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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in mitigating UE/gNB Rx/Tx Rx/Tx timing delays, characteristic of TEG, reference timing and average window for measurement.

Accuracy improvement for timing based positioning measurement
[bookmark: _Toc69027115]UE Tx and TRP Rx timing errors for UL TDOA
Regarding whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF, the following was agreed in the last meeting [1].
	Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs 
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF



In case of DL PRS configuration, the PRS configuration associated with the candidate TRP is provided directly to the UE and LMF plays a main role of this behaviour. However, in case of the SRS configuration, gNB plays a main role to decide which resources are needed for SRS in accordance with the current specification (8.13.1 in TS 38.305). In addition, since the UE Tx TEG can be associated with one or more UL SRS resource(s) based on the definition of UE Tx TEG, it seems desirable that allowing UE to provide gNB with association information first.
Proposal #1: 
· For providing association information related with UE Tx TEG, UE needs to provide gNB with the information first.
[bookmark: _Toc62397279][bookmark: _Toc69027116]UE/gNB Rx/Tx timing errors in DL+UL positioning 
For enhancement of timing error for DL+UL positioning, the followings were agreed in the previous meeting [1]. 
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS1). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements


Multiple DL PRS resources can be used for the decision of UE Rx subframe boundary for Rx-Tx time difference and vice versa for gNB. For gNB, multiple UL PRS resources can be used for decision on gNB Rx subframe. From this perspective, there is an ambiguity at LMF side. We think that the ambiguity problem can be resolved by providing Rx TEG ID which is associated with a specific PRS resource that is used for deciding subframe and related Tx TEG ID. But, if multiple resources are used at UE/gNB, it seems not to be a proper approach. In that case, it is helpful if multiple Rx TEG ID is provided for LMF. So, if the multiple combination of {Rx TEG ID, Tx TEG ID} are provided for LMF, this problem can be simply avoided. From this point of view, we prefer option 2 and Alt.1 to DL+UL positioning enhancement.
Observation #1: 
· The ambiguity from the decision on subframe can be avoided by providing Rx TEG ID which is associated with a specific PRS resource that is used for deciding subframe and related Tx TEG ID to LMF.(option #2 and Alt.#1) 
Proposal #2: 
· Support option #2 (‘Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported.’) and Alt.#1 (‘an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement’)

Multiple reference timings
Based on current specification, a single reference timing (e.g. reference TRP) is provided for UE to calculate RSTD. However, if channel condition related to resource set and/or resource(s) for configured reference TRP is poor, UE may select resources of different TRP on its own and the related measurement can be reported. Likewise, configuring a single reference timing highly depends on the external environment. From this perspective, mechanism such as by introducing multiple reference timing to UE can be considered. Multiple reference timings can provide more timing information than a single reference TRP scenario for UE to calculate RSTD, and the increased degree of freedom can provide more accurate performance. 
In addition, the reference timing for each Rx TEG may need to be different because the channel condition for each Rx TEG might be different. In this regard, multiple reference timings also need to be considered.

Observation #2: 
· Configuring a single reference timing highly depends on the external environment
Proposal #2: 
· RAN1 needs to consider the configuration of multiple reference timings for DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements.


Average timing window
In the previous RAN1 meeting [2], the following was agreed with measurement reporting: 

	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 signalling, 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.



Assuming that propagation time of UL and DL is the same, the UE/network could extract the synchronization time difference included in RSTD measurement by using round trip time measurement. Based on Figure 1, the relation of the round trip time, RSTD, and the time synchronization term can be described as follows:
				(1)
where /  denotes the round trip time between the UE and gNB#1/gNB#2 respectively, and  denotes the RSTD measurement regarding gNB#1 and gNB#2 when there is no synchronization error, and  represents the time difference between gNB#1 and gNB#2. 
In consideration of the defined timing measurement, the above equation could be described as follows:
(2)
Where,
· : UE Rx-TX time difference of the UE and gNB#k
· : gNB Rx-Tx time difference of the UE and gNB#j 
· : RSTD measurement with respect to gNB#k and gNB#j
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[bookmark: _Ref61791956]Figure 2 An illustrative example of time synchronization error extraction by using DL-TDOA and Multi-RTT 
 
From (2), if the gNB Rx-TX time difference measurement is sent to the UE, the UE also can estimate network time synchronization difference.

