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Introduction
In RAN4 #99-e meeting, the accuracy requirements of PRS RSTD measurement were discussed and the conclusions are captured in [1][2]. This paper will give our considerations on the group delay calibration margin and frequency drift margin.
Discussion
[bookmark: _Hlk67997947]Group delay calibration margin
	· RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. 
· FFS the exact values of the margins for FR1 and FR2 in the maintenance stage
The options summarized during the email discussion summary are shown below:
· Option 1(Huawei, Qualcomm, vivo) RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. 
· FFS the exact values of the margins for FR1 and FR2.
· Option 1a( Qualcomm, ZTE): The group delay calibration margin should scale inversely with PRS bandwidth.
· Option 2(CATT) : 
· Margin equals to zero if the reference and neighbouring resources are on the same frequency layer in FR1 and FR2. 
· Margin equals to [32Tc] when they are on different layers.


It was agreed that a non-zero group delay calibration margin will be added in the RSTD accuracy requirements. In general, timing related accuracy requirements specified in TS 38.133 are inversely proportional to the subcarrier spacing, such as UE transmitting timing accuracy and TA adjustment accuracy. For the exact values of each subcarrier spacing, the TA adjustment accuracy with 1/K scaling factor could be used as the starting point, for example 1/K=1/4 as shown in the following table. 
Table 1: Group delay margin for RSTD accuracy
	Subcarrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	Group delay margin for RSTD accuracy (1/4)
	±[64] Tc
	±[64]Tc
	±[32] Tc
	±[8] Tc


Proposal 1: Group delay margin should scale inversely with PRS subcarrier spacing. 
Proposal 2: The values of group delay margin in table 1 could be used as the starting point. 
As shown in table 2, the accuracy requirements for inter-frequency RSTD measurements are 4~6Ts larger than that of intra-frequency RSTD measurements in LTE. In NR, the intra/inter-frequency definition for RSTD measurements is not defined and the current accuracy requirements are derived based on the assumption of single PFL. However, the RSTD could be measured with PRS resources from different PFLs and an additional RF margin is needed in this scenario. The exact value of such the additional margin is expected to be smaller than 4Ts=128Tc in LTE and should also be inversely correlated with PRS subcarrier spacing and/or PRS bandwidth. For example, Tc could be used as the baseline for further discussion, where  is the subcarrier spacing configuration and P is the scaling factor due to PRS bandwidth. We are open to discuss other values for the additional margin and whether the scaling factor of PRS subcarrier spacing/bandwidth should be considered. 
Table 2: RSTD accuracy requirements in LTE
	Accuracy margin between intra-frequency and inter-frequency
	Intra-frequency Accuracy
	Inter-frequency Accuracy
	Minimum PRS
bandwidth

	Ts
	Ts 
	Ts 
	RB

	6
	15
	21
	≥ 6

	6
	10
	16
	 15

	6
	6
	10
	 25

	4
	5
	9
	 50

	4
	4
	8
	 75


Proposal 3: The value of additional margin with different PFLs should be inversely correlated with PRS subcarrier spacing and bandwidth.   

Frequency drift margin 
	· FFS on frequency drift margin
· Option 1 (Qualcomm, vivo): Additional frequency drift margin shall be added to RSTD measurement requirements.
· Option 1a(Huawei): Add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms
· Option 2(CATT): No frequency drift margin needed.
· Moderator: Agree Option 1. And the exact value for margin can be discussed in the maintenance stage.


The maximum timing change due to frequency drift is related to the frequency offset of crystal oscillator and the time separation between PRS resources. Normally, 0.1ppm frequency offset could be assumed for UE side. The time separation depends on the PRS configuration and may vary greatly. The frequency drift margin may be too large, e.g. if the periodicity of both the reference resource and neighbour resource is 1280ms, then the maximum timing change could be 0.1*1280/2 = 64ns ~ 128Tc, which is even larger than the simulated accuracy in FR2. Therefore, the time separation should be discussed firstly. The proposed +/-32Tc within 160ms in option 1a is reasonable for FR1. The frequency drift margin in FR2 should be smaller, for example +/-16Tc within 80ms time separation.   
[bookmark: _Hlk71297004]Proposal 4: The frequency drift margin for FR1 could be +/-32Tc. 
Proposal 5: The frequency drift margin for FR2 could be +/-16Tc. 
Conclusion
This paper provides our considerations on PRS-RSTD accuracy requirements and the following proposals:
[bookmark: _GoBack]Proposal 1: Group delay margin should scale inversely with PRS subcarrier spacing. 
Proposal 2: The values of group delay margin in table 1 could be used as the starting point. 
Table 1: Group delay margin for RSTD accuracy
	Subcarrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	Group delay margin for RSTD accuracy (1/4)
	±64 Tc
	±64Tc
	±32 Tc
	±8 Tc


Proposal 3: The value of additional margin with different PFLs should be inversely correlated with PRS subcarrier spacing and bandwidth.
Proposal 4: The frequency drift margin for FR1 could be +/-32Tc. 
Proposal 5: The frequency drift margin for FR2 could be +/-16Tc. 
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