,6 and 10, and we think such information will benefit for LMF to calculate the position of UE.

	Huawei/HiSilicon
	Y
	Y
	
	
	
	
	To Nokia:
This is similar to DL TDOA part. In short, the UE location and UE timing error between TEGs can be jointly estimated, and the covariance/bound of the UE timing error between TEGs can be used.

	Sony
	N
	Y
	Y
	N
	N
	N
	1.Support option 6,7
2.About option 6, we think it will be more generic to modify it (or have a new option) as the statistics (variance) of the  Tx TEGs, rather than the statistics of the Tx timing error differences of the Tx TEGs. We assume the purpose of the proposal is to qualify the TEG measurements from each TRP. The intention is good. However, if the LS only obtains the variance of the TEGs difference which is the variance of the (ΔtRX_tp1 –ΔtRX_tp2 ), it wouldn’t be able to identify the TEG measurement quality from single TRP. 
We will support it if the above modification can made.
3.For the option 10, it is still unclear for us why the round-trip group delay could be an option. Aren’t we discussing the UL-TDOA?


	Fraunhofer
	
	Y
(with changes)
	
	
	
	
	We support the option that the  provides information on the  UE Tx timing errors which are not compensated (for example Tx-beam phase center to antenna-pannel). This can be Option 6 with following changes:
· Support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between of one or more Tx TEGs to LMF
Or  similar to option 9
· Support a UE to provide the information to LMF that indicates whether the Tx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin


	Samsung 
	Y
	N
	N
	N
	N
	N
	

	MTK2
	
	
	
	
	
	
	Respond to Apple and Sony for option 10:

For UL-TDOA, TRP performs UL-RTOA measurement and reports to location server. Location server takes differential on 2 UL-RTOA measurements to form a UL-RSTD. Then for a UL-RSTD value, the RX timing error difference of a pair of TRPs will impact the accuracy.

The question is,
1, whether RX timing error (delay between antenna to ADC) of a TRP can be derived? If the TRP knows about the timing error value, TRP can compensate it before UL-RTOA reporting, and then the issue is close
2, the RX timing error difference of a pair of TRPs could be estimated by the reference device method (external calibration), since the distance between TRPs and the reference device is known. Therefore, the RX timing error difference could be derived. Do we design a system only to rely on reference device?
3, If TRP is able to perform internal calibration, by sending preamble from DAC to RF coupler and then back to ADC, then the round-trip (RX+TX) group delay could be estimated. Similar to UE side. We already see wifi AP product and wifi terminal to be able to perform the round-trip timing delay estimation for improving positioning accuracy using wifi
4, if the round-trip (RX+TX) timing delay per panel per TRP can be derived, then the RX timing difference between TRPs can be derived through the combination of downlink and uplink measurement. We see that,
· A UE reports DL-RSTD measurement based on single TEG, we see tof1 – tof2  +ΔtTX_tp1 –ΔtTX_tp2   --- (1)
· Location server performs UL-RSTD measurement after combining two RTOA measurements, we see tof1 – tof2 +ΔtRX_tp1 –ΔtRX_tp2 ---(2)
· (2) –(1) + (ΔtRX_tp1 +ΔtTX_tp1 ) – (ΔtRX_tp2 +ΔtTX_tp2 ), then RX timing error difference between TRPs which is (  ΔtRX_tp1 – ΔtRX_tp2 ) can be derived

This means, some proper downlink measurement configuration is able to assist uplink positioning performance




	CEWiT
	Y
	Y
	
	
	Y
	`
	

	Intel
	Y
	
	
	
	
	
	Regarding options 6,7,8,9,10 we need to agree on baseline options to have further discussion on details

	FL
	Y: 9
N: 2
	Y: 7
N: 4
	Y: 4
N: 6
	Y: 2
N: 7
	Y: 4
N: 4
	Y: 4
N: 3
	Based on the feedback, it seems Option 5 is clearly supported by the majority of the companies, while for the Option 6 and 10 the number of the supporters are slightly more than the numbers not supporting them. The suggestion is to reduce the priority of 
 
Suggest keeping Option 5, 6 and 10 for high-priority for now. but lower the priority for the rest of the options.


	Huawei/HiSilicon
	
	
	
	
	
	
	Thanks for the explanation from MTK, we are OK to further investigate the benefit of Option 10.

	Vivo 3
	Y (only for SRS resource)
	
	Y
	
	
	
	We think that Option7 should not be listed as low priority, as it is closely related to Option2 in Proposal 3.2-1 (Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning).
‘UE providing Tx TEG Information for SRS resources’ is likely to be supported, but we cannot guarantee that this information will never change only based on the initial Tx TEG Information report. For different SRS instances, the Tx TEG associated with the same SRS resource may change due to various reasons, e.g. Tx panel switch, timing drift. If the UE does not only perform ‘one-shot’ SRS transmission, UE providing the information of ‘Tx TEG change’ is necessary.

We can support option5 only for the case of ‘SRS resource’, as proposal 2-1 for SRS port is not concluded.

	Ericsson views updated
	Y
	Y
	Y
	Y
	N
	N
	For option 5, this is needed in order for the LMF to combine the UE Tx TEG information and the gnodeB measurement of the SRS. 

For option 6, we are ok with the UE providing the bound of the Tx timing error differences between Tx TEGs to the LMF

For option 8, we assume that for at least the non-serving gnodeBs, this mean the LMF would forward the information. 

For option 10, our understanding is also that  the procedure is TRP self calibration. A gnodeB doing this would also compensate for the misalignement in the reported measurements and DL-PRS transmission. Thus the procedure can be left transparent to the LMF and no report is necessary. 

	MTK
	
	
	
	
	
	
	Respond to E///:

Let’s just assume single panel per TRP. The location server may know the RX timing delay difference between a pair of TRPs through reference device by SRS transmission, and TRPs perform UL-RTOA measurements.

Our thinking is, the system could be too risky if relying on reference device is the only solution. We also see that for both UE and TRP, it is feasible to perform self-calibration to learn the RX+TX timing delay, but the respective RX timing delay and respective TX timing delay may not be known.

If the estimated RX+TX timing delay could be reported to location server, no matter by TRP or by UE, the location server may take the chance to derive TX timing delay difference between TRPs, and also derive RX timing delay difference between TRPs, which is able to improve the accuracy for DL-RSTD measurement and UL-RSTD ( taking differential on 2 UL-RTOA measurements)  




[bookmark: _Toc69027116][bookmark: _Toc62397279]UE Rx/Tx timing errors in DL+UL positioning
Background
The following conclusion was made in RAN1#104e, related to the option(s) for mitigating UE Rx/Tx timing errors in DL+UL positioning. 
	Conclusion:
Study the following options for mitigating UE Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF
· Option 2:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· FFS: the definition of UE RxTxTEG. It includes both UE Rx timing and Tx timing errors.
· Option 5:
· Support UE to provide the association information of DL-RSTD measurements with UE RxTx TEGs in a measurement report to LMF for simultaneous DL-TDOA and UL-TDOA configuration for positioning
· Option 6: 
· Support UE to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 7: 
· Support UE to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signaling, procedures and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.



FL Comments
The following table provides a summary of the opinions on the options for the mitigation of UE Rx/Tx timing errors in DL+UL positioning [1-22].
Table 3 Summary of the opinions on the options for mitigating UE Rx/Tx timing errors in DL+UL positioning
	Options
	Opinions from the companies

	
	Support
	Not support
	Additional comments

	Option 1: Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF

	vivo, CATT, ZTE, China Telecom, CMCC,  Intel, , Nokia
	
	OPPO(need to check feasibility)

	Option 2:	Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
	CATT, ZTE, CMCC, Intel, Nokia, MTK(TX antenna panel or TEG)
	
	OPPO(need to check feasibility)

	Option 3: Combination of Option 1 and Option 2;
	CATT, ZTE, CMCC, Intel, , Nokia
	
	OPPO(need to check feasibility)

	Option 4: Support UE to provide the association information of UE Rx-Tx time difference measurements with UE RxTx TEGs in a measurement report to LMF for multi-RTT positioning
	FFS: the definition of UE RxTxTEG. It includes both UE Rx timing and Tx timing errors.
	Huawei(same UE RxTx TEG), , Qualcomm, Apple
	
	OPPO(need to check feasibility)

	Option 5: Support UE to provide the association information of DL-RSTD measurements with UE RxTx TEGs in a measurement report to LMF for simultaneous DL-TDOA and UL-TDOA configuration for positioning
	
	
	OPPO(need to check feasibility)

	Option 6: Support UE to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
	Intel
	OPPO, Ericsson
	

	Option 7: Support UE to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
	Qualcomm
	OPPO, Ericsson
	



Additional proposals from the contributions:
In [6], it was proposed that for option 2, support the following reporting of UE Tx TEG ID associated with each Rx-Tx time difference measurement and SRS resource ID/resource set ID along with the Rx-Tx time difference measurements.
In [18], it was proposed that for M-RTT, UE and gNB may report the statistics (variance, uncertainty level) of the round-trip group delay of the associated antenna panel. Round-trip group delay compensation should have been done before reporting.
In [19], it was proposed that for timing measurement with different Rx/Tx TEGs, following parameter for measurement report and/or assumption for measurement can be specified: TEG ID or value (e.g. timing margin or offset) in measurement report; and ensuring same Rx/Tx TEGs at both UE and TRP within the measurement time window;
In [20], it was proposed that for mitigating UE Rx/Tx timing errors in DL+UL positioning methods consider the impact internal UE clock accuracy and drift for RxTx timing errors per RxTx TEG and Tx timing errors per Tx TEG.

Based on the feedback, for supporting DL+UP positioning it seems there are different views on whether to use two separate TEGs (Rx TEG and Tx TEG) for Tx timing error and Rx timing error (Option 1, 2, 3) or use one combined TEG (RxTx TEG) (Option 4). We may remove Option 5, since it seems no company supports it. More discussion is needed for Option 6 and 7 since at least two companies do not support them. The suggestion is to continue discussing Option 1-4, 6-7 and making the decision on which of them should be supported/not supported in the meeting (see Proposal 3.3-1).

For the additional options proposed in the meeting from the interested companies, we would need to first study and collect companies’ views on which of them should/should not be included in Rel-17 (see Proposal 3.3-2). The proposals related to the details of the signaling parameters may be considered later once we have determined which of the options are adopted. 

Proposal 3.3-1 (H)
Further study the options 1, 2, 3, and 4, 6, and 7 (which was agreed to be studied in RAN1#104e) for mitigating UE Rx/Tx timing errors in DL+UL positioning, and decide which of them should, or should not, be adapted in Rel-17 in this meeting. 

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 1
	OP 2
	OP 3
	OP 4
	OP6
	OP7
	

	CATT
	N
	N
	Y
	N
	N
	N
	The reason for our preferences are as follows:
· For DL+UL positioning, UE Tx and Rx timing errors or timing error differences don’t need to be provided to LMF, and UE Tx and Rx timing errors or timing error differences can be compensated directly by UE when UE reports UE Rx-Tx time difference measurements.
· For mitigating UE Rx/Tx timing errors in DL+UL positioning, considering the ehavior overhead and the fact that LMF can obtain the association information or timing errors/time error differences per RxTx TEG of UE by combining corresponding information per Rx TEG and per Tx TEG of UE, there is no need to introduce and provide the association information or timing errors/time error differences per RxTx TEG to LMF for UE.

