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Introduction
RRM requirements for TEG were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Rx TEG margin
· LMF indicated v.s. UE/TRP configured margin
· Same v.s. different margins for multiple TEGs
· Tx TEG and RxTx TEG
· Values for the margin 
· Temporal validity 
· Impact on the core requirements 
· Report for the measurement without TEG association
In this paper we will provide our views on the above open issues for TEG.
Discussion
Rx TEG margin
	Issue 1-1-1 The values of timing error margins associated with Rx TEGs for UE/TRP?
Candidate options:
· Option A: (Qualcomm, Nokia)
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with multiple values (M1, M2, …), which means the timing error difference between the measurements within the TEG#i is within the margin Mi where i=1,2,…. 
· Mi is selected from {TE1, TE2, …}
· Mi can be same as or different from each other
· Step #3: UE/TRP reports the corresponding margin together with Rx TEG ID during the measurement report. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM accuracy requirements will be defined based on the different values {TE1, TE2, …}. 
· Option C: (Ericsson, OPPO, Intel, Nokia)
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value  M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· M is selected from {TE1, TE2, …}
· Step #3: UE/TRP reports selected margin M before the measurement (e.g. after receiving the location request) and only report the Rx TEG ID during the measurement report. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided. 
· Step #5: RRM accuracy requirements will be defined based on the different values {TE1, TE2, …}. 
· Step #6: FFS whether NW can configure requested margin to UE/TRP based on positioning demand.
· Option D (HW): 
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: LMF selects one value M from {TE1, TE2, …} and indicate to UE/TRP
· Step #3: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value  M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM requirements will be defined based on the different values {TE1, TE2, …}.


3 options were discussed as the overall picture for the Rx TEG framework, and we support option D. In our view, the 3 options mainly differ in the following aspects:
· LMF indicated v.s. UE/TRP configured 
· Same v.s. different margins for multiple TEGs
LMF indicated v.s. UE/TRP configured 
	Issue 1-1-3 Approaches for LMF acquiring the timing error margins associated with TEGs of UE/TRP? 
Agreements:
· RAN4 define the possible timing error margin(s) in TS 38.133. 
· FFS whether NW can configure requested margins to UE/TRP based on demand.
· FFS whether UE/TRP need to report used margins to NW based on implementation. 


We support Rx TEG margin value to be indicated by LFM (among the candidate values defined in 38.133).
In our view, it is LMF who will use the TEG information and it is meaningful to let LMF decide which timing error difference is concerned for the positioning fix. For example,
· if LMF is aiming at very high accuracy positioning, it may be interested to know which measurements are with very small (close to zero) timing error difference. In this case, informing LMF about TEG grouping information with 30ns margin does not provide much help to the positioning fix. 
· if LMF is aiming at positioning with 10m level accuracy, it may be interested to know which measurements are with moderate timing error difference e.g. 30ns. In this case, informing LMF about TEG grouping information with 1ns margin does not provide much help to the positioning fix.
We do not see clear rationale to let UE/TRP decide the margin value, as it seems like UE/TRP offering unsolicited information to the LMF which LMF may not be interested in. More importantly, with this approach it could happen that UE/TRP just report TEG with a large allowed margin value, which makes the TEG framework not useful.
Proposal 1: Rx TEG margin value is indicated by LMF among the candidate values defined in 38.133.
Same v.s. different margins for multiple TEGs
	Issue 1-1-1 The values of timing error margins associated with Rx TEGs for UE/TRP?
· Agreements in GTW (1.19)
· A single timing error margin is associated with each Rx TEG 
· FFS if same or different margins are used for measurements with different time stamps
· FFS: whether the timing error margin is the same or not for all Rx TEGs if UE/TRP has multiple TEGs


We support same margin value for all Rx TEGs. 
As discussed above, the Rx TEG margin should be based on LMF’s interests, or the target accuracy of the positioning. In this sense, we do not see clear use case to report different values for different Rx TEGs, i.e. how such information would help LMF to do the positioning fix.
We think UE/TRP should determine the grouping of measurements simply based on the single margin value indicated by the LMF. If the timing error difference between two measurements is larger than the defined margin value, UE/TRP should associate them to different TEGs, no matter if the difference is smaller than another larger value or not.
Proposal 2: Timing error margin is the same for all Rx TEGs if UE/TRP has multiple Rx TEGs.
If Proposal 1 and Proposal 2 can be agreeable, then option D should be adopted for the Rx TEG framework.
Proposal 3: Adopt the following for Rx TEG framework (option D).
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: LMF selects one value M from {TE1, TE2, …} and indicate to UE/TRP
· Step #3: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM requirements will be defined based on the different values {TE1, TE2, …}.
Tx TEG and RxTx TEG
Values for the margin 
	Issue 1-1-2 The values of timing error margins associated with UE Tx TEGs 
Agreements:
· The values of timing error margins associated with UE/TRP Tx TEGs need to be defined in RAN4. 
· The values of timing error margins associated with UE/TRP RxTx TEGs need to be defined in RAN4. 
· FFS whether to reuse the values of UE/TRP Rx TEG. 


