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1 Introduction
In RAN4 previous meetings, companies have given discussions and simulation results on RSTD accuracy requirements [1-7].  In this contribution we will present further discussion on RSTD accuracy requirements set in the core specification.
2 Discussion
It was proposed in [6] that RSTD should be tested in different prorogation conditions, including ETU, EPA and AWGN channels. Similarly as UE Rx-Tx requirements, it is difficult to test the requirements in fading channels, while requirements tested in AWGN would be too stringent for fading channels. Therefore it is reasonable for RAN4 to provide tests on fading channels but only set the requirements in AWGN channels. However, most companies have presented the simulation results in ETU [1-5]. If RAN4 can reach an agreement on the test cases, it is also acceptable to set the requirements in ETU channel.
As we know, larger bandwidth provides better time resolution. As indicated in RAN4 simulation results [1-5], RSTD error is much dependent on the bandwidth. It is proposed to set the requirements for different bandwidths. A simple solution by splitting the requirements for smaller and larger BWs is proposed in [8], which is also a good approach to simplifying the specification.

Regarding asynchronous network, it is not necessary to set the requirements in the core specification. It is reasonable for RAN4 to provide tests both in synchronous & asynchronous network but only set the requirements in synchronous network. However, if it is felt that the requirements should also be set in asynchronous network, we think the requirements should be specified for synchronous network and asynchronous network respectively.  
In [7] a coarse implementation margin of 150ns is proposed for RSTD intra-frequency measurements, which includes about 100ns of eNB synchronization error, 50ns of eNB clock error and some other implementation imperfections including eNB transmit modulation error. For RSTD inter-frequency measurements, an extra implementation margin of 100ns is proposed referring to UMTS.
The accuracy requirements should be set according to the sum of RSTD error obtained from the simulation results and implementation margin.
3 Summary of RSTD Link Results 
In this section we summarize the RSTD link results from companies, shown in Annex A, which is obtained from [1-5, 9-10]. Note that ETU channel is considered. The figures in the table are approximately estimated from present simulation curves.
For clear comparison, we list the simulation results for 1.4MHz bandwidth in Table 1. Note that the results with assumptions of SNR set [-6dB, -13dB, -13dB] and cell set [0, 1, 2] in ETU channels are chosen for comparison based on the following considerations,

1) Companies have considered both non-overlapping case and overlapping case and hold different interpretations of PRS SNR for overlapping case while no difference for non-overlapping case.
2) If there is a mapping from Es/IoT Set to PRS SNR set as adopted in [1-2], the RSTD accuracy in the overlapping case is shown to be better than that in the non-overlapping case provided PRS SINR is the same.
Thus RSTD accuracy could be based on the assumption of SNR set [-6dB,-13dB,-13dB] and cell set [0, 1, 2].
Subframe accumulation should be applied in narrow bandwidth. Therefore 6 subframe accumulations should be tested in 1.4MHz bandwidth, as proposed in [8]. From the simulation results, RSTD accuracy is not very consistent.

Table 1 Simulation results for RSTD measurement accuracy in narrow bandwidth
	Bandwidth
	SNR
	Cell ID
	subframe accumulation
	Cell 2
	Cell 3

	
	
	
	
	error (90% Confidence)
[Ts]
	detection probability
	error (90% Confidence)
[Ts]
	detection probability

	Qualcomm (sync)

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	33.0 
	10.4%
	33.0 
	11.5%

	
	
	
	6
	22.0 
	70.9%
	22.0 
	72.1%

	Ericsson (sync)

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	6
	4.4 
	78.0%
	3.0 
	64.0%

	Huawei (sync)

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	11.0 
	37.0%
	10.0 
	38.0%

	
	
	
	6
	10.0 
	86.0%
	11.0 
	86.0%


Furthermore, we list the simulation results for 10MHz bandwidth in Table 2. Due to similar considerations for test cases in narrow bandwidth, the results are based on SNR set [-6dB,-13dB,-13dB] and cell set [0, 1, 2], with the difference that only 1 subframe is considered as proposed in [8]. From the simulation results, RSTD accuracy is quite aligned.
Table 2 Simulation results for RSTD measurement accuracy in wide bandwidth
	Bandwidth
	SNR
	Cell ID
	subframe accumulation
	Cell 2
	Cell 3

	
	
	
	
	error (90% Confidence)

[Ts]
	detection probability
	error (90% Confidence)

[Ts]
	detection probability

	Ericsson (sync)

	10MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	2
	4.7 
	99.0%
	5.4 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	4.3 
	99.0%
	5.5 
	100.0%