	ZTE
	Y
	Y
	Y
	N
	N
	N
	RxTx TEG can only be used in multi-RTT, which is not a generic solution, and RxTx TEG can be replaced by Rx TEG indication and Tx TEG indication independently,  which is more flexible and universal.

	Ericsson
	
	
	Y
	
	
	
	For Option 2 to make sense, we need an association of the UE RX-TX time difference measurement with an SRS resource TX occasion

Related to Option 6, it may be beneficial if UE can provide the maximum timing error difference between different UE Rx/Tx TEGs as UE capability info.

	MTK
	N
	Y
	N
	N
	N
	N
	(1), To compare option 2 and 4, we support option 2 now, for the following reason: for UE RX-TX time difference measurement, UE should know its own round-trip group delay and compensate it before reporting. The compensation is to move the reference point from baseband to the antenna. Then, the reporting could be like: ΔtTX_tp1 + tof1 – mu + ΔtRX_ue_panelA + TA1 – ( + . And it is related to TX timing delay of TRP and UE. So in order to do cancellation by the proper pairing with a gNB RX-TX time difference measurement which also contains TX timing delay of TRP and UE, the association of SRS transmission with a UE TX TEG should be specified. 
(2), Option 3 is not needed (option 1 is not needed either). This is because UE RX timing delay has been compensated due to the reference point definition at antenna  
Respond to QC:
We didn’t make assumption that PRS1 and PRS2 are within the same RXTEG. Our thinking is, PRS1 is received by panel A and SRS1 is transmitted by same panel (panel A). Same situation for PRS2 and SRS2 under panel B. And we assume panel A and panel B belong to different TEG.
We don’t expect PRS1 is received by panel A but SRS1 is transmitted by panel B, because PRS1 is transmitted by a TRP and the intention for SRS1 is also targeted to this TRP. Another reason is, the round-trip (RX+TX) timing delay within a same panel could be estimated. 

Assume that UE performs 2 UE RX-TX time difference measurements based on PRS1/SRS1, and PRS2/SRS2, since the reference point is at antenna (connector), the measurement initially based on baseband needs to move the reference point to antenna, and we see the following relationship that, 
UE RX-TX time difference using baseband as reference point MINUS (ΔtTX_ue_panelA +ΔtRX_ue_panelA) is equal to UE RX-TX time difference using antenna (connector) as reference point

When using antenna as reference point, only TX timing delay terms are within the UE RX-TX measurement. Same condition as gNB RX-TX measurement. However, TX timing delay terms in UE RX-TX and gNB RX-TX can be cancelled when combining both. After TX timing delay terms are cancelled, the desired term, TOF, emerges

So when UE reports UE RX-TX measurement, UE may also report using which TEG for SRS (resources) transmission, and also report which DL-PRS (resources) to be measured. And when gNB reports gNB RX-TX measurement, gNB may also report using which TEG for DL-PRS (resourcecs) transmission, and also report which SRS (resources) to be measured. As such, the location server may do the pairing properly to cancel the remaining TX timing delay terms.

The RX timing delay terms are gone when using antenna (connector) as reference point. 

Report the the association with which TX TEG is for pairing purpose.

	CMCC
	
	
	Y
	
	
	
	

	QC
	N
	N
	N
	Y
	N
	Y`
	A few examples that we also added in the paper.
· To MTK: PRS1/SRS1 are close-by in time. PRS2/SRS2 are close-by in time but far away from the PRS1/SRS1. The UE computes RxTx1 on PRS1/SRS and RxTx2 on PRS2/SRS2. The UE has time-drift. If the UE only has TxTEG reporting, how will it be able to say that these 2 measurements have same timing errors? Do you make the assumption that the PRS1 and PRS2 are within the same RxTEG? 
· PRS1/SRS1 are in CC1. PRS2/SRS2 are in CC2. The UE computes RxTx1 on PRS1/SRS and RxTx2 on PRS2/SRS2. The UE has characterized the time difference in RxTx measurements that happen in the different CCs (note that Rx Timing is different in different CCs and Tx timing is different, but the UE has done an effort to identify the Rx-Tx GD difference between the CCs). How can reporting Tx-TEG be useful here? What really matters is how much is the timing error of Rx-Tx measurement and not of Tx timing. 

	Vivo
	Y
	Y with modifications
	N
	N
	
	
	In DL and UL positioning, the DL measurements ‘Rx-Tx time difference’ is decoupled from SRS transmission. The ‘Rx time’ in ‘Rx-Tx time difference’ is determined by the receiving time of PRS resource, while the ‘Tx time’ in ‘Rx-Tx time difference’ is determined by the time of the UL subframe that is closest in time to the receiving time of PRS resource instead of the time of SRS transmission. If support UE to provide the association information of UE Rx-Tx time difference measurements with ‘{Rx TEGs, Tx TEGs}’ or ‘RxTx TEGs’, it is needed to indicate the association information of the ‘SRS resource ID/set ID’ with Rx-Tx time difference measurements, since different pair of {PRS resources, SRS resources} may be associated with different Tx TEGs in ‘{Rx TEGs, Tx TEGs}’ or different ‘RxTx TEGs’. However, this makes it difficult to decouple the DL measurements and SRS transmission in DL and UL positioning.   

In addition, we also cannot guarantee that Tx TEG(s) information associated with the ‘Tx time’ in ‘Rx-Tx time difference’ is always the same as the Tx TEG(s) information associated with the actual SRS transmission. For example, the information of the UE Tx TEG(s) associated with SRS resource(s) may be changed during SRS transmission time, which is up to UE implementation. If support UE to provide the association information of UE Rx-Tx time difference measurements with ‘RxTx TEGs’, once the information of the UE Tx TEG(s) (or Tx panel(s)) associated with SRS resource(s) is changed, it is difficult to apply the change of Tx TEG(s) (or Tx panel(s)) to certain ‘RxTx TEG’, as one ‘RxTx TEG’ is composed of both DL measurements and SRS transmission. So we think in DL and UL positioning, it is better to provide the information of the UE Tx TEG(s) associated with SRS resource(s) (as in UL-TDOA method) rather than the DL measurements of ‘Rx-Tx time difference’.
Vivo 2
In DL+UL positioning, we support ‘Rx-Tx time difference’ measurement associated with UE Rx TEG rather than UE RxTx TEG and {Rx TEG,Tx TEG}. We also support UE to provide the information of the UE Tx TEG(s) associated with actual SRS transmission instead of ‘Rx-Tx time difference’ measurement.

For option2, we support it with following modifications 
· Support UE to provide the association information of UE Rx-Tx time difference measurements SRS resources for positioning with UE Tx TEGs in the measurement report to LMF


	Apple
	N
	N
	N
	Y
	N
	
	We think Opt4 is the most related accumulated TEG, that is related to UE, for m-RTT technique. Clarification on Opt 10 and its delta with 4 will be useful.

	Nokia/NSB
	Y
	Y
	Y
	Maybe
	N
	N
	

	LG
	Y
	Y
	Y
	N
	N
	N
	Separated report for Rx TEG indication and Tx TEG indication seems more flexible and it also covers RxTx TEG. Regarding timing error reporting, we are still concerned about whether it is feasible.

	Huawei/HiSilicon
	Y
	Y
	Implicity support
	Additoinal study
	
	
	In our view, regardless of whether RxTx TEG is defined, the related individual Rx TEG and Tx TEG is required to report, which should be the baseline, and cannot be replaced by reporting RxTx TEG alone.
For example, UE reports
· Rx TEG1 to
· Receive PRS#1
· Receive PRS#2
· Rx TEG2 to
· Receive PRS#3
· Receive PRS#4
· Tx TEG1 to
· Transmit SRS#1
· Tx TEG2 to
· Transmit SRS#2
Natually UE Rx – Tx time difference based on the PRS/SRS from the same pair of {RxTEG and TxTEG} should naturally have a common timing error (in the asme RxTx TEG), e.g. PRS#1-SRS#1 and PRS#2-SRS#1, which is what “implicitly support” here means.
Option 4 allows indication that {RxTEG1, Tx TEG1} and {RxTEG2, TxTEG2} are actually in the same RxTx TEG, so that UE Rx – Tx time difference measurements for the pairs that are not in the same Rx TEG and Tx TEG can also have a common timing error, e.g. PRS#1-SRS#1 and PRS#3-SRS#2.

	Sony
	
	
	
	Y
	
	
	We doubt the feasibility of a UE measuring its own Rx TEGs and Tx TEGs in DL+UL positioning method. What the UE measures is the UE RxTx timing difference. Even though the RTT can be known in the UE side, it is still unclear for us how the UE decouples the Rx TEG term and the Tx TEG term. As far as we are concerned, the UE can obtain the RxTEG + TxTEG, rather than RxTEG and TxTEG individually. 
The option 4 is more possible to be achieved. In terms of genericity, we think it is not a problem because so far only the Multi-RTT/DL+UL method requires the UE TEG.

	Samsung 
	N
	N
	N
	Y
	N
	Y
	

	CEWiT
	
	
	Y
	Y
	
	
	

	Intel
	
	
	Y
	N
	N
	N
	

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Qualcomm
	
	
	
	
	
	
	To MTK: Why do we talk about multi-panels Ues only? We should try to expand the scope and think of this more generally (time/frequency/antenna/panel dimensions). It seems you are suggesting to report (RxTEG, TxTEG) for a Rx-Tx measurement. If yes, lets discuss with an example. I would appreciate the answer of supporters of Option 1-3:
 Lets say we have 2 RxTx measurements, for which the UE reports:
· (RxTEG1, TxTEG1) for both. Then, what will the spec write as UE requirements?
· Option 1: Those 2 measurements have similar Rx-Tx Timing Errors, 
· Option2: Those 2 measurements have similar Rx Timing Error AND similar Tx Timing error? 
· (RxTEG1, TxTEG1) for the 1st RxTx and (RxTEG1, TxTEG2) for the 2nd RxTx. What with the spec say about the UE requirements in this case? 
· Opt. 1: Do those 2 Rx-Tx measurements have the same Rx Timing error, and different Tx Timing Error?
· Opt. 2: Nothing can be inferred for the Rx Timing, Tx Timing, or Rx-Tx timing error

Qualcomm’s answers in the above are: Option 2 for both
· For the 1st question, an Rx-Tx measurement only has an Rx-Tx timing error characterized. There is NOTHING that can (or should be said) about the Rx Timing or the Tx Timing error, or there is nothing useful that can be said. Why is it useful to know whether 2 Rx-Tx measurements have the same Rx Timing error? What matters is if the UE has been able to keep the Rx-Tx timing error similar between the 2 measurements.  

· For the 2nd question: Similar to 1st question, there is nothing useful that can be inferred by looking at partially one of the 2 tags (either Tx or Rx), since there should not be a physical meaning of those individual tags for a Rx-Tx measurement. 


In other words, is the understanding of Option 3’s supporters the following? 
· For a Rx-Tx measurement, a device may report (Rx-TEG, Tx-TEG), and if 2 or more Rx-Tx measurements have both IDs the same, then the Rx-Tx timing errors of these measurements are within a certain margin; if any of the IDs are different, then no assumption can be made about the Rx Timing errors or Tx timing errors or Rx-Tx timing errors of the measurements being within a certain margin.