Observation #3: 
· Time synchronization errors between gNBs/TRPs can be compensated from either network or UE by using signal measurements based on SRS and PRS. 

In consideration of the measurement acquisition behaviour of the UE and gNB, however, for the purpose of accurate acquisition of network time synchronization difference, the time duration of the measurement acquisition should be considered. Considering that a specific timing measurement is calculated by averaging multiple measurements, the above (2) could be expressed as follows:
,
·  and  respectively denote the UE’s measurement averaging window for the UE Rx-Tx time different for gNB#1 and gNB#2, 
·  and  respectively denote the measurement averaging window of gNB#1 and gNB#2 for the gNB Rx-Tx time different with regard to the UE. 
·  denotes the UE’s measurement averaging window for RSTD.
[bookmark: _GoBack]The measurement averaging windows described above are generally up to implementations for both of the UE and the gNB. In our view, however, if those windows are up to the implementations, it is difficult to extract the time synchronization difference term. For example, a UE can recognize its movement speed, so the UE can report the UE Rx-Tx time difference measurement based on the most recent measurement samples, but the gNB can assume the UE which is semi-static, and then it may calculate the average value of the gNB Rx-Tx time difference measurement acquired over a relatively long time duration for the improved measurement accuracy. It leads to an inaccurate RTT measurement at the LMF. Thus, both of the UE and the gNB should follow an aligned rule to determine a measurement for reporting of the Rx-Tx time difference and RSTD.
 In summary, using time window has some advantages. If UE and gNB report the measurement results measured in a specific time window to LMF, LMF can match the reported UE Rx-Tx with the reported gNB Rx-Tx to obtain location estimation more accurately. Likewise, the more accurate performance can be obtained from the information obtained through the different positioning methods at the LMF. In addition, since multiple DL PRS resources can be used for single instance (for RSTD or Rx-Tx time difference), TEGs related to each PRS resource need to be maintained during the fixed window time to avoid the impact of the variation. For these reasons, RAN1 should consider average measurement time window for positioning measurement. 

Observation #4: 
· The more accurate performance can be obtained from the information obtained through the different positioning methods at the LMF 
· The effect of variation of TEG can be reduced by ensuring that the TEGs related to each PRS resource remain unchanged. 
· For Multi-RTT, it can help the LMF to match the reported UE Rx-Tx and the reported gNB Rx-Tx. and more accurate performance can be obtained.

Proposal #3: 
· RAN1 should consider average measurement time window for positioning measurement. 


Conclusion
In this contribution, we have discussed Rel-17 NR positioning enhancements especially for the mitigation of UE Rx/Tx and gNB Rx/Tx timing delays.
UE Tx and TRP Rx timing errors for UL TDOA
Proposal #1: 
· For providing association information related with UE Tx TEG, UE needs to provide gNB with the information first.

UE/gNB Rx/Tx timing errors in DL+UL positioning 
Observation #1: 
· The ambiguity from the decision on subframe can be avoided by providing Rx TEG ID which is associated with a specific PRS resource that is used for deciding subframe and related Tx TEG ID to LMF.(option #2 and Alt.#1) 
Proposal #2: 
· Support option #2 (‘Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported.’) and Alt.#1 (‘an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement’)

Multiple reference timing
Observation #2: 
· Configuring a single reference timing highly depends on the external environment
Proposal #2: 
· RAN1 needs to consider the configuration of multiple reference timings for DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements.

Average timing window
Observation #3: 
· Time synchronization errors between gNBs/TRPs can be compensated from either network or UE by using signal measurements based on SRS and PRS. 

Observation #4: 
· The more accurate performance can be obtained from the information obtained through the different positioning methods at the LMF 
· The effect of variation of TEG can be reduced by ensuring that the TEGs related to each PRS resource remain unchanged. 
· For Multi-RTT, it can help the LMF to match the reported UE Rx-Tx and the reported gNB Rx-Tx. and more accurate performance can be obtained.
Proposal #3: 
· RAN1 should consider average measurement time window for positioning measurement. 

Time-variant TEG
Observation #5: 
· If the reported information of TEG changes frequently due to time-variant characteristics, the reporting overhead can be induced for UE.
Proposal #4: 
· RAN1 has to consider the reporting overhead for UE if the reported information of TEG changes frequently
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