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1. Introduction
A new WI for NB-IOT enhancements (eNB-IOT) was established in the RAN#72 meeting and revised in RAN #73[1]. Further positioning methods will be supported to meet the ever increasing demands of location services. 

Positioning:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

· UE Rx-Tx time difference measurement [RAN4 only]

· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification

This paper discusses the UE Rx-Tx measurement for Rel-14 eNB-IOT.
2. Discussion on definition of UE Rx-Tx
The definition of UE Rx-Tx time difference has flaw for UE under HD-FDD mode. Current definition require Rx and Tx occur in the same radio frame with TA offset known by E-SMLC.
	UE Rx – Tx time difference

The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.

TUE-TX is the UE transmit timing of uplink radio frame #i.
The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.


UE Rx-Tx time difference is used for distance estimation for E-CID.

Distance between eNB and UE = (UE Rx-Tx time difference – (Rx subframe-Tx subframe))/(2*speed of light)

Rx subframe-Tx subframe= TA_offset
The definition of UE Rx-Tx measurement has flaw under HD-FDD mode that uplink radio frame and downlink radio frame for may not be the same. Furthermore E-SMLC needs to compensate the TA_offset.

Currently, for TDD and FDD system, the TA_offset is known to E-SMLC. E-SMLC can compensate TA_offset in order to derive distance between UE and eNB.

However, when UE is in HD-FDD mode there is no TA_offset values for HD-FDD.

The TA_offset for HD-FDD mode is dynamic and eNB configured, it is hard to define a fixed value for TDD/FDD mode.
There are two solutions for the problem.

Option 1: UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC
An easy way is to compensate the UL/DL subframe difference at UE side. UE just report the true RTT to E-SMLC.

Specification Impact: RAN1 definition on UE Rx-Tx measurement and UE behavior. UE needs to compensate the UL/DL subframe difference.
Option2: UE send the Rx subframe and Tx subframe difference along with UE Rx-Tx measurement to the E-SMLC. 

It is necessary to report to E-SMLC the difference between Rx subframe and Tx subframe corresponding to UE Rx-Tx measurement in order to make E-SMLC correctly calculate the distance between eNB and UE.
A new mapping table for HD-FDD mode is also needed since the range of UE Rx-Tx measurement will expand.

For NB-IOT with repetition, the measurement period will be extended in order to measure the same amount of sample for UE Rx-Tx measurement.

Specification Impact: New mapping table in RAN4. New signaling in RAN2/3. New definitions in RAN1

Proposal1: The definition of UE Rx-Tx measurement has flaw under HD-FDD mode that uplink radio frame and downlink radio frame for may not be the same.
Option 1: UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC. Introduce new UE behavior in RAN1. (Preferred)

Option2: UE send the Rx subframe and Tx subframe difference along with UE Rx-Tx measurement to the E-SMLC. Introduce new mapping table in RAN4, new signaling in RAN2/3 and new definitions in RAN1.
Proposal 2: UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC.

Proposal 3: Send LS to RAN1 to inform that TUE-RX  and TUE-TX for UE Rx-Tx measurement may be in the different radio frames. UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC.
3. Discussion on requirement of UE Rx-Tx measurement

In this section, estimated timing error performances are evaluated based on NSSS by link-level simulation as shown in figure 1 with simulation assumption listed in table 1.
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Figure 1  ToA estimation error of neighboring cell (SIR = 0 dB and -10dB) of NSSS.

Table 1. Simulation assumptions
	Cell layout
	Two cells with ISD of 1.732km, where the one is the victim cell while the other is the aggressive cell.

	Cell ID
	[0, 3]

	NB-IoT deployment mode
	In-band, assuming 3 OFDM symbols in LTE PDCCH region and 2-port LTE CRS.

	Channel model
	EPA-1Hz

	Frequency offset
	50Hz

	SNR for victim cell
	-2.6dB

	Signal-to-Interference Ratio (i.e. Rx power ratio of victim cell to aggressive cell)
	0 dB, -10 dB

	Measurement time
	2.4s for NSSS, where 120 subframes are used.


Proposal 4: the measurement period for eNB-IOT UE Rx-Tx can be 2.4s.
Proposal 5. The accuracy requirement for eNB-IOT UE Rx-Tx can be 10Ts.

4. Conclusion
In this paper, we provide evaluation on FeMTC OTDOA.
Proposal1: The definition of UE Rx-Tx measurement has flaw under HD-FDD mode that uplink radio frame and downlink radio frame for may not be the same.
Option 1: UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC. Introduce new UE behavior in RAN1. (Preferred)

Option2: UE send the Rx subframe and Tx subframe difference along with UE Rx-Tx measurement to the E-SMLC. Introduce new mapping table in RAN4, new signaling in RAN2/3 and new definitions in RAN1.
Proposal 2: UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC.

Proposal 3: Send LS to RAN1 to inform that TUE-RX  and TUE-TX for UE Rx-Tx measurement may be in the different radio frames. UE should compensate the Rx subframe and Tx subframe difference and report the true RTT time to E-SMLC.
Proposal 4: the measurement period for eNB-IOT UE Rx-Tx can be 2.4s.

Proposal 5. The accuracy requirement for eNB-IOT UE Rx-Tx can be 10Ts.
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