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1 Introduction
In previous RAN meetings, it is decided to study on indoor positioning enhancements for UTRAN and E-UTRAN [1]. System model for positioning evaluation has been approved [2] and simulation results for E-UTRAN OTDOA have been made [3][4]. However, UTRAN based indoor positioning technologies still remains unclear.
This contribution provides discussion and potential enhancements for UTRAN.
2 Comparison between UTRAN and E-UTRAN Positioning Accuracy for OTDOA indoor positioning
2.1 Bandwidth for UTRAN and E-UTRAN positioning reference signals
In the OTDOA technique, the location is determined by means of the transit time (time-of-flight) of the radio signals.

PRS for E-UTRAN can be as wide as 20MHz, which results in time resolution of 1Ts (about 32.55 ns). But for UTRAN, with 3.84 Mchip/s rate, the chip duration is 260 ns.
The radio signals travel about 0.3 meters per nanosecond.  To achieve an uncertainty of less than 50 meters in the location, the estimate requires an uncertainty in timing of less than 166 nanoseconds. That means UTRAN UE requires timing measurements of the radio signals to the sub-chip level. However, it is much easier for E-UTRAN UE to achieve better timing measurement accuracy due to the wider signal bandwidth.
2.2 Relative Time Difference Measurement Accuracy for UTRAN and E-UTRAN

OTDOA positioning method for UTRAN is defined in TR25.923. SFN-SFN observed time difference defined in TS25.215 clause 5.2.14 can be used for UE to perform OTDOA method for UTRAN. The requirements for SFN-SFN observed time difference are defined in TS25.133 clause 9.1.8 as shown in table 1. The requirements for E-UTRAN RSTD are defined in TS36.133 clause 9.1.10 as shown in table 2.

From the table, the measurement accuracy for UTRAN is ( 1 chip (( 260 ns). The measurement accuracy for E-UTRAN 10MHz is ( 5 Ts (( 162.75 ns) and for 15MHz is ( 4 Ts (( 130.2 ns).
Observation 1: E-UTRAN RSTD measurement accuracy is better than UTRAN SFN-SFN observed time difference measurement accuracy.

Table 1 SFN-SFN observed time difference measurement accuracy for UTRAN
	Parameter
	Accuracy [chip]
	Conditions

	
	
	SFN-SFN observed time difference type 1 is on Band
	Io [dBm/3,84 [MHz]

	
	
	
	Minimum Io 
	Maximum Io

	SFN-SFN observed time difference type1
	( 1
	I, IV, VI, X, XI, XIX, XXI and XXXII
	-94
	-50

	
	
	II, V and VII
	-92
	-50

	
	
	XXV and XXVI
	-90.5

(Note 1)
	-50



	
	
	III, VIII, XII, XIII, XIV, XX and XXII
	-91
	-50

	
	
	IX
	-93
	-50

	NOTE 1:
The minimum condition is -92 dBm/3.84 MHz when the carrier frequency of the assigned UTRA channel is within 869-894 MHz for the UE which supports both Band V and Band XXVI operating frequencies.


Table 2: RSTD measurement accuracy for E-UTRAN
	Accuracy
	Condition

	
	PRS Ês/Iot
	Minimum PRS
bandwidth, which is minimum of serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell i 
	Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i

	
	
	
	

	Ts
	dB
	RB
	

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50
	≥ 1

	[(4]
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 75
	≥ 1


2.3 Positioning accuracy for UTRAN and E-UTRAN

Based on previous discussions, one can infer that UTRAN positioning performance is worse than E-UTRAN one.

E-UTRAN OTDOA simulation results [3][4] show that OTDOA alone has difficulty to meet the vertical accuracy requirement (3 meters for 67% possibility). Additional technologies e.g. CID, barometer are needed.
Therefore UTRAN indoor positioning may not meet the new FCC requirements.
Observation 2: UTRAN positioning may not meet the new FCC requirement. Additional technologies need to be introduced.
3 Potential enhancements to indoor positioning technologies for UTRAN
3.1 Multi-RAT dependent positioning technologies
Multi-RAT dependent technologies may be useful to improve UTRAN indoor positioning with the following advantages.
· Diversity gains by combining multiple RATs positioning results.
· E-UTRAN based positioning technologies can be more precise than UTRAN ones due to as the wider bandwidth.

· Several potential enhancements for E-UTRAN based technologies have already been proposed [5]. Introducing multi-RAT based positioning technologies will save a lot of efforts for UTRAN based positioning. 
3.2 RAT independent positioning technologies
It is agreed in RAN1#80 meeting that 

· Barometric sensor information is relevant for this study item but will not impact RAN1 specifications

· It will be described in the TR, with detail text description FFS 

· FFS

· Further evaluations and enhancements in RAN1 for indoor positioning exclude techniques that require barometric sensing

· This does not prevent other RAN groups from considering potential extension to 3GPP protocols that include barometric sensor information

As shown in [6], RAT independent indoor positioning technologies, e.g. barometer, can greatly improve indoor positioning accuracy.  Therefore, it might be useful to introduce RAT independent technologies to UTRAN indoor positioning as well. It should be noted in the TR36.857 that RAT independent technologies such as barometric sensors can also UTRAN indoor positioning.
4 Conclusions

The analysis above suggests that UTRAN positioning might not meet the new FCC requirements. It is then suggested that hybrid positioning technologies, e.g. multi-RAT, may be useful.
Proposal: UTRAN positioning may not meet the new FCC requirement. Multi-RAT dependent positioning that combines UTRAN with other (e.g., E-UTRAN) technologies can improve positioning accuracy.
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7.1.x Multi-RAT dependent positioning technologies
Multi-RAT dependent positioning that combines UTRAN with other (e.g., E-UTRAN) technologies can improve positioning accuracy.
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