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Introduction
In RAN1 #114bis, the following relevant agreements and working assumption were made:
	
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

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
	[bookmark: _Hlk149209669]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 ---





[bookmark: _Hlk149210267]In this contribution we will discuss the definition of the UE Rx-Tx time difference measurement period.  We also discuss the value range and the granularity of the DL timing drift due to Doppler over the service link.

[bookmark: _Hlk134534364]
[bookmark: _Hlk138934497]UE Rx-Tx time difference measurement period
The following briefly explains how UE Rx-Tx measurement is performed at the UE. gNB is configured by LMF to transmit PRS (or CSI-RS) to the target UE. Moreover, the target UE is configured by LMF to transmit SRS to gNB.  SRS transmission should happen within a range from the reception of PRS by the UE. Typically, SRS transmission should happen for example within +/- 160 ms from the reception of PRS. This is required to avoid any timing drift due to the UE’s clock drift and/or subframe timing shrinkage/expansion due to Doppler as explained above.  The UE then measures the UE Rx-Tx time difference that is defined as TUE-Rx – TUE-Tx  as illustrated in Figure 1.
Where:
TUE-Rx is the UE received timing of downlink subframe #i from a Transmission Point (TP), defined by the first detected path of downlink subframe #i in time.
[bookmark: _Hlk138947302]TUE-Tx is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.



[bookmark: _Ref138943125]Figure 1.  UE Rx-Tx time difference
[bookmark: _Hlk138947405][bookmark: _Hlk138946770]Multiple PRS or CSI-RS for tracking resources, as instructed by the network higher layers or LMF, can be used to determine the start of one subframe of the first arrival path of the TP. The UE then reports the measured UE Rx-Tx to the network higher layers or LMF.  The value of UE Rx-Tx could be either negative or positive. Figure 1 shows the case where the value of UE Rx-Tx is positive.  However, depending on the value of TA applied to the uplink transmission, if uplink subframe #j happens after downlink subframe #i, then the value of UE Rx-Tx would be negative. According to the agreement, in addition to UE Rx-Tx, the UE reports the following information to the network higher layers or LMF: 
1. The actual index difference between subframe j and subframe i.
2. The DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period.

For network or LMF to be able to calculate accurately RTT value in multi-RTT approach, LMF should be able to calculate the actual amount of the time difference between receiving PRS by the UE and transmitting SRS by the same UE.  By inspecting Figure 1, we can see that the time difference between receiving PRS by the UE and transmitting SRS by the same UE consists of the following three components:
1. UE Rx-Tx time difference.
2. Subframe length of 1ms multiplied by the index difference between subframe k and subframe j.
3. TA adjustments because of DL timing drift due to Doppler over the service link.

According to the agreement, the UE reports the DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period. This is done to provide sufficient information to LMF to calculate component 3 above. TS 38.133 [1] has a definition for measurement period for UE Rx-Tx time difference. Depending on the UE configuration and whether it is in RRC_INACTIVE state or in RRC_CONNECTED state, the measurement period is defined differently.  TS 38.133 clause 5.6.4.5 defines the measurement period for RRC_INACTIVE state and clause 9.9.4.5 defines it for RRC_CONNECTED state. The final value is calculated in msec.  Both UE and network/LMF will have the same understanding of the measurement period and there is not ambiguity.   

[bookmark: _Hlk141706616]Observation 1: UE and network have the same understanding of the UE Rx-Tx time different measurement period as defined in TS 38.133.


Figure 2. An example for measurement period

The UE observes Doppler shift over the service link and estimates the Doppler. Based on the estimated Doppler, the UE can calculate the average value of the timing drift over the measurement period. The UE then reports this value to LMF.  LMF in turn is able to use the reported value to extrapolate and estimate DL timing drift over any amount of time specifically within +/- 160 ms that the existing specification requires.  
Observation 2: Using the existing definition for the UE Rx-Tx time different measurement period in TS 38.133 clauses 5.6.4.5 and 9.9.4.5, LMF is able to estimate DL timing drift for any amount of time window smaller than 160 ms.  
There are other alternatives for the definition of measurement period.  For example we could make a new definition and define the measurement period as the duration between the time that a PRS is arrived at the UE in DL and the time that the UE transmits a SRS in UL.  However, this new definition would be inefficient since it is going to couple PRS and SRS together and the UE has to report a separate timing drift for each pair of PRS-SRS, which will be inefficient.   
Observation 3: Making new definition for measurement period is unnecessary and inefficient.  
Based on the above observations, we make the following proposal:
Proposal 1: Use the existing definition for the UE Rx-Tx time different measurement period in TS 38.133 clauses 5.6.4.5 and 9.9.4.5.
 
