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In this contribution, the remaining issues to support Multi-RTT positioning in network-verified UE location for NR NTN are discussed based on the conclusions in the previous meetings [1]. 

Discussion
1.1 DL timing drift report
To report the DL timing drift, the following assumption was given in RAN#1 114 bis:
	Working assumption
The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported with the following range, granularity and bits allocation:

	Value range
	Granularity
	Bits allocation

	
[
(i.e:  )]

	
	10 bits


Note: value range is given in unit of corresponding granularity



In TS38.101 [2], the requirement of the measurements is given as the following:
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The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.


Since the maximum value of DL timing drift corresponds to half of the maximum ta-CommonDrift (53.33us/s) and the associated granularity of 0.1us/s satisfies the requirement in TS38.101, the working assumption about reporting the DL timing drift, including the bits allocation bits, can be supported. 
Proposal 1: Confirm the working assumption that the DL timing drift is reported within [-26.5us/s .. +26.5us/s] under the granularity of 0.1us/s, with 10 bits signalling overhead. 

1.2 Definition of measurement period
The following TP on DL timing drift for TS38.215 was endorsed to further clear define the DL timing drift:
	Agreement
Endorse the following TP for TS 38.215:

	Reason for change:
	Modify the definition of DL timing drift in clause 5.1.47 to align with the RAN1#114 agreement.

	
	

	Summary of change:
	Add more clarification to the defintion of DL timing drift


	
	

	Consequences if not approved:
	The definition of this new UE measurement is ambiguous



--- unchanged text omitted ---

5.1.47	DL timing drift
	Definition
	DL timing drift measurement is defined as the variation rate of the downlink delay in ppm due to the as estimated service link Doppler as the DL timing to be shifted due to Doppler over the service link associated with over the UE Rx-Tx time difference measurement period.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE.


	Applicable for
	RRC_CONNECTED



--- End of change ---



However, one remaining issue is regarding which measurement period is used to measure/define the DL timing drift quantity. There was some discussion of adopting the definition of measurement period given by TS38.133 in RAN#1 114bis, but it was asked to be further discussed in RAN1#115.
In TS38.133 [3], the measurement period for ‘UE Rx-Tx time difference measurements’ in positioning frequency layer i is defined as:
	… …

Where
… …
 is the number of UE Rx-Tx time difference measurement samples:
-	= 4 if the UE is not capable of supportedDL-PRS-ProcessingSamples defined in [34].
-	= 1 if the UE is capable of supportedDL-PRS-ProcessingSamples defined in [34] and LMF requests the UE to perform positioning measurements with reduced number of samples by requestedDL-PRS-ProcessingSamples [34] and the following conditions are met:
-	PRS bandwidth is within the active BWP and 
-	Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within [6] dB.
-	=  [2] if the UE is capable of supportedDL-PRS-ProcessingSamples defined in [34] and the LMF requests the UE to perform positioning measurements with reduced number of samples by requestedDL-PRS-ProcessingSamples [34] but the following conditions are not met:
-	PRS bandwidth is within the active BWP and
-	Magnitude of difference between the serving cell’s SS-RSRP and the neighbor cell’s PRS-RSRP is within [6] dB.
-	= 4 otherwise.
	 is the measurement duration for the last UE Rx-Tx time difference measurement sample in the positioning layer i, including the sampling time and processing time,  =  +  ,
	 is periodicity of UE Rx-Tx time difference measurement in positioning frequency layer i: 

where
	corresponds to durationOfPRS-ProcessingSymbolsInEveryTms in TS 37.355 [34],
 , the least common multiple between  and  
	 is the measurement gap repetition periodicity in positioning frequency layer i.
 is the PRS resource periodicity in positioning frequency layer i.
……


It can be found that there is one parameter, , which represents the desired number of measurements ,which has impact to determine the final UE Rx-Tx time difference measurement period. In the following, we will discuss the impact of different values of  on the measurement period in NTN. 
=4
To achieve a higher positioning accuracy, a larger number of measurement samples of PRS resource is generally desired especially under the low SINR condition and thus a typical value of  = 4 is commonly adopted in TN. Besides the number of samples, measurement period is also affected by the periodicity of PRS resource and its definition is given in TS38.214 [4]: 
	A DL PRS resource set is configured by NR-DL-PRS-ResourceSet, consists of one or more DL PRS resources and it is defined by:
· nr-DL-PRS-ResourceSetID defines the identity of the DL PRS resource set configuration. 
· [bookmark: _Hlk39646216]dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity.
… …


