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1
Introduction
When the minimum PRS bandwidth is smaller than 25 RBs, the RSTD measurement accuracy is defined to be ±15 Ts in TS 36.133 [1], which implies OTDOA may not good enough to provide location solution for E911 emergency service for carrier with bandwidth being smaller than 5MHz. 
This issue also relates to recent discussion on limiting the RSTD measurement BW not exceeding the serving cell BW. It leads to another difficult situation that when carriers with BW smaller than 5MHz is used as serving cell, the positioning solution of OTDOA may not be good enough to support E911 positioning even if the neighbouring carrier bandwidth is larger than 5MHz. 

In this paper, we discuss of this important issue, and make some suggestions on how to mitigate it. 
2
Discussions

RSTD measurement accuracy depends on a number of factors. a) PRS signals quality for the reference cell and measured neighbour cell; b) the minimum PRS bandwidth between the reference cell and the measured neighbour cell; and c) the minimum number of available measurement PRS subframes between the reference cell and the measured neighbour cell. 

RSTD measurement accuracy requirements were developed by the efforts of many companies with extensive simulations [e.g., 2 – 10]. The final requirements were defined with trade-offs from UE implementation complexity and positioning performance requirements, as shown in Table 9.1.10.1-1 for intra-frequency RSTD  and Table 9.1.10.2-1 for inter-frequency RSTD in TS 36.133. 
Table 9.1.10.1-1: RSTD measurement accuracy
	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].


As shown in above table, when the minimum PRS bandwidth is smaller than 25 RBs, the RSTD measurement accuracy is defined to be ±15, much worse than the cases when minimum PRS bandwidth is 25RBs or larger. Considering 1 Ts (1/30.720 (s) timing error will result in about 10meter error in distance, ±15 Ts RSTD measurement error would make the positioning error far exceed the FCC positioning accuracy requirements (100m, 67% and 300m, 95%) for E911 emergency services. It implies OTDOA will not be suitable to provide location solution for E911 emergency applications if carrier bandwidth is smaller than 5MHz.

In last RAN4 meeting, there was discussion on limiting the RSTD measurement BW not exceeding the serving cell BW. If that is agreed, then it leads to another difficult situation that when carriers with BW smaller than 5MHz is used as serving cell, the positioning solution of OTDOA will not be good enough to support E911 positioning even if the neighbouring carrier bandwidth is larger than 5MHz, since the RSTD measurement BW will be limited smaller than 25RBs by the serving cell bandwidth.
It is understandable that the accuracy of RSTD measurements with smaller PRS bandwidth is worse than those measured with wider PRS bandwidth, when the number of available PRS subframes is the same. However, higher RSTD accuracy could be achieved if more PRS subframes are available for the UE to measure RSTD. Also, more PRS subframes provide the UE with more opportunity for PRS detection, and thereby, increase the detection reliability. 
Another issue is that the current specification is defined assuming the RSTD resolution is limited by the data sampling rate corresponding to the carrier bandwidth. For smaller bandwidth, oversampling approach could still be used to increase the RSTD resolution, which in turn makes the RSTD accuracy no longer limited by low RSTD resolution. This could be defined as an option for UEs that are designed to be able to provide RSTD measurements accurate enough to meet FCC requirements even for smaller carrier bandwidth.
The final RSTD accuracy should be limited by the PRS bandwidth, but mainly determined by the total number of PRS RBs available for each RSTD measurement. For example, if PRS bandwidth is 15RBs and PRS subframes available for RSTD measurements is 4, the total PRS RBs available for each RSTD measurement will be 60RBs. In this case, we should expect similar RSTD accuracy as currently defined for PRS bandwidth 25RBs and 50RBs where the total number of PRS RBs available for each RSTD measurement is only 50RBs for both cases.

Therefore, we have the following two proposals:

1) Add another PRS configuration into Table 9.1.10.1-1 and Table 9.1.10.2-1 to allow the UE to provide the similar RSTD measurement accuracy for the carrier bandwidth 3MHz. The configuration contains 4 PRS subframes, which make total PRS RBs available for RSTD measurements to be 4*15=60RBs, which is 10RBs more than the configurations for PRS bandwidth 50RBs or 25RBs. Because of this, we should expect to have similar RSTD measurement accuracy as the configurations for PRS bandwidth 50RBs or 25RBs. If this is agreeable, operators with carrier bandwidth 3MHz could still use OTDOA to provide positioning solutions for E911 emergency services.
Table 9.1.10.1-1: RSTD measurement accuracy
	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

	
	(15
	≥ 4
	
	[±6]
	
	
	
	
	

	
	(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].


2) Add optional requirements that for UEs to be designed to provide RSTD measurements accurate enough to meet FCC requirements even for smaller carrier bandwidth.

Table 9.1.10.1-x: RSTD measurement accuracy (Optional)
	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
	[±8]
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	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:      This table defines an optional requirements for the UE that provide more accurate RSTD

 measurements for PRS bandwidth >=6 than defined in Table 9.1.10.1-1.


3
Conclusion
In this contribution, we identified the problem that RSTD measurement accuracy is not good enough for meeting FCC positioning requirement when PRS bandwidth is smaller 25 RBs as defined in current requirements. To mitigate the problem, it was proposed:

· Modify the current requirements by adding the RSTD accuracy requirements when minimum PRS bandwidth of 15 RBs, which will allow operators with carrier bandwidth 3MHz to use OTDOA to provide positioning solutions that meet FCC requirements for E911 emergency services.

· Add an optional RSTD accuracy requirement for minimum PRS bandwidth of 6 RBs, which will allow operators with carrier bandwidth 1.4MHz to use OTDOA to provide positioning solutions that meet FCC requirements for E911 emergency services.
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