	FL
	Y: 5
N: 5
	Y: 6
N: 4
	Y: 7
N: 6
	Y: 5
N: 6
	Y: 0
N: 9
	Y: 2
N: 6
	Suggest continue the discussion, since  both sides have strong motivations. 


	MTK
	
	
	
	
	
	
	Respond to QC:

We look at RX+TX timing delay as a whole, not respective RX delay and respective TX delay.

From requirement point of view, if we define respective TX error margin and respective RX error margin and the sum of both become the error margin for RX+TX, it doent mean the requirement becomes tighter. For example,  if TX error margin is 2ns, and RX error margin is 2ns, then the sum of error margin becomes 4ns. If we directly define RX+TX error margin, we could get 3ns, which is tighter than the sum of respective RX and TX error margin. Or QC prefers tighter requirement? 

This doesn't mean we need to define RXTX TEG to avoid item 2 above.

If we talk about performance requirement, UE RX-TX requirement and gNB RX-TX requirement would be separate.

For performance requirement point of view, if Fig.3-3 in our contribution R1-2103600 is correct, then
· UE RX-TX time difference from baseband contain  “ΔtTX_tp1  + tof1 – mu +  ΔtRX_ue_panelA  + TA“
· UE estimated RX+TX delay and compensate it to derive UE RX-TX time difference from RF containing “ΔtTX_tp1 + tof1 – mu + ΔtRX_ue_panelA + TA1 – ( +  “ 
· mu is the slot timing difference between a gNB and a UE. It seems to us that some proper test setting can allow tof1 – mu+TA1 = 0, for example UE is very very close to gNB. Then the ideal UE RX-TX value would be 0, and if UE reports a value not equal to 0, then this is the estimation error
· the residuals are  ΔtTX_tp1 +ΔtRX_ue_panelA  – ( + , which is the actual gNB TX delay PLUS the actual UE RX delay, and then MINUS the estimated UE TX+RX delay. The estimated UE RX delay may be precise to cancel the actual UE RX delay, but the estimated UE TX delay may not cancel the actual gNB TX delay within UE RX-TX time difference. This would be the margin for performance requirement for UE RX-TX time difference measurement  
· It seems to us that if we want to look at the residuals ΔtTX_ue_panelA +ΔtRX_ue_panelA – ( + , which is the UE RX+TX delay error between actual and estimated value, we need to combine the estimated UE RX-TX and the estimated gNB RX-TX so that we can observe it. But in the mean time, we also observe gNB RX+TX delay error between actual and estimated value as well. The estimated UE TX delay within UE RX-TX is to cancel the actual UE TX delay term within gNB RX-TX


The margin within TEG may be used for performance requirement purpose. TEG may also be used as indication as we mentioned above. If SRS transmission is tagged with a TX TEG, location server may know that there would be actual UE TX delay term from which UE TX TEG within gNB RX-TX report. If DL-PRS transmission is tagged with a TX TEG, location server may know that there would be actual gNB TX delay term from which gNB TX TEG within UE RX-TX report.

The error margin for UE RX-TX report seems to be able to separate for RX and TX respectively. This is because RX error is actual UE RX delay minus estimated UE RX delay. But TX error is actual gNB TX delay minus estimated UE TX delay. Then we may give tighter requirement for RX margin, and looser requirement for TX margin.

From indication for pairing UE RX-TX and gNB RX-TX point of view, TX TEG is enough. If we further look at the need for performance requirement, and as tie breaker, we are okay with Huawei’s proposal saying that

[bookmark: _Hlk69384028]Regardless of whether RxTx TEG is reported, Rx TEG associated with PRS reception, and Tx TEG association with SRS transmission should anyway be reported to the LMF. On top of that, additional RxTx TEG info that can be reported for a given Rx TEG and Tx TEG pair can be a nice-to-have feature.


	Ericsson view updated
	
	
	Y
	
	
	
	For Option 2 to make senseTo be able to utilize the UE Tx TEG information, we need an association of the UE RX-TX time difference measurement with an SRS resource TX occasion, which is not mentioned in any of the options. propose to add the following sub-bullets to option 2:

· Option 2:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
· the UE provides association of the UE Tx TEG with an SRS occasion
· FFS: how to provide the association


Related to Option 6, it may be beneficial if UE can provide the maximum timing error difference between different UE Rx/Tx TEGs as UE capability info.

	FL
	
	
	
	
	
	
	I am wondering if we can have a compromised structure for UE Rx-Tx time difference measurement:

· Each UE Rx-Tx time measurement is asscated with a single UE RxTx TEG;
· Each UE RxTx TEG  is associated with one or more UE {Rx TEG, Tx TEG} pairs that have the same Rx+Tx error range;
· Each UE Rx TEG is associated with one or more DL PRS resources/resources sets;
· One UE Tx TEG is associated with one or more UL SRS resources/resource sets;



	Qualcomm
	
	
	
	
	
	
	Analysis is good and very well appreciated, but i really want to see with examples how your proposals will work:
· Example 1: PRS1/SRS1 in one band, PRS2/SRS2 in another band. Both bands are well calibrated. The UE will want to say that both of them have the same Rx-Tx timing error, BUT the Tx Timings are different and the Rx timing are different. Still the bands are calibrated so their Rx-Tx timing errors are very small, or in other words within the same margin. 
· How will the UE report that the 2 Rx-Tx measurements are the same, if the Tx timings of the SRS are different? With the new proposal from Ren Da with the addition of Ericsson, will the UE report the following?
· Same timing errors for both RxTx1 and RxTx2 so, the UE will want to report:
· RxTx1 -> (RxTEG1, TxTEG1) 
· RxTx2 -> (RxTEG1, TxTEG1) 
· Different Tx timings of SRS1 and SRS2 since they are in different bands, so the UE will want to report:
· Tx SRS1 -> TxTEG1 
· Tx SRS2 -> TxTEG2
· Different PRS Rx timings of since they are in different bands, so the UE will want to report:
· Rx PRS1 -> RxTEG1 
· Rx PRS2 -> RxTEG2

· Example 2: PRS1/SRS1 close-by in time, PRS2/SRS2 close-by in time but far from PRS1/SRS1. The Tx and Rx GD changed between the time of PRS1/SRS1 and PRS2/SRS2, but the UE can guarantee, since the PRS/SRS pairs are close-by that the Timing Errors are small. The UE will want to say that both of them have the same Rx-Tx timing error, BUT the Tx Timings are different and the Rx timing are different. 
· How will the UE report that the 2 Rx-Tx measurements have the same timing error, if the Tx timings of the SRS are different? Same inconsistency as before:
· Same timing errors for both RxTx1 and RxTx2 so, the UE will want to report:
· RxTx1 -> (RxTEG1, TxTEG1) 
· RxTx2 -> (RxTEG1, TxTEG1) 
· Different Tx timings of SRS1 and SRS2 since they are too far away in time, so the UE will want to report:
· Tx1 SRS -> TxTEG1 
· Tx2 SRS -> TxTEG2
· Different PRS Rx timings of since they are too far away, so the UE will want to report:
· Rx PRS1 -> RxTEG1 
· Rx PRS2 -> RxTEG2

Don’t you see the inconsistency? 
· In the Rx-Tx report, the UE has to say that the TxTEGs are the same because what matters are the Rx-Tx errors
· In the SRS TEG report, it has to say they are different because the actual Tx timings of the SRS are different! The only way such reports are consistent is if the “meaning” of TxTEG1 in the Rx-Tx measurement is NOT the same as the “meaning” of TxTEG1 in the SRS TEG report. In other words, introduce a RxTx TEG report. 

[bookmark: _Hlk69384465]The only way i see to avoid the confusion in the above examples is to say:
· Each UE Rx-Tx time measurement may be associated with a single UE RxTx TEG.
· Support a UE to provide association of a Rx-Tx measurement with a RxTx TEG   
· Support a UE to provide association of a Rx-Tx measurement with an SRS occasion
· Support a UE to provide association of a UE Tx TEG with one or more UL SRS resources/resource sets;
· FFS: How the report 

In the above, we have an RxTx TEG report and an association to an SRS. Then also the UE reports SRS Tx TEG to the network. The network knows which measurements hav the same Rx-Tx errors, and whether SRS Tx are the same or not. 
· I still don’t see however why Rx TEG is needed to be reported in an RTT report. We ll support it in TDOA report, but why RTT report? Why would the LMF need to know in an Rx-Tx report that 2 Rx PRS resources have similar timing errors? 

	Huawei, HiSilicon
	
	
	
	
	
	
	Just a couple of clarification questions to QC:
· Is the intention from QC that reporting {PRS ID, SRS ID, TxTEG ID, RxTxTEG ID} is equivalent to reporting {PRS ID, SRS ID, TxTEG ID, RxTxTEG ID, RxTEG ID}? In other words, what is the view from Qualcomm for reporting UE Rx – Tx time difference measurements associated with different Tx TEG, differnet Rx – Tx TEG, but the same Rx TEG, in which case not reporting RxTEG ID will lose information?
· There could be non-calibrated UEs, and reporting RxTEG and TxTEG without reporting RxTxTEGs for multi-RTT can still be valid, in which case only the measurements associated with the same {RxTEG, TxTEG} pair have the same timing error. What is QC’s view to deal with the UE not performing calibration?

	ZTE
	
	
	
	
	
	
	Support separate indication to build a flexible, clear and universal configuration for DL-TDOA, UL-TDOA and multi-RTT. Note that DL-TDOA+UL-TDOA is actually differential multi-RTT, so we think separate indication suits more scenarios when the combined schemes are adopted.

	ZTE3
	
	
	
	
	
	
	We agree with HW’s opinions in general. If a UE is not calibrated(or do not have this capability), the UE cannot determine whether the 2 Rx-Tx time difference measurements have the same RX+TX timing error or not. This kind of UE can report TX TEG and RX TEG separately.

	
	
	
	
	
	
	
	





Proposal 3.3-2
Study the following additional options for mitigating UE Rx/Tx timing errors in DL+UL positioning: 
· Option 78: 
· Support a UE to report the statistics (variance, uncertainty level) of the UE RxTx TEGs to LMF
· Note: UE round-trip group delay compensation should have been done before reporting.
· Option 98:
· Consider the impact of UE internal clock accuracy and drift for RxTx timing errors per RxTx TEG and Tx timing errors per Tx TEG for mitigating TRP Rx/Tx timing errors in DL+UL positioning.

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP87
	OP98
	

	MTK
	Y
	Y
	1, When UE compensates by subtracting the round-trip group delay from UE RX-TX time difference measurement before reporting, this behaviour is to move the reference point to antenna. The compensation could be done by using the mean value, and therefore the variance could be reported to location server as weighting basis
2, for option 8, it seems that DL-TDOA + UL-TDOA may avoid the UE clock drift, if it is so significant. We are okay for further study

	QC
	Y
	
	We have already an Option 7 in the previous proposal, is that just an additional clarification of the previous Option 7?

	Nokia/NSB
	N
	
	Option 8 is not a solution and seems more related to RAN4? 

	FL
	
	
	For QC’s question, I should use Option 8, 9 in Proposal 3.3-2 instead Option 7 and 8.

	LG
	N
	N
	Same view as metioned in the above proposal 3.3-1.

	Sony
	Y
	N
	

	Fraunhofer
	Y
	Y
	For option 9, the issue here might be the time changes due to UE clock drifts or due to a UE time adjustment. The impact could be more relevant for RTT or RTT+TDOA methods

	CATT
	N
	N
	We prefer to firstly discuss whether RxTx TEG is needed, before we discuss the options related to RxTx TEG.

