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Introduction
Timing error mitigation based on TEG framework were discussed in RAN4#101-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· TEG margin
· Number of margins 
· Determination of the margins
· Time variation of TEG
· RRM requirements for TEG
· Report for the measurement without TEG association
In addition, RAN1 has sent an LS [2] related to Tx TEG, and RAN4 is asked to check the agreements to see there is any concern and work on how to decide when the UE Tx TEG association is changed. 
In this paper we will provide our views on the open issues related to TEG.
Discussion
TEG margin
Number of margins 
	Issue 1-2-3a How many timing error margins associated with TEGs to be defined per UE/TRP? 
Open issue: 
· Option 1: (vivo, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· Multiple timing error margins per UE/TRP.
· Option 2: (Intel)
· A single timing error margin associated with all TEGs per UE/TRP.
· Option 3: (Intel, Huawei)
· Define two margin values for the UE Rx TEG for different time scopes:
· Value 1: X, valid for all measurements in the same measurement report 
· Value 2: Y (< X), valid for measurements associated with same time stamp
· The value of X and Y may be dependent on PRS BW and FR.


In our view, there are two issues to be considered for determining the number of TEG margins:
· Issue 1: whether to define different margins for different time scopes
· Issue 2:  whether to define different margins for a single time scope
Issue 1: whether to define different margins for different time scopes
In our understanding, the timing error may vary over time due to two factors:
· F1: The change of the group delay of the physical components or frequency of UE internal clocks
· F2: The uncertainty in UL and DL timing determination
F1 can be a slow change, and may be caused by temperature change or aging. F2, however, is quite dynamic. This uncertainty could depend on the frequencies of UE internal clocks, including those in digital and analog domains. For example, if the DL BW is 100MHz, there could be a +/-8ns uncertainty in determining the DL timing even UE is doing perfect timing estimation in the baseband. Such uncertainty is more like random jitter, and will add together with the F1 when we compare timing error of two measurements.
For example, the error in DL timing determination is -6ns for measurement #1 and +2ns for measurement #2. Even the two measurements has gone through the same physical components, the difference of the timing error is 8ns. From statistical point of view, the DL timing determination error, if we take the average from multiple measurements over time, may be zero, but for the instantaneous timing error, it is present and will impact the timing error difference observed by the LMF. 
The uncertainty F2 would be same for measurements that are taken close in time, preferably at the same time (with same time stamp), and the timing error difference among those measurements can be rather small if they have gone through the same physical components. However, if two measurements are taken by the same Rx path (physical components) but at different time, the timing error difference will be larger.
As the whole TEG framework is introduced to achieve high accuracy positioning by mitigating the impacts of timing errors associated with measurements, we understand what is most relevant for the TEG framework is the margin for the same time stamp, i.e. LMF is likely to use measurements taken at the same time stamp and in the same TEG for positioning fix in order to achieve high positioning accuracy. Therefore, RAN4 should define the TEG margin for the time scope of same time stamp.
In RAN4#101-e, we proposed to also define another TEG margin for the time scope of same measurement report. Although this is technically possible and reasonable, we do not think this large margin value is so relevant for the TEG framework and so useful for positioning fix at LMF. Therefore, we suggest RAN4 to focus on the time scope of the same time stamp when determining the TEG margin.
Issue 2:  whether to define different margins for a single time scope
In option 1, it is suggested to define a range of values for the margin, such that different TEGs could be based on different margin values, which would be indicated to LMF in the measurement report. We do not see clear need for reporting TEGs with multiple margin values for the same time scope and how it would help LMF in positioning fix, and it could happen that UE just report TEG with a large allowed margin value, which makes the TEG framework not useful.
Proposal 1: Define a single margin value (X) for the UE Rx TEG for the time scope of “same time stamp”, i.e. LMF assumes timing error difference between two measurements is smaller than X if they are associated with same TEG ID and same time stamp.
Determination of the margins
	Issue 1-2-3b How to define timing error margins associated with TEGs for UE/TRP? 
Open issue: 
· Option 1: (ZTE, CATT, Ericsson)
· NW configures fixed timing error margins to UE/TRP.
· Option 2: (vivo, Intel, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· UE/TRP configures the timing error margins itself based on its implementation.
· Option 3: (Huawei, Ericsson)
· Fixed in the spec