In our view, it may be too early to conclude whether same margin values for Rx TEG can be re-used for Tx TEG and RxTx TEG. 
On one hand, RAN4 has not agreed on the margin values for Rx TEG, and in our view this could be done in the Perf part when discussing possible accuracy requirements for TEG. 
On the other hand, there are technical differences to be considered, e.g. the Rx TEG ID can be associated to each measurement while Tx TEG ID can be associated to each SRS resource; it is likely that UE uses the same Rx branch to measure multiple PRS resources at the same time, but it is unlikely that UE uses the same Tx branch to transmit multiple SRS resources. 
Based on discussion in section 2.1, the TEG margin values would have some signalling impact, no matter it is configured by UE or indicated by LMF, so it is important to agree on the number of the TEG margin values for all Rx TEG, Tx TEG and RxTx TEG, so that RAN2 can define the signalling. 
We suggest to define 4 TEG margin values for each TEG type (Rx TEG, Tx TEG and RxTx TEG), and the exact values for each TEG can be discussed later in Perf part.
Proposal 4: Define 4 TEG margin values for each TEG type (Rx TEG, Tx TEG and RxTx TEG), and the exact values for each TEG can be discussed in Perf part.
Temporal validity 
	Issue 1-2-1b Whether to define time-variant (semi-static or dynamic) Tx TEGs and RxTx TEGs? 
Candidate options: 
· Option 1: 
· Use the same approach as Rx TEG for time-variant (semi-static or dynamic) Tx TEGs and RxTx TEGs
· Option 2: 
· The association change of Tx TEGs and RxTx TEGs is up to RAN2. 


We support option 2.
It was agreed in [1] that the association between Tx TEG and SRS resource is up to UE implementation, and it means during the measurement period for the report (temporal validity for the Rx TEG) UE may change the association between Tx TEG and SRS resource, hence the temporal validity is different (shorter) for Tx TEG compared to Rx TEG. RAN2 has been discussing how Tx TEG association is reported, so RAN4 should wait for RAN2 conclusion instead of defining the temporal validity for Tx TEG in RAN4. 
We assume temporal validity of RxTx TEG is similar to Tx TEG as it also involves association with SRS resource.
Proposal 5: The temporal validity of Tx TEG and RxTx TEG is up to RAN2. 
Impact on the core requirements 
	Issue 1-3-1 The impact of Rx TEGs on measurement requirements and accuracy requirements. 
Agreements: 
· FFS: There is no impact on the core requirements from TEG framework. 
· Whether and how to define accuracy requirements for the TEG framework will be discussed in performance part.


In RAN4#101-bis-e, the impact on the core requirements (measurement period) was FFS because some companies raised the issue that UE may be requested to measure same PRS resource with multiple Rx TEGs, based on the following RAN1 agreement.
	· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· M = [2, 3, 4, 6, 8] (FFS: other values)  applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· FFS: details of the signalling, procedures


In our view, the existing measurement period requirements are defined assuming UE measures one PRS resource with only a single TEG, i.e. a single TOA value is reported for each PRS resource. Depending on UE implementation, measuring same PRS resource with multiple Rx TEGs (resulting at multiple TOA values) may require additional time.
Based on the latest feature list from RAN1 [2], the following two UE capabilities are defined related to this measurement behaviour. Based on those two capabilities, the value of N (indicated by LMF) cannot be larger than the value UE reports for 27-1-4, and as to the measurement period, it should be scaled by N/k, where k is the value UE reports for 27-1-4a.
	27-1-4
	Support of  UE Rx TEGs for measuring the same DL PRS resource
	The candidate values are {2, 3, 4, 6, 8}

	27-1-4a
	Support of  UE Rx TEGs for measuring the same DL PRS resource simultaneously
	The candidate values are {1,2,3,4,6,8}


