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1 Introduction
In [1], it is indicated that the current RSTD measurement accuracy of BW<5MHz may be not good enough for specific positioning requirement, such as FCC requirement. But it still needs detailed analysis through simulation campaign to achieve a conclusion. In order to investigate the positioning performance under current accuracy requirement, the RSTD accuracy requirement can be mapped to distance difference error in the simulation during estimating UE geographic location.
On the other hand, in last RAN4 meeting a CR of correction of PRS BW definition for RSTD measurements [2] was approved to update the Rel-9 RSTD measurement accuracy requirements, while the RSTD measurement accuracy requirements for Rel-10 and later release is left to be FFS in RAN4 #62bis meeting. In the case that the system BW of serving cell is smaller than the PRS BW for Rel-10 and later, it is significant to update the accuracy requirement which can achieve a trade-off between UE complexity and positioning performance.
Thus, the remaining issues can be summarized as:

· Which RSTD measurement accuracy requirement is reliable under small PRS BW to meet specific positioning requirement?

· How to update RSTD measurement accuracy requirements when the system BW of serving cell is smaller than the PRS BW for Rel-10 and later?
In this contribution, these two remaining issues are further analyzed, and based on the simulation results the corresponding proposals are provided.
2 Discussion
2.1  Issue 1: RSTD accuracy requirement under small PRS BW
The current intra-frequency RSTD measurement accuracy requirement is defined as，
Table 1. Intra-frequency RSTD measurement accuracy requirement

	Parameter
	Minimum PRS 

bandwidth between the reference cell and the measured neighbour cell
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20, 22
	Bands

9, 41, 42, 43

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	6
	Ts
	±15
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±6
	
	
	
	
	

	
	(50
	≥1
	
	±5
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].

Note 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].


For PRS bandwidth 1.4MHz, the RSTD measurement accuracy is ±15 Ts, i.e. the UE whose RSTD measurement error is smaller than 15Ts in 1.4MHz can pass the test case. However, for practical positioning, the UE who has met current core requirement may still fail to meet the specific positioning requirement, such as FCC requirement on positioning (67%@50m, 95%@150m). In order to verify whether the current requirement can fulfil the FCC positioning accuracy or not, we use the accuracy requirement as an inputted measurement error in the UE location estimation simulations. In the simulation, the real RSTD used for location estimation is composed of ideal RSTD (can be directly obtained from simulator) and RSTD measurement error.
Take 1.4MHz for example: in intra-frequency RSTD measurement accuracy test cases of 1.4MHz, UE can pass the test if its RSTD measurement error does not exceed range of [-15, +15]Ts with probability more than 90%. Based on this testing criterion, the RSTD measurement error in our simulation can be generated as a random value based on the normal distribution with mean 0Ts and standard deviation ‘sigRstd’ which are configured to fulfil that the cumulative probability of abs(RSTD uncertainty)> 15Ts (abs: absolute value) is less than 10%. 
From the mathematic deducing, the sigRstd for different RSTD measurement accuracy levels can be summarized as follows
Table 2. sigRstd for different RSTD accuracy
	RSTD measurement accuracy (Ts)
	sigRstd (Ts)

	±5
	3.04

	±6
	3.65

	±7
	4.30

	±8
	4.95

	±9
	5.49

	±10
	6.04

	±11
	6.70

	±12
	7.32

	±13
	7.93

	±14
	8.56

	±15
	9.28


And Chan positioning algorithm [3] is used as a baseline method in the simulation for location estimation.  The positioning performance can be drawn as follows. Cases of different positioning cell number (3-6) are evaluated, and max positioning cell number means all cells whose PRS can be detected participate in the location estimation.
Table 3. The positioning performance of 1.4MHz and 5MHz
	1.4MHz: RSTD measurement accuracy = ±15Ts
	5MHz: RSTD measurement accuracy = ±6Ts
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From the simulation results the observations can be obtained,

Observation 1: the positioning accuracy performance under 1.4MHz of RSTD accuracy=±15Ts cannot meet the FCC positioning requirement.
Observation 2: the positioning accuracy performance under 5MHz of RSTD accuracy=±6Ts can meet the FCC positioning requirement except the case of positioning cell number <4.

