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Introduction
RSTD measurements accuracy requirements were discussed in RAN4#98-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following general issues are to be further discussed:
· Applicable propagation channel
· PRS BW ranges and requirements for 60kHz SCS in FR2
· Group delay calibration margin
· Frequency draft margin
In this paper we will provide our views on the above open issues for RSTD accuracy requirements.
Discussion
Applicable propagation channel
	· Applicable propagation channel for accuracy requirement:
· PRS-RSTD and UE Rx-Tx measurement accuracy requirements 
· Requirements for fading conditions shall be defined
· FFS: Additional set of requirements for AWGN 


Based on simulation results, the RSTD accuracy are quite dependent on the propagation channel. The technical reason is that different propagation channel models have different power-delay profile, and it causes different challenges in TOA estimation, which is to find the timing of the first path. 
RAN4 has agreed to define accuracy requirements based on fading channels, and the accuracy numbers are derived based on simulation results with TDL-A for FR1 and TDL-C for FR2. In our view, the applicability of the accuracy requirements w.r.t. propagation channels should be made clear in the specification. Otherwise, it may cause confusion to e.g. those who use our RAN4 specification to derive the positioning accuracy, that the accuracy is applicable in all scenarios and propagation channels. For example, TDL-C channel model with 300 ns delay spread is particularly difficult for FR1 because its first path is not the strongest path, and the accuracy numbers derived based on TDL-A cannot be achieved with TDL-C channel.
As to whether define additional set of requirements for AWGN, we do not have strong view. Considering that there is a clear performance difference between AWGN and fading channel, we slightly prefer to define the requirements for AWGN channel.
Proposal 1: Define two sets of requirements for AWGN and fading channel respectively. 
Proposal 2: For each set of requirements, capture in the specification the propagation channel model based on which the requirements are derived.

PRS BW ranges and 60kHz SCS
	Table 1: RSTD accuracy in FR1
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
(

	[TBD]
	≥[24]
	15
	≥[4]

	[TBD]
	≥[52]
	
	All

	[TBD]
	>[104]
	
	All

	[TBD]
	≥[48]
	30,60
	All


Table 2: RSTD accuracy in FR2
	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor
(

	[TBD]
	≥[24]
	120
	≥[4]

	[TBD]
	≥[64]
	
	All


FFS: The requirements for SCS=60k in FR2
FFS: The number of PRS BW ranges for each SCS


We suggest to define separate requirements for each SCS. For AWGN channel, the performance is clearly different based on SCS, so it does not make sense to group SCS-es. For fading channel, it is true that for some RB numbers, the performance gap between different SCS-es is marginal, but in such cases, RAN4 can just put same accuracy numbers for different SCs-es.
Based on our simulation results, it is also meaningful to add some additional BW ranges for larger RB number, especially for AWGN channel, because there is a clear performance difference. For fading channel, there is an error floor, separate requirements for very large RB number may not be necessary. 
It is noted that in RAN4 simulation, the largest or almost largest RB numbers are used, but it may not be meaningful to define dedicated requirements for these few RB numbers, so we suggest to lower the lower bound for the large BW range, e.g. based on 200 RB.  
Based on above discussions, we suggest to use the following tables for defining RSTD accuracy requirements. The requirements can be further simplified, e.g. some BW ranges can be merged, if the accuracy numbers turn out to be similar when considering the margins as discussed in the next subsection.
Proposal 3: RAN4 to consider the following tables for defining RSTD accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for RSTD accuracy requirements FR1 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥4

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥24
	60
	≥4

	
	≥64
	
	≥1


Table 2: Template for RSTD accuracy requirements FR2 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥4

	
	≥64
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1


Table 3: Template for RSTD accuracy requirements FR1 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥1

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥[200]
	
	≥1

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1


Table 4: Template for RSTD accuracy requirements FR2 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1

	
	≥128
	
	≥1


Group delay calibration margin
	· FFS on the group delay calibration margin. 
·  Option 1.
· margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1
· 32Tc, reference resource and neighbour resource are on different PRS layer
· Option 2. Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2
· FFS on the exact value


It is clear that when the reference resource and the neighbour resource are different PFLs, a non-zero margin should be added to the baseband RSTD estimation error because the two resources are measured with different Rx paths, so the group delay calibration error is different and cannot be cancelled out. 
For the case when reference resource and neighbour resource are on the same PFL, in RAN4#98-bis-e, some companies raised up the issue that the two measurements may still be measured with different Rx paths, even for FR1. We think this is a valid point, so we support option 2. 
On the exact value, we think more studies are needed. For one Rx path, we agree that the calibration accuracy is depending on the PRS BW, e.g. with 100MHz BW the nominal resolution is ~10ns, which means the residual timing error can be in the range of [-5, +5]ns. Besides the uncertainty in the calibration process, some margin is also needed to account for jitter (variance) of the group delay over time, which cannot be calibrated and compensated. In addition, different Rx paths may be calibrated separately, so the margin to be added for RSTD should be larger than the calibration error for a single Rx path. 
Proposal 4: Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2, regardless if the reference resource and neighbor resource are on the same PFL or not.
Frequency drift margin
	· FFS on frequency drift margin


In RAN4#98-bis-e, some companies raised the issue of frequency drift. We think this is a valid issue. Basically, when the reference resource and the neighbor resource are measured at different time, there is a clock drift due to frequency error, which means even UE perfectly estimates the receive timing of the two resources, it can still not calculate RSTD correctly (due to incorrect understanding about the absolute time in between the two measurements). 
The error due to frequency drift depends on the separation between the two measurements and the frequency drift. In RF requirements, the allowed frequency drift is +/-0.1 ppm, so if the separation between two measurements is 160ms, the error will be +/-32Tc. 
It is noted that the error does not increase infinitely with the separation because UE still maintains the timing for the serving cell data transmission, however, the required accuracy for serving cell data transmission (i.e. Te) can be much larger than what is expected for positioning measurement. 
In our view, the best way to resolve this issue is to add a reasonable margin to the RSTD accuracy based on the condition that NW ensures the separation between the reference resource and the neighbor resource is within a limit (this is similar as PRS/SRS proximity defined for Rx-Tx). As a starting point, we suggest to add the margin of +/-32Tc based on 160ms separation.
Proposal 5: Add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms.
Conclusions
In this paper we provided our views on RSTD accuracy requirements.
Proposal 1: Define two sets of requirements for AWGN and fading channel respectively. 
Proposal 2: For each set of requirements, capture in the specification the propagation channel model based on which the requirements are derived.
Proposal 3: RAN4 to consider the following tables for defining RSTD accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for RSTD accuracy requirements FR1 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥4

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥24
	60
	≥4

	
	≥64
	
	≥1


Table 2: Template for RSTD accuracy requirements FR2 with fading channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥4

	
	≥64
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1


Table 3: Template for RSTD accuracy requirements FR1 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	15
	≥1

	
	≥52
	
	≥1

	
	≥104
	
	≥1

	
	≥[200]
	
	≥1

	
	≥48
	30
	≥1

	
	≥132
	
	≥1

	
	≥[200]
	
	≥1

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1


Table 4: Template for RSTD accuracy requirements FR2 with AWGN channel
	Accuracy (Tc)
	PRB num
	SCS (kHz)
	Repetition 

	
	≥24
	60
	≥1

	
	≥64
	
	≥1

	
	≥132
	
	≥1

	
	≥24
	120
	≥1

	
	≥64
	
	≥1

	
	≥128
	
	≥1


Proposal 4: Add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2, regardless if the reference resource and neighbor resource are on the same PFL or not.
Proposal 5: Add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms.
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