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Introduction
In RAN4#97, the RSTD measurement accuracy requirements are discussed, and the outcomes are captured in [1]. There are several issues to be further discussed:
· PRS configurations for defining requirements, including the parameters (BW, repetition and comb size) to be considered and their values
· Applicable propagation channel for accuracy requirement
· Group delay calibration margin
· Antenna panel assumption
· Applicable accuracy requirement in case of HO
In this paper we will provide our views on the RSTD measurement accuracy requirements.
Discussion
PRS configurations
	· Define the requirements at least for the cases without repetition and multiple repetitions (within the slot and across the slots within one PRS period (i.e. TPRS)) can be considered for small BW
· The proposals for accuracy requirements and corresponding configuration parameters are to be collected until the next meeting according to template below
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It is common understanding that RSTD accuracy are dependent on several PRS configuration parameters, including BW, repetition and comb size. There are some discussions in RAN4#97 about which parameters should be accounted in the accuracy requirements as well as their exact meaning.   
For PRS BW, there are two options discussed:
· Option 1: BW is defined in unit of number of PRBs irrespective of the SCS
· Option 2a: BW is defined in unit of number of PRBs and the SCS
· Option 2b: BW is defined in unit of MHz
For TOA estimation, the resolution is determined by both the FFT size (the number of PRBs) and the symbol length (the SCS), so option 2a is the most accurate definition for PRS BW and we suggest to use it for the accuracy requirements. 
For PRS repetition, some company proposed [2] to use PRS comb pattern as the basic unit. We think this is a reasonable proposal. A PRS comb pattern is defined as the N consecutive PRS symbols in a slot for PRS of comb size N, e.g. Figure 1 shows a PRS comb pattern for PRS with comb size 4.
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Figure 1: Illustration of a PRS comb pattern for PRS with comb size 4
The number of PRS REs in a PRS comb pattern is constant for all comb sizes, which means the processing gain is same for all comb sizes. The observations from our simulation results [3] also show that the accuracy are agnostic to the comb size with the note that the simulations in [3] are all based on one comb pattern. 
If PRS comb pattern is used as the unit of repetition, there is no need to consider the comb size separately as a parameter for the accuracy requirements. The number of repetitions is defined as 

·  is the slot level repetition number, given by dl-PRS-ResourceRepetitionFactor,
·  is the intra-slot repetition number, given by dl-PRS-NumSymbols / dl-PRS-CombSizeN.
Proposal 1: RSTD accuracy requirements are defined based on PRS configuration parameters of 
· PRS BW defined in number of PRBs 
· PRS SCS
· PRS repetition factor dl-PRS-ResourceRepetitionFactor * dl-PRS-NumSymbols / dl-PRS-CombSizeN
As to the exact values for the parameters, at first RAN4 needs to first decide on the PRS BW, and then check the number of repetitions needed from simulation results. 
In NR, the PRS BW can be any integer of 4 within the range from 24 to 276. It is impractical to define specific requirements for each BW, but instead one set of accuracy requirement will be defined for a group of PRS BWs. For the BW grouping, we suggest to do it base on the achievable TOA estimation resolution. Taking 15kHz SCS as an example, the achievable resolution for different PRS BWs are listed in Table 1. Within each BW group, the accuracy number should be determined by the smallest PRB number.
Table 1: PRS BW grouping for 15kHz SCS based on achievable resolution
	SCS (kHz)
	PRB num
	BW (MHz)
	FFT size
	TOA Resolution (Tc)

	15
	24-40
	5-7.5
	512
	256

	
	44-84
	10-15
	1024
	128

	
	88-168
	15-30
	2048
	64

	
	172-268
	30-50
	4096
	32


On the number of repetitions, it should be determined by checking the simulation results such that the PRS detection rate is > 90%. The worst case is small BW in fading channel, and based on our simulation results, we see no need for >1 repetition except for <=40 PRB where 2 repetitions are needed. We are also open to hear other opinions. 
Based on above discussions, we suggest to form the RSTD accuracy requirements as in Table 2.
Proposal 2: Use Table 2 as template to form RSTD accuracy requirements.
Table 2: Template for RSTD accuracy requirements
	Accuracy (Tc)
	SCS (kHz)
	PRB num
	Repetition 

	
	15/30/60/120
	24-40
	2

	
	
	44-84
	1

	
	
	88-168
	1

	
	
	172-max
	1


Applicable propagation channel for accuracy requirement
	· Applicable propagation channel for accuracy requirement: FFS
· Option 1 : No need to define the applicability with propagation channels for accuracy requirement. (e.g. TDL-C channel model with 300 ns delay spread shall be considered also)
· Option 2: Need the applicability with propagation channels for accuracy requirement (e.g. Exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 for defining the RSTD accuracy requirements.)