It can be observed that if PRS resource takes a relatively large value of periodicity (e.g., 10240 slots), the measurement period will be a quite long duration. This may not be an issue for TN network, however, due to the movement of the satellite in NTN, the DL timing drift in NTN and also the satellite locations will change a lot during such a large measurement period. In this case, the accuracy of the reported DL timing drift and UE Rx-Tx time difference, are expected to be greatly compromised. Although it is possible to configure a small periodicity (e.g., 4 slots) for the PRS resource to minimize the impact of satellite movement, significant resource overhead shall be introduced. 
Observation 1: if 4 samples of PRS resource are used for verifying UE location in NTN, the accuracy of the reported DL timing drift shall be degraded a lot when the periodicity of PRS resource is configured to be not small enough, on the other hand if a small periodicity is considered, it would introduce significant resource overhead. 
1 or 2
In TN, a reduced number of samples is introduced for latency improvements in positioning under certain conditions, such as higher SINR. In TS37.355 [6], “supportedDL-PRS-ProcessingSmaples” is introduced to indicate the UE capability of supporting a reduced number of samples and is defined as:
In multi-RTT based UE location verification under the view of single satellite, the measured PRS is considered to be from the serving satellite. Therefore, the SNR of PRS is generally within an acceptable range and no strong interference is expected in positioning for NTN. supportedDL-PRS-ProcessingSamples-RRC-CONNECTED
Indicates the UE capability for support of measurements based on measuring M=1 or M=2 (instances) of a DL-PRS Resource Set. The UE can include this field only if the UE supports prs-ProcessingCapabilityBandList. Otherwise, the UE does not include this field.
NOTE:	This feature is supported for both UE-assisted and UE based positioning.

Therefore, even if the number of UE Rx-Tx time difference measurement samples is set as, e.g. , the accuracy of the reported DL timing drift, and UE Rx-Tx time difference can be guaranteed. Furthermore, when the  is used, the measurement period is short and the DL timing drift can be clearly measured and reported. Therefore, a reduced number of samples is desired for verifying UE location when using multi-RTT positioning in NTN. 
To support a reduced number of samples for UE Rx-Tx time difference measurements in NTN, the UE should firstly indicate its capability via “supportedDL-PRS-ProcessingSamples” such that the LMF can request the reduced measurement samples via the IE of “requestedDL-PRS-ProcessingSamples”.
Proposal 2: Consider reduced samples measurement of PRS resource for verifying UE location in NTN, and UE should indicate its capability of supporting a reduced number of samples via “supportedDL-PRS-ProcessingSamples” to support multi-RTT UE location verification.
Therefore, LS should be sent to RAN4 to update TS38.133 accordingly.
Proposal 3: Send LS to RAN4 to inform that only reduced samples of PRS resource is used for verifying UE location in NTN and UE should indicate its capability of supporting a reduced number of samples via “supportedDL-PRS-ProcessingSamples” to support multi-RTT UE location verification.

Conclusions
In this contribution, network-verified UE location in NTN is discussed. The observations and proposals are summarized as the following: 
Observation 1: if 4 samples of PRS resource are used for verifying UE location in NTN, the accuracy of the reported DL timing drift shall be degraded a lot when the periodicity of PRS resource is configured to be not small enough, on the other hand if a small periodicity is considered, it would introduce significant resource overhead.  

Proposal 1: Confirm the working assumption that the DL timing drift is reported within [-26.5us/s .. +26.5us/s] under the granularity of 0.1us/s, with 10 bits signalling overhead. 
Proposal 2: Consider reduced samples measurement of PRS resource for verifying UE location in NTN, and UE should indicate its capability of supporting a reduced number of samples via “supportedDL-PRS-ProcessingSamples” to support multi-RTT UE location verification.
Proposal 3: Send LS to RAN4 to inform that only reduced samples of PRS resource is used for verifying UE location in NTN and UE should indicate its capability of supporting a reduced number of samples via “supportedDL-PRS-ProcessingSamples” to support multi-RTT UE location verification.
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