	
	[-6dB,-13dB,-13dB]
	[0,1,2]
	6
	1.6 
	100.0%
	1.2 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	1.5 
	100.0%
	1.0 
	100.0%

	Huawei (sync)

	10MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	5.5 
	96.0%
	5.7 
	96.0%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%


From the discussions in Section 2 and simulation results summarize above, we propose the requirement of UE RSTD measurement accuracy as follows,

Table 3 RSTD intra frequency measurement accuracy

	Parameter
	PRS Transmission
Bandwidth
[RB]
	Unit
	Accuracy [Ts]
	Conditions

	
	
	
	
	Bands 1, 4, 6, 10, 11, 33, 34, 35, 36, 37, 38, 39 and 40
	Bands 2, 5, 7, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSTD for PRS SINR1 ≥ -6dB and PRS

SINR2 ≥ -13dB
	6, 15, 25


	Ts
	( [20]
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	50, 75, 100
	
	( [10]
	
	
	
	


Table 4 RSTD inter frequency measurement accuracy

	Parameter
	PRS Transmission
Bandwidth
[RB]
	Unit
	Accuracy [Ts]
	Conditions

	
	
	
	
	Bands 1, 4, 6, 10, 11, 33, 34, 35, 36, 37, 38, 39 and 40
	Bands 2, 5, 7, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSTD for PRS SINR1 ≥ -6dB and PRS

SINR2 ≥ -13dB
	6, 15, 25


	Ts
	( [24]
	-121dBm /15kHz

…

-50dBm/ BWChannel
	-119dBm /15kHz

…

-50dBm/ BWChannel
	-118dBm /15kHz

…

-50dBm/ BWChannel
	-120dBm /15kHz

…

-50dBm/ BWChannel

	
	50, 75, 100
	
	( [14]
	
	
	
	


4 Conclusion

The following considerations on the RSTD accuracy requirements in the core specifications are given in this contribution.
· It is reasonable for RAN4 to provide tests on fading channels but only set the requirements in AWGN channels. If RAN4 can reach an agreement on the test cases, it is also acceptable to set the requirements in ETU channel.
· It is proposed to set the requirements for different bandwidths
· It is reasonable for RAN4 to provide tests both in synchronous & asynchronous network but only set the requirements in synchronous network
· An implementation margin of 150ns is proposed for RSTD intra-frequency measurements, and an extra implementation margin of 100ns is proposed for inter-frequency measurements.
Furthermore, we propose RSTD measurement accuracy.
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Annex A: Simulation Results for RSTD Accuracy
	Bandwidth
	SNR1
	Cell ID
	subframe accumulation
	Cell 2
	Cell 3

	
	
	
	
	error (90% Confidence)

[Ts]
	detection probability2
	error (90% Confidence)

[Ts]
	detection probability2

	Qualcomm (Synchronous Network )

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	33.0 
	10.4%
	33.0 
	11.5%

	
	
	
	6
	22.0 
	70.9%
	22.0 
	72.1%

	
	[20dB,-13dB,-13dB]
	
	1
	28.0 
	14.6%
	28.0 
	15.5%

	
	
	
	6
	20.0 
	71.6%
	20.0 
	70.6%

	
	[-6dB,-13dB,-13dB]
	[0,3,6]
	1
	42.0 
	11.4%
	55.0 
	14.9%

	
	
	
	6
	22.0 
	99.3%
	27.0 
	72.4%

	
	[20dB,-13dB,-13dB]
	
	1
	30.0 
	13.9%
	64.0 
	100.0%

	
	
	
	6
	21.0 
	70.4%
	62.0 
	100.0%

	Nokia (Synchronous Network)

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	75
	98%
	75
	95%

	
	[-13dB,-13dB,-13dB]
	
	
	90
	98%
	90
	95%

	
	[-6dB,-13dB,-13dB]
	[0,3,6]
	
	75
	98%
	80
	95%

	
	[-13dB,-13dB,-13dB]
	
	
	90
	98%
	90
	95%

	
	[-6dB,-13dB,-13dB]
	[0,6,12]
	
	70
	99%
	90
	98%

	
	[-13dB,-13dB,-13dB]
	
	
	95
	94%
	95
	94%

	Ericsson (Synchronous Network)

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	6
	4.4 
	78.0%
	3.0 
	64.0%

	
	[6dB,-13dB,-13dB]
	
	
	3.5 
	78.0%
	2.5 
	58.0%

	
	[-6dB,-13dB,-13dB]
	[0,3,6]
	
	4.1 
	78.0%
	3.0 
	67.0%

	
	[6dB,-13dB,-13dB]
	