We prefer option 3, which is the simplest option and it can cover the basic use case of TEG framework.
On option 1, there is some point in it because it is up to the LMF to decide which timing error difference is concerned for the positioning fix, and it may be meaningful for LMF to indicate the TEG margin it cares. However, as we mentioned above, the TEG framework is introduced to achieve high accuracy positioning by mitigating the impacts of timing errors associated with measurements, so typically LMF would request UE to report TEG information only when it cares about small timing error difference, so defining a small value in the spec should be sufficient, and allowing LMF to configure interested margin value can be considered as an enhancement for future releases. 
On option 2, we do not think it should be up to UE to decide the margin, instead UE should determine the grouping based on the defined margin value. If the timing error difference between two measurements is larger than the defined margin value, UE should associate them to different TEGs, no matter if the difference is smaller than another larger value or not. As we discussed above, with option 2 it could happen that UE just report TEG with a large allowed margin value, which makes the TEG framework not useful.
Proposal 2: The TEG margin value is fixed in the spec.
We suggest to inform RAN1 about Proposal 1 and 2 (if they are agreeable in RAN4) in an LS to RAN1, and a draft LS is provided in Annex A.
Time variation of TEG
	Issue 1-3-1 Whether to define time-variant (semi-static or dynamic) TEGs? 
Open issue: 
· Option 1: (Ericsson, CATT, vivo, OPPO, ZTE, Nokia)
· The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG. 
· Option 2: (Qualcomm, Intel)
· A UE/TRP should be able to configure TEGs semi-statically during an arbitrary period of time determined by the UE/TRP and signaled to the LMF. The UE/TRP could signal a TEG reset or send a new TEG configuration to override the previous one. 
· Option 3: (Intel)
· Whether the time variant TEG is necessary can be FFS. The static TEG within a specific time window can be taken as the start point. 
· Option 4: (Ericsson, Nokia, Huawei)
· Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis. 
· FFS: Indication of temporal validity of TEGs and how to treat measurement reports when a change in TEG association is observed in accordance with future RAN1 outcome
· FFS: Impact of time variance of TEGs when defining useful TEG timing error margins
· Option 5: (Nokia)
· If the timing error is known and semi-static or static, gNB TX and RX chain can mitigate it by gNB implementation internally. gNB does not need to report semi-static or static TEG to an external unit (LMF)


We understand the issue is essentially about the time scope of TEG information.
· If the time scope of TEG is same time stamp, LMF could assume timing error difference between two measurements associated with same TEG ID is smaller than a margin if they are with same time stamp, but if they are with different time stamps then LMF would assume the difference is only smaller than the margin value in Rel-16 accuracy requirements. Taking an example, if UE measures resource #1 with Rx path #1 at T1 and resource #2 with Rx path #2 at T2, UE could associate them with same TEG ID.
· If the time scope of TEG is some time period, LMF could assume timing error difference between two measurements associated with same TEG ID is smaller than a margin if they are both taken in the same time period. Taking the same example, if UE measures resource #1 with Rx path #1 at T1 and resource #2 with Rx path #2 at T2, UE should associate them with different TEG IDs, unless the timing error difference between the two Rx paths is calibrated to be smaller than the margin. In this case, there could be a need to clearly define the time period, e.g. UE may need indicate LMF if TEG is reset, and LMF would then know that the timing error difference for the two measurements associated with same TEG ID can be larger than the margin if one is taken before the reset and the other after.
As the whole TEG framework is introduced to achieve high accuracy positioning by mitigating the impacts of timing errors associated with measurements, we understand what is most relevant for the TEG framework is the margin for the same time stamp which can be very small, i.e. LMF is likely to use measurements taken at the same time stamp and in the same TEG for positioning fix in order to achieve high positioning accuracy. Therefore, RAN4 should define the TEG margin for the time scope of same time stamp, and there is no need to consider the time variation of TEG.
Proposal 3: RAN4 not to consider the time variation of TEG provided that time scope of TEG is defined as ‘same time stamp’.
RRM requirements for TEG
	Issue 1-4-1 The impact of Rx TEGs on measurement requirements and accuracy requirements 
Open issue: 
· Option 1: (Qualcomm)
· RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same Rx TEG. 
· Option 2: (Huawei)
· RAN4 concludes no impacts on core requirements from the TEG framework. (Nokia, OPPO)
· RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
· Option 3: (Intel)
· Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
· Option 4: (Ericsson, Nokia, Intel, CATT, vivo)
· FFS until the timing error grouping method and timing error margins are agreed. 


First, we think it should be clear that there is no impacts on core requirements from the TEG framework. The TEG framework is to provide additional information related to measurements, i.e. whether the timing error difference between the two measurements are within a margin, but it will not impact the measurement itself. 
On the performance requirements, as the timing error is considered as margin in accuracy requirements, it is possible to define e.g. enhanced accuracy requirements for RSTD or relative Rx-Tx accuracy requirements to verify that the timing errors for measurements associated to the same TEG are within the margin. We suggest RAN4 to discuss the exact value for the margin (X and Y in Proposal 4) in the Performance part, and based on the outcome to further discuss whether and how to define RRM requirements for TEG, e.g. taking into account testability issue. 
Proposal 4a: RAN4 concludes no impacts on core requirements from the TEG framework.
Proposal 4b: RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
Report for the measurement without TEG association
	Issue 1-5-1 How to report transmissions/measurements which cannot be associated with any TEG
Open issue: 
· Option 1: (Ericsson)
· Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements
· Option 2: (Ericsson, Nokia, Intel, OPPO)
· Allow TEG association in measurement report to be optional
· Option 3: (CATT, Huawei, vivo)
· It is RAN1/2 scope. 