	Samsung
	N
	Y
	

	FL
	Y: 4
N: 4

	Y: 3
N: 3
	It seems the number of the supporter for both options equals to the number of the non-supporter. But, it seems many companies have not provide their views on these two options. If this is the case, we may consider reducing the priority for both options.




[bookmark: _Toc62397281][bookmark: _Toc69027117]gNB Rx/Tx timing errors for DL+UL positioning
Background
The following conclusion was made in RAN1#104e, related to the option(s) for mitigating gNB Rx/Tx timing errors in DL+UL positioning. 
	Conclusion:
[bookmark: _Hlk68894741]Study the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· Option 5: 
· Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of ehavior and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.




FL Comments
The following table provides a summary of the opinions on the options for the mitigation of gNB Rx/Tx timing errors in DL+UL positioning[1-22].
Table 4 Summary of the opinions on the options for mitigating TRP Rx/Tx timing errors in DL+UL positioning
	Options
	Opinions from the companies

	
	Support
	Not support
	Additional comments

	Option 1: Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
	CATT, ZTE, Intel, China Telecom, Nokia
	Ericsson
	OPPO(need to check feasibility)

	Option 2: Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
	CATT, ZTE, Nokia  Intel, MTK(TX antenna panel or TEG)
	Ericsson
	OPPO(need to check feasibility)

	Option 3: Combination of Option 1 and Option 2;
	CATT, ZTE, Nokia, Intel
	Ericsson
	OPPO(need to check feasibility)

	Option 4: Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
	Huawei(multiple CCs), Qualcomm, Apple
	Ericsson
	OPPO(need to check feasibility)

	Option 5: Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
	Intel
	OPPO, Ericsson
	

	Option 6: Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
	Qualcomm
	OPPO, Ericsson
	



Additional proposals from the contributions:
In [6], it was proposed to support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
In [18], it was proposed that for M-RTT, UE and gNB may report the statistics (variance, uncertainty level) of the round-trip group delay of the associated antenna panel. Round-trip group delay compensation should have been done before reporting.

Based on the feedback, for supporting DL+UP positioning it seems there are different views on whether to use two separate TEGs (Rx TEG and Tx TEG) for Tx timing error and Rx timing error (Option 1, 2, 3, and 5) or use one combined TEG (RxTx TEG) (Option 4 and 6). One company considers none of the options is needed. Thus, we may need more discussion on the options to be adopted in Rel-17. The suggestion is to continue discussing them and making the decision on which of them should be supported/not supported in the meeting (see Proposal 3.4-1).

For the additional options proposed in the meeting from the interested companies, we would need to first study and collect companies’ views on which of them should/should not be included in Rel-17 (see Proposal 3.4-2). The proposals related to the details of the signaling parameters may be considered later once we decide which of the options are adopted. 


Proposal 3.4-1
Further study the options 1, 2, 3, 4, 5, and 6 (which was agreed to be studied in RAN1#104e) for mitigating TRP Rx/Tx timing errors in DL+UL positioning, and decide which of them should, or should not, be adapted in Rel-17 in this meeting. 

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 1
	OP 2
	OP 3
	OP 4
	OP5
	OP6
	

	CATT
	N
	N
	Y
	N
	N
	N
	The reason for our preferences are as follows:
· For DL+UL positioning, TRP Tx and Rx timing errors or timing error differences don’t need to be provided to LMF, and TRP Tx and Rx timing errors or timing error differences can be compensated directly by TRP when TRP reports gNB Rx-Tx time difference measurements.
· For mitigating TRP Rx/Tx timing errors in DL+UL positioning, considering the ehavior overhead and the fact that LMF can obtain the association information or timing errors/time error differences per RxTx TEG of TRP by combining corresponding information per Rx TEG and per Tx TEG of TRP, there is no need to introduce and provide the association information or timing errors/time error differences per RxTx TEG to LMF for TRP.

	ZTE
	Y
	Y
	Y
	N
	N
	N
	Same comments as proposal 3.3-1.

	Ericsson
	N
	N
	N
	N
	N
	N
	As we commented in our reply to Proposal 2-3, TRPs typically have only one antenna panel generally, and in particular in industrial setting. So we don’t see the need to specify TRP Rx/Tx TEGs.  So we don’t support any of the options.

	MTK
	N
	Y
	N
	N
	N
	Y (with condition)
	1, For option 6, we support TRP to provide RX+TX (round-trip) timing errors. Because the location server may derive TX timing difference and RX timing difference between TRPs through some computations

	QC
	N
	N
	N
	Y
	N
	Y
	To E//: TEGs are not only about antenna panels, and we are not only discussing industrial settings. TEGs can be related to freuqnecy timing errors (TEG performs measurements across multiple freuqnecies) on the same panel, or across time. A device ( UE or gNB) can avoid sending TEG information if there is no need, or send the same TEG ID If ehavi all measurements are within the same TEG. So, I don’t see any problem being forward compatible here and have a generic solution (for both Ues/gNBs) with which one can report similarities in GD across measurements of same/different panel, frequencies, times. See earlier comment on the UE Rx-Tx, why RxTX TEG is the approprirate metric here and not TxTEG or RxTEG. 

	Apple
	
	
	
	Y
	
	`
	Similar reason as given by P 3.3-1

	Nokia/NSB
	Y
	Y
	N
	Y
	N
	N
	

	LG
	Y
	Y
	Y
	N
	N
	N
	Same view as metioned in the above proposal 3.3-1

	Sony
	
	
	
	Y
	
	
	The same as comments in the proposal 3.3-1. It is still unclear the feasibility of the option 1,2,3.

	Samsung
	N
	N
	N
	Y
	N
	Y
	

	CEWiT
	
	
	Y
	Y
	
	
	

	Intel
	
	
	Y
	N
	N
	N
	

	FL:
	Y: 3
N: 5
	Y:4
N:4
	Y:5
N:5
	Y:6
N:6
	Y:0
N:9
	Y:3
N:6
	 



FL Comments
It looks we will need to have further discussion of Option 2, 3, and 4. For Option 1 and 6, suggest moving them to low priority., and remove Option 5, since no company supports it.  


Proposal 3.4-1a (H)
Further study the following additional options for mitigating TRP Rx/Tx timing errors in DL+UL positioning: 
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· FFS: the details of ehavior and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP 2
	OP3
	OP4
	

	CATT
	Y
	Y
	N
	We prefer to firstly discuss whether RxTx TEG is needed, before we discuss the options related to RxTx TEG.

	LG
	Y
	Y
	N
	

	vivo
	N
	Y
	N
	We can accept the combination of option 1 and option 2，or option 1 and (TRP providing the association information of PRS resources with Tx TEGs to the LMF) since the measurements ‘Rx-Tx time difference’ is decoupled from PRS transmission. 
In addition, the condition “if the TRP has multiple TEGs” needs to be added.

	Ericsson
	N (needs revision)
	N (needs revision)
	N
	Both Option 1 and Option 2 needs revision.  We can accept them if the following revisions are made

Option 1: Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF if the TRP supports more than one TRP Rx TEG

Option 2:
Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF if the TRP supports more than one TRP Tx TEG



	Nokia/NSB
	
	
	
	We are okay with the modified option 1 and 2 outlined by Ericsson above. 

	ZTE
	
	
	
	As the report at UE side and gNB side is quite similar, considering consistency, we suggest to focus on UE side reporting first(proposal 3.3-1 and 3.3-2) and come back to gNB side reporting. 




Proposal 3.4-1b
Further study the following additional options for mitigating TRP Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of ehavior and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.

	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP1
	OP6
	

	CATT
	Y
	N
	We prefer to firstly discuss whether RxTx TEG is needed, before we discuss the options related to RxTx TEG.

	LG
	Y
	N
	

	vivo
	Y
	N
	

	Ericsson
	N (needs revision)
	N
	Option 1 needs some revisions.  We could consider Option 1 ‘if the TRP has more than one TRP Rx TEG’
See suggested revision below:

· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF if the TRP has more than one TRP Rx TEG



	ZTE
	
	
	The same view as proposal 3.4-1a. 





Proposal 3.4-2
Study the following additional options for mitigating TRP Rx/Tx timing errors in DL+UL positioning: 
· Option 7: 
· Support a TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
· Option 8:
· Support a TRP to report the statistics (variance, uncertainty level) of the TRP RxTx TEGs to LMF
· Note: TRP round-trip group delay compensation should have been done before reporting.

Comments
	Company
	Support (Y)/Not Support(N)
	Additional comments

	
	OP7
	OP8
	

	MTK
	N
	Y
	

	Nokia/NSB
	Y
	N
	

	LG
	N
	N
	

	CATT
	N
	N
	We prefer to firstly discuss whether RxTx TEG is needed, before we discuss the options related to RxTx TEG.

	Samsung 
	N
	N
	

	FL
	Y:1
N: 4
	Y:1
N: 4
	



FL Comments
It seems not many companies are interested in these two options, and the number of companies that support them are much fewer than the number of companies that do not support them. Thus, suggest closing the discussion of Proposal 3.4-2.

[bookmark: _Toc69027118][bookmark: _Toc48211439][bookmark: _Toc54553016][bookmark: _Toc54552894][bookmark: _Toc62397283][bookmark: _Toc62397288]Reference devices for mitigating UE/gNB Tx/Rx timing errors
Background
The following agreement was made in RAN1#104e related to the use of a reference device with a known location to support the mitigating UE/gNB Tx/Rx timing errors:

	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the ehavior, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI



.
Submitted Proposals
· (Huawei R1-2102348) Proposal 8: Support to enable a reference UE to mitigate Rx/Tx timing error of gNB.
· (Huawei R1-2102348) Proposal 9: Support to reuse the LPP signaling to provide the location coordinate information of the reference UE and add a new location source to indicate where the information come from.
· (BUPT R1-2102364[2]) Proposal 1: A calibration UE with the known position is introduced to reduce the gNB timing error 
· (OPPO R1-2102399 [3]) Proposal 13: Implementation based approach (Approach 2) is supported for the positioning based on reference device(s) with known location.
· (vivo R1-2102526 [4])Proposal 13:	
· Support reference devices of two types: pre-deployed Ues, normal Ues.
· (vivo R1-2102526 [4])Proposal 14:	
· Specify the procedure for the LMF to determine the ‘reference Ues’ from normal Ues.
· e.g. including LMF requesting UE capability information and/or related location information, UE reporting capability information and/or related location information, etc.
· (vivo R1-2102526 [4])Proposal 15:	
· Support the ‘reference UE’ being controlled by the LMF for better assisting network calibration, e.g., including
· support the LMF to indicate the use of Rx TEGs or Tx TEGs of the ‘reference UE’
· support the LMF to indicate the mobility or the motion trajectory of the ‘reference UE’
· (vivo R1-2102526 [4])Proposal 16:	
· 	The location information of ‘reference UE’  can be provided to the gNB for angle error calibration by itself.
· (CATT R1-2102635[5])	Proposal 17: NR Rel-17 should support reporting the location coordinate information of reference UE from UE to LMF for mitigating the Rx/Tx timing error of UE/TRPs, with the double differential positioning method. 
· (CATT R1-2102635[5])	Proposal 18: NR Rel-17 should support reference UE and target UE using the same way of ehavior of DL/UL reference signal, and reporting the measurements for compensation the Rx/Tx timing error of target UE /TRPs, with Rel-16 DL/UL-TDOA / Multi-RTT positioning method.
· (CATT R1-2102635[5])	Proposal 19: NR Rel-17 should support reference UE reporting the value of Rx/Tx timing error difference between different TRPs to LMF for UE-assisted positioning or to target UE via LMF for UE-based positioning.
· (CMCC R1-2102886[8]) Proposal 1: Support the reference device with the known location being a UE.
· (CMCC R1-2102886[8]) Proposal 2: Support the reference device with the known location being a gNB.
· (CMCC R1-2102886[8]) Proposal 3: Support the reference device to report its identity and the location information via capability transfer ehavior.
· (CMCC R1-2102886[8]) Proposal 4: Support ehavior enhancements to allow the reference device using UE-based positioning to report the estimated timing errors.
· (Nokia R1-2103002[9])Proposal 3: RAN1 to specific support for enabling a selected device with known location to support configuration by the network for at least some positioning calibration measurements.
· (InterDigital  R1-2103005 [10]) Proposal 1: Specification impact of reference devices includes at least assistance information which contains at least reference device ID, locations of reference devices
· (InterDigital  R1-2103005 [10]) Proposal 2: Study positioning procedures to support differential positioning techniques
· (InterDigital  R1-2103005 [10]) Proposal 3: A reference device is classified as a UE
· (InterDigital  R1-2103005 [10]) Proposal 4: Do not support features to allow enlistment of reference device(s) during the initial phase of reference-based positioning standardization study/work
· (Intel R1-2103035[11])Proposal 1: 
· Support solution where reference device is a reference UE with known coordinates and a certain timing error margin specified for each TEG, if reference UE uses multiple TEGs for signals transmission and reception
· Note: the solution with a reference UE may benefit from reusing of the UL SRS and DL PRS structure, already defined in the specification
· (Intel R1-2103035[11])Proposal 2:
· Specify reporting format of reference device coordinates from a reference device to LMF/gNB
· (Intel R1-2103035[11])Proposal 3:
· Specify reporting format of reference device timing error margin per TEG (if it uses multiple TEGs for transmission and reception) from a reference UE to LMF/gNB
· (Qualcomm R1-2103170[13])Proposal 3: Support a device to be used as a “Reference Location Device (RLD)” for the purpose of enabling improved positioning accuracy by timing error and angular error mitigation. 
· Up to RAN2 to continue the specification work (and how/if to enable a UE/gNB to be a RLD).
· (Samsung R1-2103243[14])Proposal 1: 
· At least calibration based on a known  location is supported for UE and gNB. 
· The derived timing error can be compensated at TRP, or UE, or LMF. 
· (Sony R1-2103306[15])	Proposal 1: Support to use reference UE for UE and gNB RX/TX timing delays mitigation.
· (Sony R1-2103306[15])	Proposal 2: Define a mechanism to enable any Ues become a reference UE (Reference UE Identification).
· (Sony R1-2103306[15])	Proposal 3: Support to study the signaling and mechanism to enable and disable the reference Ues, including providing the reference UE requirement information. 
· (Sony R1-2103306[15])	Proposal 4. Support reference UE to report the estimated gNB Tx timing error to the LS when using DL-based positioning method. 
· (Sony R1-2103306[15])	Proposal 5. Support reference UE to report the UE Tx timing error and optionally, the estimated UE location to the gNB.
· (Lenovo R1-2103372[16])Proposal 1: Existing capability and assistance data transfer messages can be used to configure the reference device. Additional reference device capability information is needed and RAN2 to confirm the impacts (if any) of configuring and scheduling a reference device.
· (Lenovo R1-2103372[16])Proposal 2: RAN1 to support Ues and TRPs as reference devices.
· (Lenovo R1-2103372[16])Proposal 3: Reference UE can report its location estimate information using existing LPP ehavior methods.
· (Lenovo R1-2103372[16])Proposal 4: Reference UE can include positioning QoS information as part of its location estimate report to determine the quality of the location estimate.
· (MediaTek R1-2103600[18])Proposal 4a-5: For reference device approach, the pre-configured reference device is considered in Rel-17, and the dynamic reference device could be studied in the future
· (MediaTek R1-2103600[18])Proposal 4a-6: For reference device approach, we consider UE as the reference device, because there is flexibility to allocate the position within a cell. IAB-MT also behaves like a UE, which is also suitable as reference device
· (MediaTek R1-2103600[18])Proposal 4a-7: For reference device approach, since the reference Ues within a cell have the known positions in a priori during cell deployment, the gNB may report the positions, and the corresponding IDs which can identify the reference Ues to the location server through higher layer signaling
· (MediaTek R1-2103600[18])Proposal 4a-8: For reference device approach, the reference Ues may just follow same reporting format as the normal Ues for positioning.
· (Fraunhofer R1-2103681[20])Proposal 3: 
· Support the reference device being a UE with known location 
· Do not support reference device specific ehavior and measurements of the Rx and Tx timing delays
· (CEWiT R1-2103682[21])Proposal 4: Reference node for timing error estimation can be UE or gNB/TRP whose location is precisely known. Candidate node should share capability of being reference node for timing error calibration with LMF including precise position.  
· (CEWiT R1-2103682[21])Proposal 5: For UE as reference node,
· In case of UE assisted positioning, UE can be configured with existing positioning method for timing error calibration. There is no specification impact.
· In case of UE based positioning, LMF need to convey the timing error to UE to mitigate the timing error from positioning estimation.
· (CEWiT R1-2103682[21])Proposal 6: For gNB configured as reference node, gNB should be capable of receiving PRS signal and should report the performed measurement to the LMF. 
· (Ericsson R1-2103771[22])Proposal 20	No reference device should be specified in Rel. 17.

FL Comments
Based on the feedback, majority companies supports enabling a UE as a reference device for mitigating Rx/Tx timing errors ((1), [2], [3].[4], [5], [8], [9], [10], [13], [14], [15], [16], [18], [20], [21], [22]). A few companies als supports enabling a gNB as a reference device for mitigating Rx/Tx timing errors ([8].[11],[14],[16],[21]), and one company also proposes a IAB-MT as a reference device [17].
For the impact on the specification, majority companies (([1],[4],[5],[8],[9],[10],[13],[14],[15],[16],[17],[18],[21]) consider there are specification impact. More specifically,  
· ehavior the report of device information (e.g., ID and location coordinate, etc.) to the LMF ([1], [5], [8], [10]. [11],[16],[18]), 
· specify the procedure for the LMF to determine the ‘reference Ues’ from normal Ues [4]
· enable/disable a UE as the ‘reference UE’ [5]
· the report of additional measurement information from reference UE to support the calibration (e.g., estimated Rx/Tx timing errors ([5],[8].[[10],15])
· the report of UE location coordinate information to the gNB ([4], [11]
· the report of additional measurement information from reference gNB to LMF [21]
· up to RAN2 to continue the specification work [13]

In addition, some companies consider whether to support being a reference UE can be a UE capability([4],[8],[16],[21]). 


Proposal 4-1
· Rel-17 should support enabling a device with a known location to be a reference device to mitigate the UE/gNB Rx/Tx timing errors.
· The reference device can be a UE that is preconfigured as a reference device
· A normal UE can be dynamically enabled/configured as a reference device, which is subject to the UE’s capability
· FFS: a TRP can be enabled as a reference device

· A reference device UE should support
· measuring DL PRS and report associated existing positioning measurements (e.g., RSTD, Rx-Tx time difference, and RSRP) to the LMF
· reporting its location coordinate information and, optionally, the precision of the location to the LMF
· transmitting SRS for positioning if configured by the gNB
· In this case, the TRPs can be enabled by the LMF to measure and report existing positioning measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF

· The details of the ehavior, the measurements, the parameters for supporting a device with a known location to be a reference device will be defined by RAN2;

· RAN2/RAN3 should be informed on RAN1 conclusion/agreement if necessary. 


Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	The relationship between the following two bullets is not clear, and thus we suggest to clarify it first.
· The reference device can be a UE that is preconfigured as a reference device
· A normal UE can be dynamically enabled/configured as a reference device, which is subject to the UE’s capability

One comment regarding SRS is that the SRS is supposedly interpreted as SRS for positioning purpose, including MIMO SRS for positioning, which is already supported in Rel-16 for UL-only methods.

	ZTE
	We think whether TRP or UE being a reference device needs to be discussed separately, this proposal should only focus on UE being a reference device. So we suggest to change the first bullet like this:
· Rel-17 should support enabling a UE as a reference device.
·  The UE can be preconfigured as a reference device
· A normal UE can be dynamically enabled/configured as a reference device, which is subject to the UE’s capability


	OPPO
	More discussion is needed.  Implementation-based solution can also support the similar feature.
Moreover, we don’t think a normal UE can be dynamically enabled/configured as a reference device. If a normal UE know its location, why does it need to do positioning based on NR? 

	Ericsson
	Do not support.  Enabling/disabling of reference UE device is not in the domain of RAN1.  This is up to higher layers.  So we suggest not to discuss this proposal in RAN1, and encourage the proponents to bring this discussion to the appropriate working group.

The spec impact according to bullet 3 is in RAN2.  Seems this proposal needs to be discussed in RAN2 instead.

	MTK
	1, we don’t consider using “should” with “Rel-17 should support enabling a device”. Using “may” is okay
2, we consider the case of dynamically selecting UE as reference UE for further study in Rel-18
3, Reference device is not the only solution to mitigate timing error
4, We don’t support this   “reporting its location coordinate information and, optionally, the precision of the location to the LMF”. The reference UE position should be reported by gNB to location server during cell deployment


	InterDigital
	We support the principle of the study. However we agree with Mediatek that dynamic selection of Ues as reference devices should be studied in the future release as even for pre-configured reference devices, there are elements that need to be studied, e.g., reference UE ehavior, contents of measurement reports. 

We suggest to complete the study for the preconfigured reference devices first then study dynamic selection/appointment of reference devices in Rel. 18.

	CMCC
	Support

	Qualcomm
	We support having reference devices, but there is no need to restrict it to Ues. We can just say, reference devices with known locations. Whether it is a UE or gNB it is just an architecture option. Suggest to try to reduce the “wording” to try to build consensus, and then send it to RAN2/RAN3 for further progress. 

	Vivo
	Support in principle.

	Apple
	Support the intention

	Nokia/NSB
	Support. 

	LG
	Support. 
To OPPO, in our understating, the original intention of “A normal UE can be dynamically enabled” is that normal UE can be a reference UE under some predefined rules or conditions. It dosen’t indicate “the location must be known for LMF”, it is open to UE who tends to very rarely move. That is, it intends to indicate that there is no reason to limit the reference UE and the reference UE can change dynamically depending on their condition such as mobility if our ehaviorng is right. 

For the second main bullet, we think that “should” needs to be modified since the details elements of reporting have not been yet discussed in detail. In addition, regarding “reporting its location coordinate information and, optionally, the precision of the location to the LMF”, we cannot agree with it. We think that it does not seem to need when LMF supervises reference Ues because LMF calculates the location and store it by itself.

	Lenovo,Motorola Mobility
	Support FL’s, although we are also of the view that a reference device may also include a TRP. For reference devices that are Ues, it may occur that the placement (known location) may be change, e.g. within a factory setting and therefore a reference device UE should update the LMF with the its new known location and associated precision of the this new known location information.  

