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1 Introduction

Rel-14 FeMTC supports OTDOA positioning for BL/CE UEs. 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 for low end IoT device in order to make sure that the property is still nearby. For mid-to-high end eMTC devices, within 50 meters accuracy is favorable. Thus people can see the target device by eyesight. However, current Rel-14 FeMTC OTDOA may not meet the demand. 

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 either the Rel-15 eFeMTC WID or the Rel-15 positioning enhancements WID.
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 6RB RF BW and Cat-M2 with 5MHz RF BW. Legacy 6RB LTE UE OTDOA measurement accuracy requirement is (15Ts as shown in table 1 as defined in TS36.133. The positioning accuracy is around 150 meter (15Ts*32ns/Ts*3e8m/s=144m considering geometry factor = 1).  5MHz LTE UE can reach (6Ts measurement accuracy as defined in TS36.133, which is around 60 meter. 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 low end Rel-14, e.g. Cat-M1 UEs, the positioning accuracy is equal or worse than (15Ts (around 150m)

Observation 2: For mid-to-high end Rel-14, e.g. Cat-M2 UEs, the positioning accuracy is equal or worse than (6Ts (around 60m)

Valuable use cases for eMTC device positioning, e.g. property tracking, generally require 100 meters accuracy for low end devices in order to make sure that the property is still nearby. For mid-to-high end devices, within 50 meters accuracy is favorable. Thus people can see the target device by eyesight. However, current Rel-14 FeMTC OTDOA may not meet the demand. 
Positioning accuracy is strongly affected by PRS measurement bandwidth. As shown in table 1, the reference signal time of arrival difference (RSTD) measurement accuracy of PRS with respect to the ideal time of arrival difference is degraded for the narrow band. 

Table 1: Extract from TS 36.133, Table 9.1.10.1-1: RSTD measurement accuracy

	Accuracy
	PRS Ês/Iot
	Minimum PRS
Bandwidth among the cells

	Ts Note 2
	dB
	RB

	(15
	(PRS Ês/Iot)ref ≥-6dB
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(PRS Ês/Iot)i ≥-13dB
	≥ 6

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	(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 table 1, in order to meet the above requirements, for Cat-M1 UEs with 6RB RF BW, it should access 15-25RB PRS measurement bandwidth. For Cat-M2 UEs with 25RB RF BW, it should access 96RB PRS measurement bandwidth.
Currently, a 6RB eMTC UE can only access 6RB for RSTD measurement. with a PRS hopping as shown in Figure 1a. The Rel-14 PRS hopping design provides limited gain since coherent detection over narrowbands is difficult. As shown in Figure 1a, current Rel-14 PRS frequency hopping interval is one PRS occasion. The UE can only apply non-coherent detection. Thus only 6RB PRS can be measured. Large uncertainty of ToA estimation will occur. Coherent detection over several PRS occasions is difficult because the propagation channel may change over several PRS occasions. Also the precoding may change over different PRS occasions since RAN1 agreed that UE can assume that the precoding is the same over only one PRS occasion. 
In summary, Rel-14 OTDOA frequency hopping only increases SNR, without exploring the benefits of the wider bandwidth that could be accessed without increasing the spectral occupancy of the PRS.
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Figure 1a: Current Rel-14 PRS hopping pattern with 1 PRS occasion frequency hopping interval

2.2 Feasibility of faster frequency hopping
Frequency hopping can be used to extend the effective PRS measurement bandwidth by coherent detection over multiple narrowbands as shown in Figure 1b. By reducing the frequency hopping interval from e.g. 160ms to e.g. 1ms, UE can treat two 6RB PRS as one 12RB PRS, thus increase PRS measurement bandwidth.
With large BW, the received signal has a narrow peak, thus it is easier to distinguish ToA of the first path of PRS.
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Figure 1b: New PRS hopping pattern with small frequency hopping interval
With 4-8 narrowbands, Cat-M1 UE can measure 5-10 MHz PRS with 6RB PRS. Cat-M2 UE can measure 20 MHz PRS with 24RB PRS. Thus measurement accuracy can be equal to 25RB PRS ((6Ts, around 60m) for Cat-M1 or 96RB PRS ((4 Ts, around 40m) for Cat-M2. The frequency hopping interval can be around 1-2 ms, including 1-2 symbol retuning time.  Since most IoT UEs are low mobility, assuming 4-16ms coherent time is reasonable. Thus coherent detection over 4-8 narrowbands is feasible. 
Comparing new PRS hopping pattern with legacy Rel-14 PRS pattern, the PRS spectrum allocation is the same while accuracy can be better.
Table 2: Example of accuracy requirement for new frequency hopping pattern
	Accuracy
	PRS Ês/Iot
	Number of narrowbands for frequency hopping
	UE RF bandwidth