	
	3.7 
	78.0%
	2.1 
	61.0%

	
	[-6dB,-13dB,-13dB]
	[0,6,12]
	
	4.1 
	68.0%
	2.1 
	68.0%

	
	[6dB,-13dB,-13dB]
	
	
	2.8 
	64.0%
	2.3 
	75.0%

	10MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	2
	4.7 
	99.0%
	5.4 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	4.3 
	99.0%
	5.5 
	100.0%

	
	[-6dB,-13dB,-13dB]
	[0,3,6]
	
	5.3 
	99.0%
	5.7 
	100.0%

	
	[6dB,-13dB,-13dB
	
	
	5.3 
	99.0%
	4.8 
	99.0%

	
	[-6dB,-13dB,-13dB]
	[0,6,12]
	
	5.2 
	99.0%
	5.5 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	5.3 
	100.0%
	5.4 
	100.0%

	
	[-6dB,-13dB,-13dB]
	[0,1,2]
	6
	1.6 
	100.0%
	1.2 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	1.5 
	100.0%
	1.0 
	100.0%

	
	[-6dB,-13dB,-13dB]
	[0,3,,6]
	
	1.1 
	100.0%
	0.9 
	100.0%

	
	[6dB,-13dB,-13dB
	
	
	1.0 
	100.0%
	1.0 
	100.0%

	
	[-6dB,-13dB,-13dB]
	[0,6,12]
	
	1.6 
	100.0%
	1.5 
	100.0%

	
	[6dB,-13dB,-13dB]
	
	
	1.7 
	100.0%
	0.8 
	100.0%

	Ericsson (Asynchronous Network )

	10MHz
	[6dB,-13dB,-13dB]
	[0,1,2]
	4
	6.2 
	98.0%
	6.6 
	91.0%

	
	
	[0,3,6]
	
	7.0 
	87.0%
	6.2 
	88.0%

	
	
	[0,6,12]
	
	5.5 
	93.0%
	6.5 
	86.0%

	
	
	[0,1,2]
	6
	5.7 
	100.0%
	5.5 
	98.0%

	
	
	[0,3,6]
	
	5.8 
	97.0%
	5.9 
	99.0%

	
	
	[0,6,12]
	
	5.4 
	100.0%
	6.0 
	95.0%

	Huawei (Synchronous Network )

	1.4MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	11.0 
	37.0%
	10.0 
	38.0%

	
	
	
	6
	10.0 
	86.0%
	11.0 
	86.0%

	
	
	[0,6,12]
	1
	12.0 
	33.0%
	12.0 
	32.0%

	
	
	
	6
	11.0 
	91.0%
	11.0 
	91.0%

	
	[9.5dB,-13dB,-13dB]
	[0,1,2]
	1
	8.0 
	7.0%
	7.0 
	21.0%

	
	
	
	6
	7.0 
	62.0%
	10.0 
	79.0%

	
	
	[0,6,12]
	1
	35.0 
	55.0%
	50.0 
	61.0%

	
	
	
	6
	14.0 
	98.0%
	13.0 
	92.0%

	10MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	1
	5.5 
	96.0%
	5.7 
	96.0%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%

	
	
	[0,6,12]
	1
	5.8 
	97.0%
	5.7 
	96.0%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%

	
	[9.5dB,-13dB,-13dB]
	[0,1,2]
	1
	7.0 
	94.0%
	6.8 
	95.0%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%

	
	
	[0,6,12]
	1
	6.0 
	98.0%
	6.2 
	98.0%

	
	
	
	6
	0.9 
	100.0%
	1.0 
	100.0%

	Huawei (Asynchronous Network )

	10MHz
	[-6dB,-13dB,-13dB]
	[0,1,2]
	2
	3.9 
	99.8%
	3.8 
	99.8%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%

	
	
	[0,6,12]
	2
	3.9 
	99.8%
	3.8 
	99.8%

	
	
	
	6
	1.0 
	100.0%
	1.0 
	100.0%

	
	[6dB,-13dB,-13dB]
	[0,1,2]
	2
	7.3 
	91.5%
	7.3 
	93.2%

	
	
	
	6
	2.7 
	99.9%
	2.4 
	100.0%

	
	
	[0,6,12]
	2
	8.1 
	81.7%
	7.3 
	88.1%

	
	
	
	6
	4.0 
	99.3%
	3.0 
	99.6%

	Note 1: In the table SNR assumed by Qualcomm and Nokia is Es/IoT, while it is assumed as SINR by Huawei and Ericsson.  
Note 2: The false alarm rate is 1% assumed by Qualcomm, Ericsson and Huawei, while no false alarm rate is assumed by Nokia.





















