	Sony
	Support

	Samsung
	We are generally supportive of the proposal in principle. For the first half of the proposal, using a UE capability appears to be the normal framework to support such a device, thus we don’t think pre-configuration is needed.  More study is needed.


	CEWiT
	Support the proposal. 

	Intel
	Generally, we are OK. Propose to add reference device antenna orientation can be reported.




FL Comments
Based on the feedback, the majority companies are supportive to support enabling a UE with a known location to be a reference device for enhancing the positioning performance (e.g., mitigating the Rx/Tx timing errors). However, there are different views on how to enable the UE to be a reference device, should the issue be handled in RAN1 or other WGs etc. In my view, it should be better for RAN1 to make the decide for the support of enabling a UE/TRP to be the reference device and let RAN2/RAN3 to handle when and how to enable it. Also, consider the impact of enabling the reference device has the impact not only on mitigating UE/TRP Rx/Tx timing errors, but helpful for other positioning approaches (e.g., UL AOA and DL-AOD calibration), the proposal is revised as follows:


Proposal 4-1 (Revision 1)
· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning. The device can at least be a UE;
· FFS: whether a TRP can be enabled as a reference device
· Note 1: The device should at least support Rel-16 UE positioning functionalities (e.g., measure and report UE Rx-Tx time difference). The device should also support reporting its location coordinate information to the LMF when requested by the LMF;
· Note 2: The impact on the specification, including the ehavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3;
· Note 3: Whether a UE can work as a reference UE is subject to the UE’s capability.
· Send a LS to RAN2/RAN3 once RAN1 reaches the agreement for above proposal.

Comments
	Company
	Comments 

	CATT
	Support.

	Huawei/HiSilicon
	Not sure why “measure and report UE Rx-Tx time difference” is listed here. We assume that the reference device can also transmit SRS, measure and report DL RSTD, right? We suggest to delete the example.
· Note 1: The device should at least support Rel-16 UE positioning functionalities. The device should also support reporting its location coordinate information to the LMF when requested by the LMF;


	FL
	To Huawei’s comments, it should be fine to removing “(e.g., measure and report UE Rx-Tx time difference”. 

	Vivo
	Support

	LG
	We are generally okay with the proposal. However, for supporting location coordinate information in second main bullet, we cannot support it. Even though there is the case that LMF doesn’t know the location of reference UE, LMF can eventually know the location after measurement request for the UE and measurement result from the UE. We cannot understand that LMF request UE to report its location information directly.
Furthermore, even though the reference UE reports their estimated location via RAT-independent techniques, it does not guarantee the accuracy for the measured location.

	Nokia/NSB
	Support the proposal.

	Qualcomm
	Thank you for the revised proposal. We are generally supportive of the direction, but still we think that we should go one step at a time in the following sense:
· Whether a device should be a UE, MT, IAB-MT, TRP, gNB, etc, should be decided in RAN2/RAN3 after the architecture options are considered and evaluated. In RAN1 makes sense to inform RAN2/RAN3 that we want the functionality of  If we say a “UE” here, it may mean that we specifically say that a device with subscription is really needed to do reference measurements, which we do not think it is true. We do think that these aspects can be considered in RAN2/RAn3. 
· Note 1 comment is confusing and will not help RAN2/RAn3 to continue the work. What do we mean by Rel-16 UE positioning functionalities? All of the functionalities? Which functionalities? How will RAN2/3 use this “should information”? 
· Same comment with LG that it is not always necessary that a reference device reports its location: A device can do UE-A Location at a first instance, and then LMF asks from the device to report measurements for the purpose of calibration of other devices.
· All new features will have capabilities, otherwise how will LMF know that this device supports this feature? Strictly speaking Note 3 is not needed, but OK, we are fine to keep it, but for consistency we can call it a device for now. 

· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning. The device can at least be a UE;
· FFS: whether a TRP can be enabled as a reference device
· Note 1: The device should at least support Rel-16 UE positioning functionalities (e.g., measure and report UE Rx-Tx time difference). The device should also support reporting its location coordinate information to the LMF when requested by the LMF;
· Note 2: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3;
· Note 3: Whether a device can work as a reference device is subject to its capability.
· Send a LS to RAN2/RAN3 once RAN1 reaches the agreement for above proposal.


	OPPO
	We still prefer spec-transparent solution for reference devices. Regarding to the proposal, I have a question for clarification: what’s the related work in RAN1? It seems all the work is in RAN2/RAN3 by reading the proposal. If so, we should leave it to RAN2/RAN3 for decision.

	FL
	For LG and Qualcomm’s comment about reporting location coordinate to LMF from reference device, my thinking is that there are cases that LMF may not have the information on the reference device, and also may not be able to determine the location of the reference device. Since the precondition for a device to be a reference device is that the location of the device is known, thus it seems to be reasonable for LMF to request the device’s location if the device claims to have the capability to be a reference device. Should it work if we say:

“The device may be request by LMF to report its location coordinate information to the LMF”?

About Qualcomm’s comments on “The device should at least support Rel-16 UE positioning functionalities”. My original thinking is that since we are discussing the use of TRP to be a reference device, then the TRP should be able to measure the reference signals from TRP (that is why I have the “e.g., measure and reports…” in the proposal. Obviously, if the device is a UE, it already supports the UE’s positioning functionality. Although we assume RAN2/RAN3 will take care of the impact on the specification, it is better for RAN1 to let RAN2/RAN3 know what kinds of functionalities that we should expect from the reference device. 

For OPPO’s comments: The issue here is that spec-transparent solution for reference devices may not necessarily be able to support the feature of mitigating UE/TRP Rx/Tx  timing errors and improving UL AOA and DL AOD that we are discussing now.

How about we revise the proposal as follows:

· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning. The device can at least be a UE;
· FFS: whether a TRP can be enabled as a reference device
· Note 1: The device should at least support some of the Rel-16 UE positioning functionalities. The device should also support reporting its location coordinate information to the LMF when requested by the LMF. may be requested by the LMF  its location coordinate information to the LMF;
· Note 2: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3;
· Note 3: Whether a device can work as a reference device is subject to its capability.
· Send a LS to RAN2/RAN3 once RAN1 reaches the agreement for above proposal.


	Lenovo,Motorola Mobility
	Generally support FL’s proposal. Major agreements regarding the support of reference devices are under RAN2/RAN3 scope. In the first bullet we are listing all supported positioning methods and in line with that, suggest rewording “DL+UL Positioning” to “Multi-RTT”. On Note:1 suggest the following rewording:
Note 1: The device should at least support some of the Rel-16 UE positioning functionalities. The device should also support reporting its location coordinate information to the LMF when requested by the LMF. may be requested by the LMF  to at least provide its own known location coordinate information to the LMF;

	Huawei/HiSilicon
	We are OK with the wording suggestion by FL and LenMotoM, but we suggest to also add SA2. The reasons are that
· For the UE being the reference device, currently any LCS procedure should have a trigger, e.g. MO-LR, MT-LR, NI-LR, which delivers the UE identity to the LMF. There may be some mechanism to start the LCS procedure and provide the UE identity to the LMF.
· The whole procedure should target serving calibration purposes rather than acquiring the UE location.
· SA2 may complete the procedure by further consulting with the CT groups if necessary.

	CEWiT
	Regarding Note 1, when we say “some of  the Rel-16 UE positioning functionalities”  are we going to pick few functionalities to be supported? Or it will be the capability of the reference device. If it is capability then reference node need to convey it to LMF. Going ahead this need to be clarified.  Otherwise we support FL’s modified proposal.

	FL
	For Lenovo’s comments: The suggested changes looks good to me;
For Huawei’s suggestion to add SA2: I share the similar view that SA2 should be added for the reasons mentioned by Huawei. 
For CEWiT’s comments: I was thiking it will be up to RAN2/RAN3 to decide “the Rel-16 UE positioning functionalities”. I assume the basic functionalities are: provide positioning measurements and transmit the UL SRS signals. But, it can be decided by RAN2. 

How about we revise the proposal as follows:

· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning. The device can at least be a UE;
· FFS: whether a TRP can be enabled as a reference device
· Note 1: The device should at least support some of the Rel-16 UE positioning functionalities will be defined by RAN2, which may include, but not limited to, the following:
· Provide positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences);
· Transmit UL SRS signals.
· Note 2: The device should also support reporting its location coordinate information to the LMF when requested by the LMF. may be requested by the LMF to at least to provide its own known location coordinate information to the LMF;
· Note 2: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
· Note 3: Whether a device can work as a reference device is subject to its capability.
· Send a LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for above proposal.





	
	




Proposal 4-1 (Revision 2) (H)
· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
· Note 1: The device should at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· Note 2: The device may be requested by the LMF to at least to provide its own known location coordinate information to the LMF;
· Note 2: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
· Note 3: Whether a device can work as a reference device is subject to its capability.
· Send a LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for above proposal.

Comments
	Company
	Comments 

	SONY
	Support

	vivo
	Support

	CATT
	Support.

	ZTE
	Support in general. We think in note 3, it is not necessary for reference device to have new UE capability. So we suggest to change note 3 like this: 
· Note 3: Whether a device can work as a reference device is subject to its capability. This doesn't mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.


	Intel
	Propose to add reporing of reference device antenna orientation to LMF.

	Huawei, HiSilicon
	Support.

	Ericsson
	Not Support.  The revised proposal is not acceptable to Ericsson.  As discussed previously, we do not see the need to specify a solution which could also be realised without specification impact. Further, we echo OPPO’s concern regarding the specification impact in RAN1.  Since the main specification impact is in RAN2/RAN3, the discussion and decision should be taken by RAN2 or RAN3.  Finally, we are not ok with a very vague agreement where the reference device can be anything (UE, MT, IAB-MT, TRP, gNB, etc.).

	[bookmark: _Hlk69374461]Qualcomm
	Support. OK with the clarification of ZTE, even though again a bit too early. 

To E//: We are NOT agreeing that the reference device will be anything. We are saying that RAN2/RAN3 shall make the decision. What about add one more disclaimer/note (Note 4)? We also showed to E// in both our RAN1 and RAN2 paper that there IS specification impact; maybe not in RAN1, but still in the RAN2/RAN3 domain. The principle agreement should be made in RAN1, as the main WG and delegate the work to other WGs. 


· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
· Note 1: The device should at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· Note 2: The device may be requested by the LMF to at least to provide its own known location coordinate information to the LMF;
· Note 3: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
· Note 3: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
· Note 4: Up to RAN2/RAN3 discussions what type(s) of devices can be reference devices.
· Send a LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for above proposal.


	Nokia/NSB
	Support the latest version from QC. We suggest this proposal be brought online and is a priority for online discussion. 

	FL
	For Intel’s suggestion, I assume there is no need to include the antenna orientation in the  precondition for enabling a device to be a reference device. If we agree to support “Support enabling a device with known location to be a reference device”, then it is obvious that the device can be enabled as a reference device if antenna orientation information is also known. 

If the consideration is that the antenna orientation information is useful for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning, then my suggestion is to add a note, saying that “If the antenna orientation information of the device is known, the information may also be requested by the LMF” as follows:




Proposal 4-1 (Revision 3) 
· Support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
· Note 1: The device should at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· Note 2: The device may be requested by the LMF to at least to provide its own known location coordinate information to the LMF. . If the antenna orientation information of the device is known, the information may also be requested by the LMF.;
· Note 3: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
· Note 4: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
· Note 5: Up to RAN2/RAN3 discussions what type(s) of devices can be reference devices.
· Send a LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for above proposal.

