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1 Introduction

Rel-14 FeMTC supports OTDOA positioning feature. Both RAN1 and RAN4 considered but decided not to tighten any accuracy requirement in Rel-14 compared to legacy LTE.
Valuable use cases for eMTC device positioning, e.g. property tracking, generally require 100 meters accuracy to be able to verify if, for example, the item of property is still nearby. For more demanding cases, up to 50 meters accuracy is favorable which can allow a user see the target device by eyesight. However, current Rel-14 FeMTC OTDOA may not meet such requirements.
In this paper, we provide a new PRS hopping design in order to improve accuracy by coherent detection over several narrowbands.  It is proposed to add an objective to the Rel-15 eFeMTC WID: Specify PRS frequency hopping to support coherent detection of PRS over multiple narrowbands, with associated RAN4 requirements.
2 Discussion
2.1 Background and Motivation 

Both RAN1 and RAN4 considered but decided not to tighten any accuracy requirement in Rel-14 compared to legacy LTE.  The large repetition introduced by RAN1 is used to provide coverage enhancement.
FeMTC consists of Cat-M1 with 6 RB RF BW and Cat-M2 with 25 PRB RF BW. Legacy 6RB LTE UE OTDOA measurement accuracy requirement is (15Ts as shown in table 1 according to TS36.133. The positioning accuracy is around 150 meters (15Ts*32ns/Ts*3e8m/s=144m considering geometry factor = 1).  A 5 MHz LTE UE can reach (6Ts measurement accuracy according to TS36.133, which is equivalent to around 60 meters. Due to 1Rx antenna and limited sampling rate, the positioning accuracy requirement for FeMTC UE may be relaxed. For CEModeB when SNR is lower, the positioning accuracy may be relaxed further. 

Observation 1:  For  less challenging eMTC applications provisioned by, e.g. Cat-M1 UE, the positioning accuracy is limited to (15Ts (around 150m)

Observation 2: For more challenging eMTC applications provisioned by, e.g. Cat-M2 UE, the positioning accuracy is limited to (6Ts (around 60m)
Valuable use cases for eMTC device positioning, e.g. property tracking, generally require 100 meters accuracy to be able to verify if, for example, the item of property is still nearby. For more demanding cases, up to 50 meters accuracy is favorable which can allow a user see the target device by eyesight. However, current Rel-14 FeMTC OTDOA may not meet such requirements.
Table1: Extract from TS36.133 Table 9.1.10.1-1:RSTD measurement accuracy

	Accuracy
	PRS Ês/Iot
	Minimum PRS
Bandwidth among the cells

	Ts Note 2
	dB
	RB
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	(10
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 15

	(6
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 25

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50

	(4
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 75


As shown in table1 from TS36.133, in order to meet the above requirements, for a Cat-M1 UE with 6RB RF BW, it should perform to the accuracy of a 15-25 RB PRS measurement bandwidth. For a Cat-M1 UE with 25 RB RF BW, it should perform to the accuracy of a 96 RB PRS measurement bandwidth.
Frequency hopping can be used to extend UE RF bandwidth by coherent detection over multiple narrowbands. 
Rel-14 FeMTC introduces PRS hopping for 6 RB PRS. The Rel-14 PRS hopping design provides limited gain since coherent detection over narrowband is difficult. As shown in Figure 1, current Rel-14 PRS frequency hopping interval is one PRS occasion. Coherent combining over several PRS occasions is difficult because the channel is very likely to change over such a time duration. Also the precoding may change over different PRS occasions since RAN1 only agreed that UE can assume that the precoding is the same over one PRS occasion. The Rel-14 PRS hopping only apply to 6 RB PRS. Cat-M2 UEs cannot benefit from a wider bandwidth of frequency hopping to increase accuracy.
RAN1#88 meeting agreement:
· Starting point of PRS frequency hopping

· The first subframe of the first PRS occasion in a legacy PRS period

· Supported PRS bandwidth for frequency hopping 

· 6 PRBs
· Frequency hopping interval:
· one PRS occasion
· The UE can assume that the precoding is the same over one PRS occasion (i.e. legacy behavior).
2.2 New solution and feasibility analysis
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Figure 1: Current Rel-14 PRS hopping pattern with 1 PRS occasion frequency hopping interval
The accuracy of eMTC OTDOA positioning would be increased if solutions were considered to allow the UE to perform coherent combining over more narrowbands. If the Cat-M1 UE could rely on being able to combine transmissions over 4 narrowbands, it would measure 5 MHz of PRS made up from 6 RB PRS transmissions, with a measurement accuracy equivalent to 24 RB PRS ((6Ts, around 60m). A Cat-M2 UE could measure 20 MHz PRS with 24 RB PRS per wideband and with similarly 4 widebands could have a measurement accuracy equivalent to to 96RB PRS ((4 Ts, around 40m). A frequency hopping interval of 
1-2 ms would support this operation, which would allow coherent detection in a typical low mobility environment assuming 4-16ms coherent time. With this kind of increased frequency hopping rate over the same occupied bandwidth, accuracy enhancements can be achieved in the same PRS spectrum allocation as Rel-14 eMTC.
Table1: Example of accuracy requirement for enhanced eMTC OTDOA frequency hopping 
	Accuracy
	PRS Ês/Iot
	Number of narrowbands or widebands for frequency hopping
	UE RF bandwidth

	Ts Note 2
	dB
	
	RB
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	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
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	(4
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	4
	25


In Figure 1, we show an example of RSTD accuracy assuming that PRS frequency hop with narrowband granularity every 1 ms, with a range of UE retuning times. This shows that even taking into account timing alignment error after each hop by the UE, the positioning accuracy is still good.
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Figure 2: Coherent detection over 4 narrowbands, i.e.  24 RBs of PRS with 6 RB PRS frequency hopping, considering different UE retuning time error in ETU30 channel.
Therefore, we make the following proposal:

Proposal: Add the following objective to the Rel-15 eFeMTC WID:

· Specify PRS frequency hopping to support coherent detection of PRS over multiple narrowbands/widebands without an increase in the transmitted bandwidth of PRS, including associated RAN4 requirements. [RAN1, RAN4, RAN2]
The TU availability should not be an issue since RAN1 has essentially completed its work on CRS muting and 64-QAM PDSCH already in 1 quarter. The RAN4 work should be minimal since the existing TS 36.133 requirements for OTDOA in 25 and 75 RBs could be used as a baseline and revisited taking account of UE complexity.
3 Conclusion
eMTC UEs can exploit only limited coherent combining of PRS for OTDOA measurements due to the frequency hopping design of Rel-14 eMTC OTDOA. An effective wider bandwidth of PRS measurements with consequent accuracy improvements could be enabled by taking more advantage of the frequency hopping capability of eMTC UEs supporting OTDOA. Therefore, we make the following proposal:
· Proposal: Add the following objective to the Rel-15 eFeMTC WID:

· Specify PRS frequency hopping to support coherent detection of PRS over multiple narrowbands/widebands without an increase in the transmitted bandwidth of PRS, including associated RAN4 requirements. [RAN1, RAN4, RAN2]
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