Another issue we would like to discuss related to this measurement behaviour is the measurement accuracy. In Rel-16, the accuracy requirements are defined based on 2Rx assumption, while when UE is requested to measure same resource with multiple Rx TEGS, it is likely to be measured with 1Rx, so the Rel-16 accuracy requirements may not apply.
Proposal 6a: The existing measurement period is scaled by N/k if UE is requested to measure same PRS resource with N different UE Rx TEGs, where k is the value UE reports for 27-1-4a.
Proposal 6b: The existing accuracy requirements do not apply if UE is requested to measure same PRS resource with N different UE Rx TEGs.
Report for the measurement without TEG association
	Issue 1-4-1 How to report transmissions/measurements which cannot be associated with any TEG
Candidate options:
· Option 1: (CATT, ZTE, Huawei, vivo, Ericsson)
· Whether and how to report the measurement without TEG association should be within RAN1/2 scope. 
· Option 2: (Qualcomm, Ericsson, Nokia, OPPO)
· Association of transmissions/measurements to TEGs is optional. 
· If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurement/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.(Qualcomm)


In our understanding, what is proposed in option 2 has already been agreed by RAN1. For example, in TEG related features 27-1-1, 27-1-2, 27-1-2a and 27-1-3 in the latest feature list from RAN1 [2], such statements are added: 
	If the UE does not include RxTEG-ID associated with a measurement, no assumption can be made on the mitigation of UE Rx timing delays errors for this measurement.


We do not think RAN4 needs to further discuss this issue given RAN1 already has made agreements.
Proposal 7: RAN4 not to further how to report the measurement without TEG association since RAN1 already has made agreements.
Conclusions
In this paper we provided our views on TEG.
Proposal 1: Rx TEG margin value is indicated by LMF among the candidate values defined in 38.133.
Proposal 2: Timing error margin is the same for all Rx TEGs if UE/TRP has multiple Rx TEGs.
Proposal 3: Adopt the following for Rx TEG framework (option D).
· Step #1: RAN4 define multiple candidate values {TE1, TE2, …} in the spec. 
· Step #2: LMF selects one value M from {TE1, TE2, …} and indicate to UE/TRP
· Step #3: UE/TRP has multiple Rx TEGs (TEG#1, TEG#2, …) associated with the same value M, which means the timing error difference between the measurements within the same Rx TEG is within the margin M. 
· Step #4: The applicability of reported UE Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with a Rx TEG ID.
· Step #5: RRM requirements will be defined based on the different values {TE1, TE2, …}.
Proposal 4: Define 4 TEG margin values for each TEG type (Rx TEG, Tx TEG and RxTx TEG), and the exact values for each TEG can be discussed in Perf part.
Proposal 5: The temporal validity of Tx TEG and RxTx TEG is up to RAN2. 
Proposal 6a: The existing measurement period is scaled by N/k if UE is requested to measure same PRS resource with N different UE Rx TEGs, where k is the value UE reports for 27-1-4a.
Proposal 6b: The existing accuracy requirements do not apply if UE is requested to measure same PRS resource with N different UE Rx TEGs.
Proposal 7: RAN4 not to further how to report the measurement without TEG association since RAN1 already has made agreements.
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1. Overall Description:
RAN4 would like to inform RAN2, RAN3 and RAN1 that RAN4 has reached the following conclusions related to TEG framework during RAN4#102-e.

	· RAN4 will specify 4 candidate margin values {TE1, TE2, TE3, TE4} for UE/TRP Rx TEG, Tx TEG and RxTxTEG in the spec. 
· The candidate values can be different for each TEG type (Rx TEG, Tx TEG and RxTxTEG)
· The candidate values are FFS
· LMF selects one margin value M from {TE1, TE2, TE3, TE4} and indicates to UE/TRP
· UE/TRP provides TEG association information based on the indicated margin value M, which means the timing error difference between the measurements or transmissions within the same TEG is within the margin M. 
· The applicability of reported Rx TEG is limited to the measurements contained within the measurement report in which the Rx TEG information is provided, and only to measurements that are tagged with an Rx TEG ID.
· RAN4 understands that the applicability of reported Tx TEG and RxTx TEG are up to RAN2 and RAN3 to decide.



RAN4 respectfully asks RAN2, RAN3 and RAN1 to take the above information into account and define signalling support for TEG framework. 


2. Actions:
To RAN2, RAN3, RAN1:
RAN4 respectfully asks RAN2, RAN3 and RAN1 to take the above information into account and define signalling support for TEG framework. 


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #103-e		May 16 – May 27, 2022			Electronic Meeting
RAN WG4 Meeting #104			August 22 – August 26, 2022		Toulouse, France
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