In the previous RAN1 and RAN4 discussions, it is likely the detectable positioning cell number is more than 3 because of the PRS hearability. Thus the positioning accuracy performance of PRS BW=5MHz can also meet the FCC positioning requirement.
In our understanding, it is significant to find a relationship between RSTD accuracy and positioning accuracy to capture the actual positioning performance for operators. Although the location estimation algorithm is implementation specific and different algorithms may have different gains, the baseline positioning performance could be evaluated based on baseline method such as Taylor-series method and Chan method, which is useful for evaluating the measurement accuracy.
In order to find the ‘threshold point’ which is the worst measurement accuracy to meet the FCC positioning requirements, we check the positioning accuracy performance from RSTD measurement accuracy =±5Ts to ±10Ts one by one with the step size = 1Ts, and the different positioning cell number are also investigated in simulation. The detailed simulation results are shown in the following table,
Table 4. Simulation results of positioning performance
	Positioning cell num = 3
	Positioning cell num = 4

	[image: image3.png]CDF

positioning accuracy performance(Positioning cell number = 3)

——— RSTD measurement accuracy = +5Ts
———— RSTD measurerent accuracy = +6Ts
~ RSTD measurement accuracy = +7Ts

RSTD measurement accuracy = +-8Ts
——— RSTD measurerent accuracy = +9Ts
——— RSTD measurement accuracy = +-10Ts
——— RSTD measurement accuracy = +-11Ts
——— RSTD measurement accuracy = +-12Ts
——— RSTD measurement accuracy = +-13Ts
~—— RSTD measurement accuracy = +-14Ts
~ RSTD measurement accuracy = +-15Ts
(i 50 100 150 200 250 300
m





	[image: image4.png]CDF

09

08

07

06

05

04

03

02

01

positioning accuracy performance(Positioning cell number = 4)

——— RSTD measurement accuracy = +5Ts
———— RSTD measurerent accuracy = +6Ts
~ RSTD measurement accuracy = +7Ts

RSTD measurement accuracy = +-8Ts
——— RSTD measurerent accuracy = +9Ts
——— RSTD measurement accuracy = +-10Ts
——— RSTD measurement accuracy = +-11Ts
——— RSTD measurement accuracy = +-12Ts
——— RSTD measurement accuracy = +-13Ts
~—— RSTD measurement accuracy = +-14Ts
~ RSTD measurement accuracy = +-15Ts

150 200 250 300
m





	Positioning cell num = 5
	Positioning cell num = 6
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From the simulation results the observations can be obtained,

Observation 3: FCC positioning requirement can be met with max positioning cell number when RSTD measurement accuracy=±10Ts.

Observation 4: the threshold point of RSTD measurement accuracy becomes loose when the positioning cell number increases.
Based on the above analysis, the RSTD accuracy requirement makes no sense if this requirement fails to meet the practical positioning requirement. Although the positioning requirements in different countries or areas may be different, the baseline RSTD accuracy requirement also shall be re-considered carefully based on the operators’ inputs.
Regarding some implementation margin in the practical positioning, from the network performance perspective ±6Ts is a reasonable threshold point for RSTD measurement accuracy to meet the FCC positioning requirement. However UE complexity and capability shall be also taken into account, i.e. for PRS BW≥5MHz the current RSTD measurement accuracy requirement can apply to meet the FCC positioning requirement, whilst for PRS BW<5MHz it is FFS whether the RSTD measurement needs to be updated to ±(6+Δ)Ts to approach the FCC positioning requirement. Δ is the margin based on UE implementation complexity and Δ≤9Ts, and it needs further evaluation to define proper Δ based on UE capability.
Thus the proposal is given as follows:

Proposal 1: for PRS BW≥5MHz the current RSTD measurement accuracy requirement can apply to meet the FCC positioning requirement, whilst for PRS BW<5MHz it is FFS whether the RSTD measurement shall be updated from UE capability. 
2.2 Issue 2: RSTD measurement accuracy requirements when system BW < PRS BW
In the last meeting, the RSTD measurement accuracy requirements for Rel-10 and later release is left to be FFS. Regarding the UE complexity, the PRS bandwidth in Rel-9 RSTD accuracy requirement has defined as the minimum bandwidth between the serving cell channel BW, the reference cell and the measured neighbour cell PRS BW. However, from the positioning performance perspective, if the serving cell system BW<5MHz and minimum PRS bandwidth between the reference cell and the measured neighbour cell is bigger than or equal to 5MHz, using the serving cell system BW for PRS measuring will results in bad positioning performance as shown in table 3. And from the simulation results in section 2.1, the positioning accuracy performance of PRS BW=5MHz can meet the FCC positioning requirement, and in our understanding it is a reliable positioning performance. In order to address the practical positioning issue under current requirement, with regarding the trade-off between UE complexity and positioning performance we propose to update the Rel-10 and later intra-frequency RSTD accuracy requirement as,

Proposal 2: 
· Intra-frequency RSTD measurement accuracy requirement for R10/R11:
Table 9.1.10.1-1: RSTD measurement accuracy

	Parameter 
	Minimum PRS 
bandwidthNote4 
[RB] 
	Minimum number 
of available measurement subframes between the reference cell and the measured neighbour cell 
	Unit 
	Accuracy [Ts] 
	Conditions 

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39 and 40 
	Bands 2, 5, 7 
	Bands 
3, 8, 12, 13, 14, 17, 20 
	Band 
9 

	
	
	
	
	
	Io 
	Io 
	Io 
	Io 

	 RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB 
	(6 
	6 
	 TS 
	( 15 
	-121dBm /15kHz 
… 
-50dBm/ BWchannel
	-119dBm /15kHz 
… 
-50dBm/ BWchannel 
	-118dBm /15kHz 
… 
-50dBm/ BWchannel 
	-120dBm /15kHz 
… 
-50dBm/ BWchannel 

	
	(25 
	(2 
	
	( 6 
	
	
	
	

	
	 (50 
	(1 
	
	( 5 
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 
Note 2:
Ts is the basic timing unit defined in 3GPP TS 36.211 [16]. 
Note 3:
Reference cell and neighbour’s PRS bandwidths are as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].
Note 4:         If the serving cell BW<5MHz, the minimum PRS bandwidth equals to the minimum bandwidth between the reference cell and the measured neighbour cell. If the serving cell BW≥5MHz, the minimum PRS bandwidth equals to the minimum bandwidth among the serving cell, the reference cell and the measured neighbour cell.


For inter-frequency RSTD accuracy requirement, there are two cases: (1) one of the positioning cells is on the frequency same as serving cell, (2) all the positioning cells are on frequencies different from serving cell. For case (1), the similar updates like intra-frequency RSTD accuracy requirement can apply. For case (2), the PRS BW could be different from the system BW on serving cell frequency. Thus, in order to align these two cases, in our understanding the similar updates like intra-frequency RSTD accuracy requirement can apply for the inter-frequency RSTD measurement accuracy requirement.

However as the inter-frequency measurement margin shall be taken into account, the absolute accuracy of inter-frequency accuracy requirement will still be worse than the intra-frequency RSTD accuracy requirement.  The inter-frequency RSTD accuracy requirements are proposed here to be updated as,
Proposal 3:
· Inter-frequency RSTD measurement accuracy requirement for R9:
Table 9.1.10.2-1: RSTD measurement accuracy
	Parameter
	Minimum 
bandwidth between the serving cell channel BW,  the reference cell and the measured neighbour cell
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20, 22
	Bands

9, 41, 42, 43

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	≥4
	Ts
	±21
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±10
	
	
	
	
	

	
	(50
	≥1
	
	±9
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].