It is not clear to us when a measurement cannot be associated with any TEG. If the difference between the timing error of measurement A and any other measurement is larger than a margin, by default measurement A could be associated to a TEG which no other measurement is associated to. If number of TEG IDs is limited such that this default way of grouping is not feasible, then it is up to RAN1 to decide a solution e.g. as option 1 or 2. Also, we do not think this will impact RAN4 work related to TEG.
Proposal 5: RAN4 not to further discuss whether and how to report transmissions/measurements which cannot be associated with any TEG.
Tx TEG association 
In [2] RAN1 informed RAN4 about the following agreements and asked RAN4 to check the agreements to see there is any concern and work on how to decide when the UE Tx TEG association is changed.
	Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed


We do not see any concern on the RAN1 agreements. On the question when the UE Tx TEG association is changed, we understand there are two issues:
· Issue 1: the criteria of Tx TEG association change
· Issue 2: the condition of Tx TEG association change
Issue 1: the criteria of Tx TEG association change
In section 2.2 we discussed the time variation of Rx TEG, and our view is that time scope of TEG is “same time stamp”, i.e. LMF could assume timing error difference between two measurements associated with same TEG ID is smaller than a margin only if they are with same time stamp. We think the same principle can be re-used for Tx TEG. 
If there is only one SRS resource transmitted by the UE, it could happen that UE uses Tx path #1 at T1 and Tx path #2 at T2 for the transmission. We do not think this case should be considered as Tx TEG association change as LMF will anyway not assume the timing error difference between the two transmissions is smaller than a margin. 
· First, to achieve high accuracy positioning, LMF is more likely to use measurements taken at the same time stamp because the timing error difference for transmissions at different time stamps will be subject to larger margin. 
· Second, there are many factors that can impact the timing of the two transmissions, e.g. there can be TA update or UE autonomous adjustment. 
We suggest to define the criteria of Tx TEG association change as “at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG”.
Proposal 6: Tx TEG association is considered to be changed if at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG.
Issue 2: the condition of Tx TEG association change
We understand so far there is no requirement or behavior regarding the consistency of the Tx paths used for the SRS transmission. For example, we consider a single port SRS resource. UE can use Tx path #1 at T1 and use Tx path #2 at T2. UE may perform such switching e.g. if it finds somewhere in between T1 and T2 that using Tx path #2 will lead to a better coverage due to blockage. Same switching can happen for both legacy SRS and positioning SRS.
Selection of Tx path for SRS transmission is an UE implementation issue, and switching of Tx path for any SRS resource may lead to Tx TEG association change, so we do not think RAN4 can define condition for Tx TEG association change.
Proposal 7: When Tx TEG association change occurs depends on UE implementation. 
We suggest to inform RAN1 about Proposal 6 and 7 (if they are agreeable in RAN4) in the reply LS to RAN1, and a draft LS is provided in Annex B.
Conclusions
In this paper we provided our views on TEG.
Proposal 1: Define a single margin value (X) for the UE Rx TEG for the time scope of “same time stamp”, i.e. LMF assumes timing error difference between two measurements is smaller than X if they are associated with same TEG ID and same time stamp.
Proposal 2: The TEG margin value is fixed in the spec.
Proposal 3: RAN4 not to consider the time variation of TEG provided that time scope of TEG is defined as ‘same time stamp’.
Proposal 4a: RAN4 concludes no impacts on core requirements from the TEG framework.
Proposal 4b: RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
Proposal 5: RAN4 not to further discuss whether and how to report transmissions/measurements which cannot be associated with any TEG.
[bookmark: _GoBack]Proposal 6: Tx TEG association is considered to be changed if at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG.
Proposal 7: When Tx TEG association change occurs depends on UE implementation. 
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1. Overall Description:
Based on the TEG framework as in LS R1-2104111, RAN4 discussed the margin values for UE Rx TEG definition, and reached the following agreements.

	Time scope of UE Rx TEG is “same time stamp”, i.e. LMF could assume timing error difference between two measurements associated with same TEG ID is smaller than a margin only if they are with same time stamp.
Define a single margin value (X) for the UE Rx TEG in the spec.



RAN4 will discuss the exact value for the margin (X) in the Performance part of the WI, and based on the outcome, further discuss whether and how to define RRM requirements for TEG.

RAN4 respectfully asks RAN1 to take the above information into account in the future work related to TEG. 


2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work. 


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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Title:	reply LS on the reporting of the Tx TEG association information
Response to:	R1-2112968
Release:	Release 17
Work Item:	NR_pos_enh

Source:	RAN4
To:	RAN1, RAN2
Cc:	RAN3

Contact Person:	
0. Name:	Li Zhang
E-mail Address: 	zhangli164@huawei.com

Attachments: -


1. Overall Description:
RAN4 thanks RAN1 for the information in LS R1-2112968. RAN4 discussed the UE Tx TEG association, and reached the following agreements.

	Tx TEG association is considered to be changed if at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG.
When Tx TEG association change occurs depends on UE implementation. 



RAN4 respectfully asks RAN1 to take the above information into account in the future work related to TEG. 


2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work. 


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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