Comments
	Company
	Comments 

	CATT
	Support. In our point of view, now the topics of reference devices from all the three sub-agendas in 8.5 had been merged into this proposal, we prefer the group can accept this proposal to promote the shceme of reference device.

	ZTE
	As major companies agreed, we think note 3 should clarify that this doesn't mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
· Note 3: Whether a device can work as a reference device is subject to its capability. This doesn't mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.


	FL
	For ZTE’s comment, at this moment it is unclear on us whether it needs new UE capabilities. My suggestion is to take the comments from Alex:

Note 3: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.

	vivo
	Support

	FL
	During the email discussion, the Proposal 4-1 is revised as follows for further comments.

1. From RAN1’s perspective, it is beneficial for Rel-17 to support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
1. Note 1: The reference device is defined here as a device that can at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
155. Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
155. Transmit the UL SRS signals for positioning
1. Note 2: The device may be requested by the LMF to at least provide its own known location coordinate information to the LMF. If the antenna orientation information of the device is known, the information may also be requested by the LMF.;
1. Note 3: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
1. Note 4: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
1. Note 5: Up to RAN2/RAN3 discussions what type(s) of devices can be reference devices.
1. Send an LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for the above proposal.





Proposal 4-1 (Revision 4)

1. From RAN1’s perspective, it is beneficial for Rel-17 to support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
1. Note 1: The reference device is defined here as a device that can at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
162. Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
162. Transmit the UL SRS signals for positioning
1. Note 2: The device may be requested by the LMF to at least provide its own known location coordinate information to the LMF. If the antenna orientation information of the device is known, the information may also be requested by the LMF.;
1. Note 3: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
1. Note 4: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
1. Note 5: Up to RAN2/RAN3 discussions what type(s) of devices can be reference devices.
1. Send an LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for the above proposal.

Comments
	Company
	Comments 

	Intel 
	Support. 

	Nokia/NSB
	Support. 

	CATT
	Support.

	Apple
	In note 1, reference device is indicated as UE, while in the whole context it should be UE or TRP. In note 4, why don’t we have a new UE capability explicitly indicating whther a UE is capable to be a reference device? 






[bookmark: _Toc69027119]Measurement enhancements for mitigating UE/gNB Tx/Rx timing errors
Background
The following agreement was made in RAN1#104e related to the measurement enhancements for mitigating UE/gNB Tx/Rx timing errors:
	Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of ehavior, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.




FL Comments
In RAN1#104e, it was agreed that a UE/TRP will support reporting one or more measurement instances in a single measurement report, and each measurement instance is reported with its own timestamp. Many companies have presented their views on the report of one or more measurement instances in a single measurement report, especially on the FFSs in above agreement, which are summzried as follows: 
· About the timestamp for a measurement instance:
· Specifying the time stamp selection for each measurement instance and scattering the measurement instances throughout the measurement time [1]
· enable the UE to report PRS measurements derived from the most recent measurement instances in advance of a certain time before the measurement report, which is related to PRS processing capability [4]
· the time stamp of the measurement instance corresponds to one time instance between the first and the last DL-PRS resource set (or SRS-Pos resource set) contained by the measurement instance, or corresponds to one time instance between the first and the last contained by the measurement instance [5]
· the time stamp is a time window indicated by a starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and an ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance [6]
· About the measurement time window for the measurement instances:
· Measurement time windows should be configurable [5]
· UE and TRP measurement time windows should be configurable independently [5] 
· UE or TRP is not expected to report the measurement instances outside of the measurement time window [5]
· Support a “Location Time or Time-domain Window” configuration to both UE and gNBs that defines the time at which the measurements are to be obtained[13]
· Define UE behavior when a limited number (or none) PRS instance appears within a configured time-domain window[13]
· Measurement time window should be based on (N,T) DL-PRS processing UE capability [16]
· Ensuring same Rx/Tx TEGs at both UE and TRP within the measurement time window [19]
· It shall be possible to configure the measurement window for a measurement instance to be so short that there is no risk for the associated delay group(s) to change during the measurement window[22]
· About each UE measurement instance can be configured with N instances of the DL-PRS Resource Set, 
· “the number of DL-PRS Resources Set instances related to each UE measurement instance’ and ‘the number of PRS samples for RSTD/Rx-Tx time difference/PRS-RSRP measurements’ defined by RAN4 should be clarified [4]
· N=[1,…,256] ([5]))
· Consider at least the following alternatives: configured by LMF per DL PRS resource set.; configured by LMF per TRP; configured by LMF per positioning frequency layer; and  configured by LMF per measurement report [6]
· Support LMF requesting the UE or gNB to perform measurements on specific PRS/SRS resources across multiple time-domain instances [13]
· About each TRP measurement instance can be configured with M SRS measurement time occasions
· M=[1, …, 256] ([5])
· Support LMF requesting the UE or gNB to perform measurements on specific PRS/SRS resources across multiple time-domain instances [13]
· About the details of ehavior, procedures, there are different proposals, e.g., 
· Potential extension of LPP to support a larger number than 4  measurement instances in a single measurement report from UE[3]
· No enhancement is needed for the current NRPPa signaling to support ehavior  measurement instances in a single measurement report from gNB [3]
· Enhancement on the association of measurement instances to support the feature that TRP reports one or more measurement instances with different quantities in a single measurement report [3]
· The measurement time windows are configured with the parameters of the start time, the periodicity, the number of measurement instances, and the number of instances of PRS/SRS resource sets; or the start time, the periodicity, and the length of the window [5]
· The UE or the TRP can be configured to report one or more measurement instances in a single measurement report to the LMF[4]
· Support reporting the parameters related to gNB Rx/Tx timing errors from gNB to LMF for UE-assisted positioning (or from gNB/LMF to UE for UE-based positioning) [5]
· Further discuss the association between measurement instances and UE measurement report, at least consider one of the following options: multiple measurement instances are associated with the indicated DL PRS resource or the indicated DL PRS resource set; multiple measurement instances are associated with the indicated measurement element; multiple measurement instances are associated with the indicated positioning method; or multiple measurement instances are directly associated with a measurement report [6]
· At least for UE-assisted method, UE may be indicated by LMF to perform measurements corresponding to both DL-TDOA and DL-AoD positioning techniques; The measurements at least include DL-RSTD together with DL-PRS-RSRP over a set of (TRPs, antenna panels, PRS configurations, etc) [12]
· Support UE group indication reporting of DL-PRS resources associated to a measurement instance group (can include one or more measurement instances) for easier management of multiple time stamp reporting within a single measurement report[16]
· For timing measurement with different Rx/Tx TEGs, following parameter for measurement report and/or assumption for measurement can be specified: TEG ID or value (e.g. timing margin or offset) in measurement report [19]
· The TEG association is reported independently for each measurement instance in a measurement report.[22]
· About the additional enhancement related to measurement reporting of multi-paths and quality metric:
· The existing UE timing quality indication can be extended to indicate the quality of timing-based measurement instances [16]
· About the UE capability 
· Support to enable the UE to report PRS measurements derived from the most recent measurement instances in advance of a certain time before the measurement report. The certain time before the measurement report is related to PRS processing capability.[4]
· Measurement time window should be based on (N,T) DL-PRS processing UE capability [16]
· The measurements at least include DL-RSTD together with DL-PRS-RSRP over a set of (TRPs, antenna panels, PRS configurations, etc). Additional UE capabilities may be needed  [12];

Based on the proposals from the interested companies, it is suggested to further discuss: a) whether to introduce the measurement time window for the measurement instance; b) how the timestamp is defined for each measurement instance, and c) the number of instances of the DL-PRS/UL-SRS Resource Set for a UE/TRP measurement instance. Once we reach the consensus on these issues, we will then work on more details related to the signalling, procedures, UE capability, etc.

Proposal 5-1
· The timestamp for a measurement instance is defined by one of the following options:
· Option 1: 
· The timestamp of a measurement instance is within a time selection that is configured (or defined) for the measurement instance; 
· Option 2: 
· The timestamp of the measurement instance corresponds to a time between the reception time of the first and the last DL-PRS resource set(s) (or SRS-Pos resource set(s)) that are used to determining the measurement instance.

Comments
	Company
	Comments 

	CATT
	Support. Moreover, we prefer to select Option 2.

	Huawei/HiSilicon
	Are we addressing how UE/gNB should set the timestamp value in the measurement reporting?

For Option 2, why do we need the time stamp for the first PRS resource?

One general comment is also about the use of SRS-Pos resource.

	Vivo
	In general, we think each RSTD value has its timestamp (nr-TimeStamp-r16), but the connection between the current RSTD value and measurement instance is unclear. So, it is too early for us to list the option for the timestamp. For us, if the current RSTD value is for one measurement instance, how to support reporting one or more measurement instances in a measurement report should be discussed since there is no definition of measurement instance in the current spec. Otherwise, if the current RSTD value is for one or more measurement instances, how to guarantee each measurement instance has its timestamp should be clarified.

	Lenovo,Motorola Mobility
	Needs further discussion on the time granularity of each measurement instance(s), although we support that the minimum measurement instance that should be at least timestamped should be a single measurement instance and whether one or more measurement instances to be timestamped corresponding to a measurement instance group should be configurable by the LMF.  

	Qualcomm
	Not sure I follow this proposal. I thought a device will still report a timestamp for each measurement, as in NR Rel-16, and then we ll just have a measurement window, and the UE/gNB should attempt to focus on prioritizing reporting of measurements within that window. We don’t have to say that the timestamp shall be ONLY within that window; maybe a UE/gNB will want to send more measurements out. A UE/gNB should get an indication of when the measurements should happen, and should try (e.g. prioritize) the processing of those PRS/SRS instances and report accordingly. It seems that I am describing a procedure that is closer to Option 1, but Option 1 seems to exclude that a device can still report measurements outside the window. 


	Ericsson
	Some further study is needed here. We need to look at the structure of the measurement reports, that include multiple measurement types, measurements based on different PRS resources and of measurements of additional paths. On what level should the timestamp be given?
The two options don’t seem optimal since the UE ehavior is not well defined, leaving it up to the UE to decide a time within a specified time period.

	CATT-2
	We think this proposal is trying to limit the value range of timestamp of the measurement instance. For Option 2, it just limit the value of timestamp of measurement instance should be one time instance between the receive time of the first PRS resource and the receive time of the last PRS resource. Therefore, we believe this limitation is reasonable for the timestamp of the measurement instance.

	ZTE
	Before we discuss this issue, we should further clarify the understanding of measurement instance,
· A measurement instance is only associated with one DL PRS resource set? 
· A measurement instance is only associated with DL PRS resource sets from the same TRP? 
· A measurement instance is only associated with DL PRS resource sets  from the same positioning frequency layer?
· A measurement instance is associated with DL PRS resource sets across all  positioning frequency layers?
 In our understanding, in Rel-16, different DL PRS resource sets can be configured with different periodicities. The definition of measurement instance will of course impacts the duration of  a measurement instance.