	Ts Note 2
	dB
	
	RB
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	(PRS Ês/Iot)ref ≥-6dB
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(PRS Ês/Iot)i ≥-13dB
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	(4
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	4
	25


2.3 Discontinuous phase shift after frequency hopping 
One of the problems for coherent detection is the discontinuous phase shift during frequency hopping. Random phase shifting occurs when UE retunes its center frequency. 

By doing downlink signal tracking, UE could keep time and phase tracking to within a few symbols after frequency hopping. By discarding the first few symbols after a frequency hop, the UE is able to recover from frequency hopping, and coherent detection over multiple narrow bands is possible. 

Uniform random phase shifting between 0 and 2
[image: image5.wmf]p

will occur immediately after each frequency hopping. Considering the sampling rate of UE is T, then the random phase shifting will introduce additional (T timing error with respect to the ideal time of arrival of the PRS.
In order to see the effect of the discontinuous phase over the positioning accuracy, evaluation on timing error caused by random phase shifting is considered as shown in Figure 2.
[image: image6.png]CDF

09

08

07

08

05

04

03

02

01

Ermpirical COF

———07Ts retunning eror
———4Ts retunning error

———8Ts retunning error [

RSTD ertor (Ts)

15




Figure2: Coherent detection over 4 narrowbands (form 24RB PRS with 6RB PRS frequency hopping) considering different UE retunning timing error under ETU30 channel
Another candidate solution to overcome random phase shifting is oversampling. Random phase shifting will cause ((sampling period) timing error. Oversampling will effectively cause small timing error caused by the random phase shifting. 

We choose 0, 4, 8 Ts timing error in the simulation as shown in Figure 2, which correspond to ideal infinite oversampling, 4 times oversampling, 2 times oversampling (related to 1.92 MHz normal sampling period for 6RB UE).

As shown in figure 2, four times oversampling (4Ts sampling period comparing to original 16Ts chip length) will provide good enough coherent detection performance (5Ts, around 50 meter accuracy) for 6RB Cat-M1 UE. Comparing to current 6RB Cat-M1 accuracy, which is 15Ts, a 10Ts gain would be achieved.

There may be other approaches to solve the discontinuous phase shift during frequency hopping. It is therefore worthwhile for RAN4 to evaluate the benefit and confirm the feasibility of specifying PRS frequency hopping enhancements, suitable for Category M1 and M2 UEs, to allow coherent combining between subframes.

The work could be done within the scope of the Rel-15 eFeMTC WID, or if it is preferred to keep all Rel-15 positioning work in one place, then in the Rel-15 positioning WID.

Proposal: Add an objective to the Rel-15 eFeMTC WID or Rel-15 positioning enhancements WID: 

· OTDOA positioning enhancements [RAN4, RAN1, RAN2] 

· RAN4 to evaluate benefit and feasibility of specifying PRS frequency hopping enhancements, suitable for Category M1 and M2 UEs, to allow coherent combining between subframes.
· If found beneficial and feasible, specify such enhancements and associated RAN4 requirements.
3 Conclusion
It is proposed to:
Proposal: Add an objective to the Rel-15 eFeMTC WID or Rel-15 positioning enhancements WID: 
· OTDOA positioning enhancements [RAN4, RAN1, RAN2] 

· RAN4 to evaluate benefit and feasibility of specifying PRS frequency hopping enhancements, suitable for Category M1 and M2 UEs, to allow coherent combining between subframes.
· If found beneficial and feasible, specify such enhancements and associated RAN4 requirements.
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