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Introduction
RRM accuracy requirements for RSTD measurements have been discussed in RAN4#98-e, and the conclusions are captured in the WF [1]. Based on our understanding, there are still some remaining open issues:
· Applicable requirements with cell change
· Applicable propagation channel for accuracy requirement
· Group delay calibration margin
· Accuracy number and dependence on PRS parameters
In this paper we will provide our views on the remaining open issues on RSTD accuracy requirements.
Discussion
Applicable requirements with cell change
	· Applicable accuracy requirement in case of any serving cell change: FFS
· Option 1: Applicable accuracy requirements are not impacted by HO. 
· Option 3 : The UE shall continue and complete an RSTD measurement while meeting RSTD measurement accuracy requirements in clause 10.1.23 even when a serving cell change occurs during the measurement.


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 3 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, and the accuracy requirements should apply unless otherwise specified.
Proposal 1: Applicable accuracy requirements is not impacted by HO.
Applicable propagation channel for accuracy requirement
	· Applicable propagation channel for accuracy requirement: FFS
· Option 1 : No need to define the applicability for propagation channels in accuracy requirement. 
· Option 2a : Captured in the specification the propagation channel models based on which the accuracy requirements are derived.
· Option 2b:  RAN4 to consider defining PRS-RSTD and UE Rx-Tx measurement accuracy requirements only for AWGN


We support option 2a or 2b.
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. 
Either option 2a or option 2b can make it clear which propagation channels the accuracy numbers would be applicable, and we do not have strong preference between them.
· Option 2a can regulate the accuracy requirements for some fading conditions, but the accuracy numbers would be worse compared to AWGN
· Option 2b would lead to a good accuracy number but would limit the applicable scenario to LOS. It is also noted that in RAN4#98-e, it was agreed that gNB measurement accuracy requirements are only defined for AWGN.
Proposal 2: Captured in the specification the propagation channel models based on which the accuracy requirements are derived, or the accuracy requirements are applicable only for AWGN.
Group delay calibration margin
	· FFS on the group delay calibration margin. 
·  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


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 3: 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

Accuracy number and dependence on PRS parameters
	· Companies are encouraged to bring PRS accuracy simulation results in RAN4 #99e for the identified set of parameters
· PRS BW defined in number of PRBs
· PRS SCS
· dl-PRS-ResourceRepetitionFactor 
· dl-PRS-NumSymbols 
· dl-PRS-CombSizeN
· Other parameters are FFS
· Note: the full set of parameters and values were included in R4-2104046 or its revision  , which will be also used as the template used to collect the simulation results also.
· In the next meeting, the exact accuracy requirements can be defined from the simulation results based on the parameter sets listed in R4-2104046 or its revision.


For TOA estimation, the resolution is determined by both the FFT size (the number of PRBs) and the symbol length (the SCS), so we suggest to consider both for the accuracy requirements. This is also aligned with our simulation results. For example, if we compare the results between {15k, 268RB} and {30k, 272RB}, the accuracy is quite different while the number of PRBs is similar.
For PRS repetition, we suggest to use PRS comb pattern as the basic unit. 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, it has already accounted for dl-PRS-NumSymbols and dl-PRS-CombSizeN. Then the effective number of repetitions can be 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 4: 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%. Based on our simulation results, 
· The gain in accuracy due to larger repetition number is not obvious for >=48RB with AWGN
· The gain in accuracy due to larger repetition number is not obvious for >=64RB with fading channel
Based on above discussions, we suggest to form the RSTD accuracy requirements as in Table 2.
Proposal 5: 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
	4

	
	
	44-84
	2

	
	
	88-168
	1

	
	
	172-max
	1


Conclusions
In this paper we provided our views on remaining issues in RSTD accuracy requirements.
Proposal 1: Applicable accuracy requirements is not impacted by HO.
Proposal 2: Captured in the specification the propagation channel models based on which the accuracy requirements are derived, or the accuracy requirements are applicable only for AWGN.
Proposal 3: 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 4: 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 5: 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
	4

	
	
	44-84
	2

	
	
	88-168
	1

	
	
	172-max
	1
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