Based on our 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. For example, TDL-C channel model with 300 ns delay spread is particularly difficult because its first path is not the strongest path. 
Therefore, 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. 
Of course, the propagation channel models simulated by RAN4 or even those defined by 3GPP in 38.901 cannot reflect all the propagation environments in real world, so a reasonable way from our view is to state in the specification the propagation channel models based on which the accuracy requirements are derived. In this way, people who use our RAN4 specification to derive the positioning accuracy can check if the accuracy numbers are applicable for their target deployment scenario or not. 
Proposal 3: Captured in the specification the propagation channel models based on which the accuracy requirements are derived.
Group delay calibration margin
	· RAN4 needs to decide on the group delay calibration margin. 
·  margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1


There is a group delay between the UE antenna (reference point of the TOA measurement) and the UE baseband (where TOA is estimated). This group delay needs to be compensated when UE reports the RSTD measurement results, and the group delay calibration error needs to be accounted as margin in the RSTD accuracy requirements.
When the reference resource and neighbour resource are on the same PRS layer in FR1, the calibration error will be cancelled out when UE derives RSTD (TOAref - TOAneighbor), so the margin equals to zero, and this has been already agreed in [1].
When the reference resource and neighbour resource are on the same PRS layer in FR2, they may be measured with different antennal panels with different calibration error. Based on our understanding, the difference in the calibration error of different antenna panels are rather small and can be neglected in RSTD accuracy, so we suggest to define the margin equals to zero as in FR1 case. 
When the reference resource and neighbour resource are on different PRS layers, they may be impacted by different calibration error, so a margin needs to be added on top of the baseband estimation error. In LTE RSTD, this margin is 4~6 Ts. For NR, based on our initial analysis, we suggest to define this margin as 32 Tc, but we are also open to hear other opinions.
Proposal 4: Use the following margins to account for the group delay calibration error for RSTD
· 0, if reference resource and neighbour resource are on the same PRS layer
· 32Tc, reference resource and neighbour resource are on different PRS layers
Antenna panel assumption
	· Antenna panel assumption: FFS
· Option 1. RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels. 
· Option2. The requirements relaxed for the UE using different antenna panel for receiving both reference and neighbor PRS. 


On the antenna panel assumption, we do not see a clear point in defining separate accuracy requirements for RSTD measured with same panel and RSTD measured with different panels. In real world, how panels are deployed and which panel is used to take a measurement from a certain TRP are up to UE implementation, so it is not possible to define when UE should use same or different antenna panels for the reference and neighbour cell.
Proposal 5: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels.
Applicable accuracy requirement in case of HO
	· Applicable accuracy requirement in case of HO: FFS
· Option 1. Applicable accuracy requirements are not impacted by HO
· Option 2. The same RSTD measurement accuracy requirements shall apply for intra-frequency HO and inter-frequency HO, before and after the HO 


RSTD accuracy mainly depends on PRS BW and repetitions, but neither is impacted by HO. With HO, the serving frequency may be changed but the PRS frequency layer is not, so we do not see the point why applicable accuracy requirement is impacted by HO.
In our understanding, option 1 and option 2 are same, and there is no need for RAN4 to further discuss this issue. We also do not see the need to capture anything related to this issue in the specification. The RSTD measurement continues with HO, so the accuracy requirements should apply unless otherwise specified.
Proposal 6: Applicable accuracy requirements is not impacted by HO.
Conclusions
In this paper we provided our views on the RSTD measurement accuracy requirements.
Proposal 1: RSTD accuracy requirements are defined based on PRS configuration parameters of 
· PRS BW defined in number of PRBs 
· PRS SCS
· PRS repetition factor dl-PRS-ResourceRepetitionFactor * dl-PRS-NumSymbols / dl-PRS-CombSizeN
Proposal 2: Use Table 2 as template to form RSTD accuracy requirements.
Table 2: Template for RSTD accuracy requirements
	Accuracy (Tc)
	SCS (kHz)
	PRB num
	Repetition 

	
	15/30/60/120
	24-40
	2

	
	
	44-84
	1

	
	
	88-168
	1

	
	
	172-max
	1


Proposal 3: Captured in the specification the propagation channel models based on which the accuracy requirements are derived.
Proposal 4: Use the following margins to account for the group delay calibration error for RSTD
· 0, if reference resource and neighbour resource are on the same PRS layer
· 32Tc, reference resource and neighbour resource are on different PRS layers
Proposal 5: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels.
Proposal 6: Applicable accuracy requirements is not impacted by HO.
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