Note 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].


· Inter-frequency RSTD measurement accuracy requirement for R10/R11:
Table 9.1.10.2-1: RSTD measurement accuracy
	Parameter
	Minimum PRS 
bandwidthNote4 
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20, 22
	Bands

9, 41, 42, 43

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	≥4
	Ts
	±21
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±10
	
	
	
	
	

	
	(50
	≥1
	
	±9
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].

Note 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].
Note 4:         If the serving cell BW<5MHz, the minimum PRS bandwidth equals to the minimum bandwidth between the reference cell and the measured neighbour cell. If the serving cell BW≥5MHz, the minimum PRS bandwidth equals to the minimum bandwidth among the serving cell, the reference cell and the measured neighbour cell.


3 Conclusion
In this contribution, the remaining issues of RSTD measurement accuracy requirement are addressed in this paper, and three proposals are provided as follows. The corresponding CRs are as shown in [4] [5][6].
Proposal 1: for PRS BW≥5MHz the current RSTD measurement accuracy requirement can apply to meet the FCC positioning requirement, whilst for PRS BW<5MHz it is FFS whether the RSTD measurement can be updated from UE capability. 
Proposal 2: Intra-frequency RSTD measurement accuracy requirement for R10/R11:

Table 9.1.10.1-1: RSTD measurement accuracy

	Parameter 
	Minimum PRS 
bandwidthNote4 
[RB] 
	Minimum number 
of available measurement subframes between the reference cell and the measured neighbour cell 
	Unit 
	Accuracy [Ts] 
	Conditions 

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39 and 40 
	Bands 2, 5, 7 
	Bands 
3, 8, 12, 13, 14, 17, 20 
	Band 
9 

	
	
	
	
	
	Io 
	Io 
	Io 
	Io 

	 RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB 
	(6 
	6 
	 TS 
	( 15 
	-121dBm /15kHz 
… 
-50dBm/ BWchannel
	-119dBm /15kHz 
… 
-50dBm/ BWchannel 
	-118dBm /15kHz 
… 
-50dBm/ BWchannel 
	-120dBm /15kHz 
… 
-50dBm/ BWchannel 

	
	(25 
	(2 
	
	( 6 
	
	
	
	

	
	 (50 
	(1 
	
	( 5 
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 
Note 2:
Ts is the basic timing unit defined in 3GPP TS 36.211 [16]. 
Note 3:
Reference cell and neighbour’s PRS bandwidths are as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].
Note 4:         If the serving cell BW<5MHz, the minimum PRS bandwidth equals to the minimum bandwidth between the reference cell and the measured neighbour cell. If the serving cell BW≥5MHz, the minimum PRS bandwidth equals to the minimum bandwidth among the serving cell, the reference cell and the measured neighbour cell.


Proposal 3:
· Inter-frequency RSTD measurement accuracy requirement for R9:

Table 9.1.10.2-1: RSTD measurement accuracy
	Parameter
	Minimum 
bandwidth between the serving cell channel BW,  the reference cell and the measured neighbour cell
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20, 22
	Bands

9, 41, 42, 43

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	≥4
	Ts
	±21
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±10
	
	
	
	
	

	
	(50
	≥1
	
	±9
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].

Note 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].


· Inter-frequency RSTD measurement accuracy requirement for R10/R11:
Table 9.1.10.2-1: RSTD measurement accuracy
	Parameter
	Minimum PRS 
bandwidthNote4 
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20, 22
	Bands

9, 41, 42, 43

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	≥4
	Ts
	±21
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±10
	
	
	
	
	

	
	(50
	≥1
	
	±9
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].

Note 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].
Note 4:         If the serving cell BW<5MHz, the minimum PRS bandwidth equals to the minimum bandwidth between the reference cell and the measured neighbour cell. If the serving cell BW≥5MHz, the minimum PRS bandwidth equals to the minimum bandwidth among the serving cell, the reference cell and the measured neighbour cell.
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