Proposal 5-2
· One of the following options are adopted related to the measurement time window for a measurement report:
· Option 1: 
· A measurement time window is configured (or defined) for the time at which the measurements are to be obtained
· FFS:  whether the measurement time windows can be configurable for both UE and TRP independently  and the details of the configuration parameters
· FFS: whether the measurement time window is defined based on (N,T) DL-PRS processing UE capability
· FFS: UE behavior within a configured time window (e.g., same Rx/Tx TEGs at both UE and TRP within the measurement time window)
· Option 2: 
· No measurement time window is defined or configured for the measurement instances

Comments
	Company
	Comments 

	CATT
	Support. Moreover, we prefer to select Option 1.

	Huawei/HiSilicon
	Is the time window like SMTC for SSB based RRM?

It is not clear why this has to be associated with the feature of single measurement report containing multiple measurement instances.

	ZTE
	We prefer option 2

	OPPO
	The motivation/benefit for a measurement time window is not clear.

	Vivo
	It is unclear for us to introduce the measurement window, could proponents list the reason and benefit for it?

	LG
	Support.

	Lenovo,Motorola Mobility
	Our understanding of the measurement time window concept is to encapsulate how many measurement instances are to be measured, timestamped and then reported. A time window can capture a group of measurement instances (≥1 measurement instance), e.g.  the LMF may configure one or more measurement instance groups of DL-PRS resources to be reported in a single measurement report. Open to consider Option 1 or related grouping of measurement instances to be timestamped.

	Samsung 
	Option 2.

	Qualcomm
	Option 1. 

We think it is useful for a device (UE/gNB) to know when to measure and what to report. It will help with alignment of measurements, and time-drift estimation. Having such a configured measurement window would be very useful for this subagenda (but also related to other subagendas, like the scheduling in advance feature). In either case, we should have a generic indication/signaling from LMF towards devices (UE/gNB) that point to which time windows should be prioritized for measurement. 


	CATT-2
	Support Option 1 as our previous comments.
We prefer to define and configure the measurement time window for both UE and TRP.
In our point of view, the measurement time window can help LMF to eliminate the influence of timing errors of TRPs and UE. We think the motivations/purposes for introducing measurement time window as follows:
· Limit the measurement ehavior of UE or TRP, and only DL-PRS/ SRS-Pos resources within the measurement time window will be measured.
· Limit the measurement time of each measurement instance, and support the measurement instance which only corresponds to one DL-PRS/SRS-Pos occasion for one-shot measurement.
· Facilitate the timestamps matching among various measurement instances, e.g., among UE Rx-Tx time difference measurement instances and gNB Rx-Tx time difference measurement instances for multi-RTT positioning method.
· Indicate whether the measurement instances are measured within the same measurement time window.
· Help LMF to track and mitigate the timing error drift over time.

	Huawei/HiSilicon
	Given the understanding provided by QC and CATT, I am afraind we cannot accept it. The reason below:
· The duration of UE measurement of a positioning frequency layer is determined already by RAN4, e.g. PRS periodicity x 4 samples. 
· The time QoS request from LMF for UE to report is given by time in the CommonIE-RequestLocationInformation. Of course UE can choose early reporting, but the timing relation should be that the time for the report is supposedly close to the time the measurement is obtained. In other words, it will be weird for the LMF to request the measurement in a window [T : T+2s], while the reporting is requested at T+3s.
· We consider there may be multiple interpretation, e.g. the FFS that mentions the association with (N,T) capability.



Proposal 5-3
· Each UE measurement instance can be configured by LMF with N instances of the DL-PRS Resource Set, where 
· Option 1: N=[1,2, 4, 8,…,256]
· Option 2: N is decided by RAN4
· Each TRP measurement instance can be configured by LMF with M instances of the UL-SRS Resource Set, where 
· Option 1: M=[1,2, 4, 8,…,256]
· Option 2: M is decided by RAN4

Comments
	Company
	Comments 

	CATT
	Support. Moreover, we prefer to select Option 1. About the range of candidate values for N or M, the minimum value of DL-PRS periodicity is 4ms, if the maximum value of N is set to 256, the UE measurement time window with the length of at least 1024ms can be supported. Such a length of at least 1024ms should be enough for one UE measurement window. The maximum value of M can be set to be the same as Ni in order to align the maximum values among them.

	Huawei/HiSilicon
	We think that it is too early to define M/N; for example, we need to at least deal with different PRS periodicity first.

Note that muting will compromise this feature.

	CMCC
	It seems that we should first discuss which factors and to what extent these factors may impact the configuration of the values of N and M, and then decide whether it can be up to RAN4, or define some particular candidate values.

	LG
	We haver same view with Huawei.

	Qualcomm
	It is a bit early, but still it may be useful to agree that we can have single-sample measurements within the measurement window. With regards to the maximum, this can be discussed in UE capabilities much later. 

	CATT-2
	We can accept the viewpoints for the majority of companies, maybe we can discuss the necessity of measuring time window first, and then discuss the specific parameter configuration of measuring time window.

	ZTE
	We can come back later when we clearly understand the intention and definition of measurement instance.



[bookmark: _Toc69027123][bookmark: _Toc62397289]

Additional proposals
[bookmark: _Toc69027125][bookmark: _Toc62397292]Antenna array phase center offset
Submitted Proposals
· (Huawei R1-2102348) Proposal 1: 
· The enhancement to mitigate UE/TRP Rx/Tx timing error should deprioritize particular enhancements towards the UE phase centre offset on different beams, which also creates ARP drift.
· (Nokia R1-2103002[9])Proposal 1: UE to include reporting of gNB specific SRS-Pos TOD offsets to gNB/LMF for post-compensation of direction specific UE antenna phase center offsets thereby enhancing the positioning accuracy.
· (Nokia R1-2103002[9])Proposal 2: UE to signal to gNB/LMF its capabiltiy to compensate for antenna phase center offsets for time based positioning. Note this could apply to both broad beam and narrow beam SRS-Pos transmissions.

FL comments
The phase center offsets may be different for different antenna panels and different beam directions, which may be seen also as timing delays, and have an impact on the measurement and positioning accuracy. The introduction of the concept of timing error groups may address, to a certain degree, the impact of the antenna array phase centers on the measurement and positioning accuracy. The impact of the antenna array phase center offsets on the mitigating UE/gNB Tx/Rx timing errors were discussed in the last meeting without conclusion.
 
[bookmark: _Toc62397293]Proposal 6.1-1
· Support UE to report gNB specific SRS-Pos TOD offsets to gNB/LMF for enhancing the positioning accuracy.
· Support UE to signal to gNB/LMF its capability to compensate for antenna phase center offsets for time-based positioning.
· Note this could apply to both broad beam and narrow beam SRS-Pos transmissions

Comments 
	Company
	Comments 

	Huawei/HiSilicon
	What is gNB specific SRS-Pos TOD?

	Nokia/NSB
	We support the proposal. It is possible that it can also potentially be incorporated into the other TEG reporting if agreed. We think that directionality plays a role in if the TEG hold true or not. As we point out in our contribution if two gNBs receive the same SRS resource and are in widely different directions from the UE then even if the UE says that the SRS resource belongs to a given TEG it may not hold up as the PCO error introduced by the directional dependency causes errors. 

To Huawei’s question: gNB specific SRS-Pos TOD means the specific TOD offset that a UE uses for a particular SRS transmission. So maybe a slightly better wording would be:
· Support UE to report gNB specific resource specific SRS-Pos TOD offsets to gNB/LMF for enhancing the positioning accuracy.
 

	Huawei/HiSilicon
	Just would like to raise the question to Nokia:
Is the PCO dependent only on Tx/Rx beam or also on measurement direction? Looks as if the Nokia’s new proposal implies that it is also dependent on different measurement directions given the same Tx beam.

	LG
	We prefer to deal with it low priority.

	
	




[bookmark: _Toc69027124][bookmark: _Toc62397290][bookmark: _Toc62397294][bookmark: _Toc69027126]TA reports
Submitted Proposals
· (MediaTek R1-2103600[18])Proposal 4d-1: For M-RTT, the delta adjustment of TA, which is between the applied TA for UE RX-TX time difference measurement and for actual SRS transmission for gNB RX-TX time difference measurement, may report to the location server.

FL Comments
The adjustment of TA during a multi-RTT positioning procedure without proper handing the change of the UE time may certainly impact UE Rx-Tx time difference measurements. In addition to reporting the TA changes to LMF, another possible way is the UE delays the TA changes during RTT positioning procedure, or the UE includes the TA changes into the UE Rx-Tx time difference measurements.

[bookmark: _Toc62397291]Proposal 6.2-1
· Support UE to report the delta adjustment of TA, which is between the applied TA for UE RX-TX time difference measurement and for actual SRS transmission for gNB RX-TX time difference measurement, to LMF for Multi-RTT positioning.

Comments
	Company
	Comments 

	Qualcomm
	We support this proposal. We think that the TA change between the UE-Rx-Tx measurement (as the 38.215 says, the Tx timing should be that of the UL subframe that is closest to PRS), and the actual SRS transmission, is an aspect that should be discussed further. IN Rel-16 there was an attempt to ask for PRS and SRS to be “close-by”, a topic that hasn’t yet been finalized. 

In either case, the changes in TA during the PRS reception and SRS transmission is an important topic that we believe should  be handled during this release. 

Another Option is to change the definition of UE Rx-Tx and have that the “Tx Timing” should correspond to the uplink subframe that includes the SRS resource for which the measurement is associated with. We need to add an SRS resource association for each UE Rx-Tx measurement . 

	
	

	
	

	
	




The spatial relation of SRS with DL PRS or SSB
Submitted Proposals
·  (Ericsson R1-2103771[22])Proposal 3	It shall be possible to configure an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain UE TX TEG.

FL comments
For the estimation UE TX timing error difference, it was proposed in [22] to configure an SRS with a spatial relation towards a DL PRS or SSB together with a certain delay group, in order to support the UE to transmit each SRS towards TRPs with each delay group (i.e., antenna panel). A similar proposal was discussed in RAN#104e without a conclusion. Suggest further discuss the proposed enhancement, including the potential benefits and implementation issues.

[bookmark: _Toc62397295]Proposal 6.3-1
· Further study the configuration of an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain UE TX TEG

Comments 
	Company
	Comments 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc62397296][bookmark: _Toc69027127]Beam and delay group sweeping
Submitted Proposals
· (Ericsson R1-2103771[22])Proposal 4	RAN1 should study beam and UE TX TEG sweeping further and consider this method to reduce positioning overhead for specification in Rel. 17.

FL comments
Consider a UL beam may be transmitted with different antenna panels with different Tx timing errors, it was proposed in [19] to further study the beam and delay group sweeping to reduce positioning overhead.
[bookmark: _Toc62397297]Proposal 6.4-1
· Further study beam and UE TX TEG sweeping and consider this method to reduce positioning overhead for specification in Rel. 17

Comments 
	Company
	Comments 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc48211472]
[bookmark: _Toc69027128][bookmark: _Toc62397298]Others
Submitted Proposals
· (Samsung R1-2103243[14])Proposal 3: Improve the TA granularity for TA report in E-CID. 
· (Samsung R1-2103243[14])Proposal 4: Positioning in RRC inactive state should be supported.

FL comments
TA granularity for TA report in E-CID above is not included in the scope of  Rel-17 WI. Positioning enhancement for RRC inactive is not on the agenda of this meeting. Suggest no further discussion of the above proposals in this meeting.

	Company
	Comments 
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