DL timing drift granularity and range 
In the previous meeting, RAN1#114bis, the following text was proposed and approved for the definition of DL timing drift measurement:
“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.”
As seen the unit of DL timing drift is expressed in ppm. However, in the same meeting the agreed working assumption for the value range and the granularity of DL timing drift in expressed in terms of µs/s. 
Observation 4: DL timing drift is defined in terms of ppm, however, the working assumption expresses the value range and the granularity of DL timing drift in terms of µs/s. 
[bookmark: _GoBack]For the sake of consistency it is preferred to express the value range and the granularity of DL timing drift in terms of ppm too.
The working assumption also provided the value range for DL timing drift for based on the worst case scenario that is for LEO orbits.  In the following we calculate DL timing drift for several LEO orbits and elevation angles.  From 38.811 [4] we can see that the DL timing drift due to Doppler over the service link, expressed in ppm, can be calculated using the following equation:

Where , , , , , and  denote the satellite speed, the UE speed, the speed of light, the earth radius, the satellite altitude, and the satellite elevation angle, respectively.  In this equation we assume the worst case scenario, where UE’s moving direction is directly towards the satellite.  Using the equation we calculate timing drift in ppm for several assumptions for the satellite altitude and elevation angles as shown in Table 1 for maximum UE speed of 1200 km/h. 

	
	
	Elevation angle

	
	
	
	

	Altitude
	600 km
	 ppm
	 ppm

	
	400 km
	 ppm
	 ppm


Table 1. DL timing drift assuming  = 1200 km/h
As seen, even for the very worst case elevation angle of  and satellite altitude of 400 km, the DL timing drift is  ppm. Adding 0.2 ppm to account for marginal error and rounding, we could say that the maximum value range of the DL timing drift is +/- 25 ppm.   
[bookmark: _Hlk149223257]Observation 5: The maximum value range of the DL timing drift is +/- 25 ppm. 
Please notice that during the study phase of network verified UE location, we had focused our study and simulations on more relaxed assumptions such as elevation angle of  and satellite altitude of 600 km.  So we think that +/- 25 ppm will well cover the maximum value range of the DL timing drift.
Having the above discussions as well as observations 4 and 5, we propose changing the details of the working assumption and confirm it with the new values according to the following:
Proposal 2: For DL timing drift, change the unit for granularity to ppm and modify the value range and bits allocation according to the following:
	Value range
	Granularity
	Bits allocation

	-250 … 250
(i.e.: -25 ppm … 25 ppm )
	0.1 ppm
	9 bits


[bookmark: _Hlk74145913]
An RRC parameter for DL timing drift is also being prepared that was in unstable state in meeting RAN1#114bis.  The RRC parameter explanation should be modified according to this proposal if this proposal is agreed.
Conclusion 
In this contribution we discussed the definition of the UE Rx-Tx time difference measurement period.  We also discussed the value range and the granularity of the DL timing drift due to Doppler over the service link. Accordingly, we made the following observations and proposals: 
Observation 1: UE and network have the same understanding of the UE Rx-Tx time different measurement period as defined in TS 38.133.
Observation 2: Using the existing definition for the UE Rx-Tx time different measurement period in TS 38.133 clauses 5.6.4.5 and 9.9.4.5, LMF is able to estimate DL timing drift for any amount of time window smaller than 160 ms. 
Observation 3: Making new definition for measurement period is unnecessary and inefficient.  
Observation 4: DL timing drift is defined in terms of ppm, however, the working assumption expresses the value range and the granularity of DL timing drift in terms of µs/s.
Observation 5: The maximum value range of the DL timing drift is +/- 25 ppm. 
Based on the above observations, we made the following proposals:
Proposal 1: Use the existing definition for the UE Rx-Tx time different measurement period in TS 38.133 clauses 5.6.4.5 and 9.9.4.5.
Proposal 2: For DL timing drift, change the unit for granularity to ppm and modify the value range and bits allocation according to the following:
	Value range
	Granularity
	Bits allocation

	-250 … 250
(i.e.: -25 ppm … 25 ppm )
	0.1 ppm
	9 bits
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