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1 Introduction
In RAN#73, the work item on further eMTC enhancement (FeMTC) was revised to begin work on OTDOA positioning [1]:
Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements

· OTDOA: consider improvements of accuracy, UE complexity and power consumption

In this paper, we provide discussion on FeMTC positioning, focusing on OTDOA enhancements.
2 Discussion
Positioning mechanisms were specified in 3GPP as a key feature for E-UTRA networks since Release-9, for example, A-GPS, CID, E-CID, OTDOA and UTDOA. Release 13 eMTC supports RSRP based E-CID positioning [2]. For release 14 FeMTC, further positioning methods will be supported to meet the ever increasing demands of location services [1].

Three types of positioning methods will be supported for FeMTC, which are RSRP/RSRQ based E-CID, UE Rx-Tx based E-CID, and OTDOA.
· RSRP/RSRQ based E-CID

The eMTC RSRP based E-CID measurement requirement has already been defined in release 13 eMTC [2]. It reuses RSRP measurement requirement of release 13 eMTC. 
Rel-14 FeMTC will define RSRP/RSRQ measurement requirements. The E-CID RSRP/RSRQ measurement requirements can reuse RSRP/RSRQ measurement requirements of release 14 FeMTC.

Specification impact:

RAN1: No impact
RAN4: Define E-CID RSRP/RSRQ measurement requirements for FeMTC.

· UE Rx-Tx time difference based E-CID 

As shown in table 1, UE Rx-Tx measurement requirements are defined for non-coverage enhanced (CE) UE. The measurement accuracy is derived based on simulation assumption that Ês/Iot is above -3 dB and 2 Rx antennas are available. 

The accuracy requirement of FeMTC UE Rx-Tx measurement may change due to 1 Rx antenna available. FeMTC supports coverage enhancement up to 15dB, and thus new measurement requirements are needed when Ês/Iot is below -3 dB. 

Specification impact:

RAN1: No impact
RAN4: Define E-CID UE Rx-Tx timing difference measurement requirements for FeMTC.

Table 1: UE Rx – Tx time difference measurement accuracy in table 9.1.9.1-1 in TS36.133
	Accuracy
	Conditions

	
	Ês/Iot
	Downlink transmission

bandwidth of PCell
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 6
	Minimum Io
	Maximum Io

	Ts Note 2
	dB
	MHz
	
	dBm/15kHz Note 5
	dBm/BWChannel

	(20
	(-3 dB
	≥1.4 MHz
	FDD_A Note 7, TDD_A
	-121
	-50

	
	
	
	FDD_B
	-120.5
	-50

	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	FDD_G Note 4
	-118
	-50

	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	FDD_N
	-114.5
	-50

	(14
	(-3 dB
	≥ 3 MHz
	Note 3
	Note 3
	Note 3

	(10
	(-3 dB
	≥ 5 MHz
	Note 3
	Note 3
	Note 3

	(7
	(-3 dB
	≥10 MHz
	Note 3
	Note 3
	Note 3

	NOTE 1:
When in dBm/15kHz, the minimum Io condition is expressed as the average Io per RE over all REs in that symbol. Io may be different in different symbols within a subframe.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with downlink bandwidth ≥1.4 MHz.

NOTE 4:
Except Band 29.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 6:
E-UTRA operating band groups are as defined in Section 3.5.

NOTE 7:
Except Band 32.


· OTDOA RSTD measurement 
As shown in table 2, UE OTDOA RSTD measurement requirements are defined for non-coverage enhanced (CE) UE since release 9 (including 6RB RF bandwidth). The RSTD measurement accuracy is derived based on simulation assumption that neighbour cell PRS Ês/Iot is above -13 dB and reference cell PRS PRS Ês/Iot is above -6 dB, with 2 Rx antennas available.
There is no eMTC UE OTDOA RSTD measurement requirement in release 13. FeMTC supports coverage enhanced up to 15dB and 1R, and thus new OTDOA RSTD measurement requirements are needed. 

Table 2: intra frequency RSTD measurement accuracy in table 9.1.10.1-1 in TS36.133
	Accuracy
	Conditions

	
	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 Note 5
	Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i
	Io Note 7 range

	
	
	
	
	E-UTRA operating band groups Note 8
	Minimum
Io Note 1
	Maximum
Io

	Ts Note 2
	dB
	RB
	
	
	dBm/15kHz Note 6
	dBm/BWChannel

	(15
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	≥ 6
	6
	FDD_A, TDD_A
	-121
	-50

	
	
	
	
	FDD_B
	-120.5
	-50

	
	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	
	FDD_G
	-118
	-50

	
	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	
	FDD_N
	-114.5
	-50

	(10
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 15
	6
	Note 4
	Note 4
	Note 4

	(6
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 25
	≥ 2
	Note 4
	Note 4
	Note 4

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50
	≥ 1
	Note 4
	Note 4
	Note 4

	(4
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 75
	≥ 1
	Note 4
	Note 4
	Note 4

	NOTE 1:
This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.

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:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.

NOTE 5:
The serving cell, the reference cell, and the measured neighbour cell i are on the same carrier frequency.

NOTE 6:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 7:
The Io is defined in PRS positioning subframes. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same subframe.

NOTE 8:
E-UTRA operating band groups are as defined in Section 3.5.


New PRS design could improve measurement accuracy. For example, more PRS resource elements can be allocated to improve UE measurement performance. Large PRS measurement bandwidth is also desirable to improve FeMTC positioning performances.
Specification impact:

RAN1: Introduce new PRS design for FeMTC
RAN4: Define corresponding OTDOA RSTD measurement requirements for FeMTC.

3 Conclusion

In this paper, we provide discussion on FeMTC positioning, focusing on OTDOA enhancements.

Proposal 1: Introduce new PRS design for FeMTC.
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