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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. 

A new NPRS design has been agreed in RAN1#87 meeting. LS( R1-1613761) from RAN1 has been sent to RAN4[2]. New RRM requirement for eNB-IOT OTDOA is needed.
In this paper, we discuss the RRM requirement for OTDOA enhancements of eNB-IOT. 
2. Discussion
2.1 Evaluation on NPRS performance

A new NPRS design has been agreed in RAN1#87 meeting. LS( R1-1613761) from RAN1 has been sent to RAN4[2].  Evaluation on NPRS is needed for defining RRM requirements.
NB-IOT carrier enjoys relative high power density. 164dB MCL corresponding to -4.6dB SNR for standalone mode and -12.6dB for in-band mode for downlink based on RAN1 evaluation. 

Considering relative high power density for NB-IOT carrier, the side condition for eNB-IOT OTDOA could reuse LTE side condition. The side condition for reference cell is -13 dB. The side condition for neighbour cell is -13 dB.

Proposal1: The side condition for reference cell and neighbour cell is -6dB and -13 dB respectively for eNB-IOT OTDOA in normal coverage.
Proposal2: The side condition for reference cell and neighbour cell is -13dB and -13 dB respectively for eNB-IOT OTDOA in enhanced coverage.
The RSTD measurement accuracy achieved with a probability of 90% are summarized in Table 1 and Table 2 based on new design NPRS pattern. It could be observed that using 600ms NPRS, the measurement accuracy could reach within 10Ts. The RSTD measurement accuracy is within 15Ts. 
Table 1
RSTD performance based on NPRS when reference cell SNR is -6 dB and neighbour cell SNR is -13dB
	Number of NPRS
	600ms
	1200ms

	standalone
	EPA 1Hz
	7.5 Ts
	7.5Ts

	
	EPA 25Hz
	7.5 Ts
	7.5Ts

	In-band
	EPA 1Hz
	10.3Ts
	10.3Ts

	
	EPA 25Hz
	12 Ts
	10.3Ts


Table 2
RSTD performance based on NPRS when reference cell SNR is -13dB and neighbour cell SNR is -13dB
	Number of NPRS
	600ms
	1200ms

	standalone
	EPA 1Hz
	8.9Ts
	8.9Ts

	
	EPA 25Hz
	10Ts
	8.9Ts

	In-band
	EPA 1Hz
	11.5Ts
	11.4Ts

	
	EPA 25Hz
	14.1Ts
	11.4Ts


Observation1: 600 ms NPRS could reach 12Ts RSTD error for normal coverage and 15Ts for enhanced coverage.
Observation2: 1200 ms NPRS could reach 12Ts RSTD error for normal and enhanced coverage.

2.2 Discussion on measurement accuracy for eNB-IOT OTDOA
Two types of NPRS subframe configuration (Part A and Part B) are supported for NB-IOT. If part A and part B are both configured then a subframe contains NPRS if both configurations indicate it contains NPRS. 

When NPRS configuration Part B exists, the NPRS subframe configuration has NPRS occasion. The NPRS subframe configuration PartB is similar as the legacy LTE PRS.

When only NPRS configuration Part A exists, the NPRS subframe configuration has no NPRS occasion. NPRS will continue transmitting. 

RSTD accuracy depends on how many NPRS is available within a NPRS occasion when NPRS configuration Part B is provided. NPRS is continually transmitting if only NPRS configuration part A is provided. Number of NPRS within a NPRS occasion is configurable. Maximum 1280 NPRS is supported within one NPRS occasion.
Observation 3: RSTD accuracy depends on how many NPRS is available within a NPRS occasion when NPRS configuration Part B is provided. NPRS is continually transmitting if only NPRS configuration part A is provided.

Proposal3: 600 ms and 1200ms NPRS measurement per cell is needed for 15Ts RSTD error for normal and enhanced coverage respectively.
2.3 Discussion on measurement period for eNB-IOT OTDOA
The positioning performance depends on RSTD measurement performance and the number of cell measured. In order to maintains the performance of positioning, it is proposed to that eNB-IOT UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell. 
Proposal4: eNB-IOT UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell.

Since NB-IOT UE cannot measure several NPRS from different cells simultaneously, it is proposed to reuse legacy LTE measurement period definition. NB-IOT UE will sequentially measure NPRS from different cell.

Number of NPRS within a NPRS occasion is configurable. Maximum 1280 NPRS is supported within one NPRS occasion. At least 600ms NPRS per cell is needed for 15Ts RSTD error. It is proposed to scale the measurement time based on how many NPRS subframes within a NPRS occasion in order to make sure 600ms NPRS available per cell. 
Proposal5: One PRS occasion equals to [600]/ [1200] ms when only subframe configuration A is provided.

Proposal6: Scale the measurement time based on number of NPRS subframes within a NPRS occasion in order to make [600]/[1200] ms NPRS available per cell.
The measurement period for eNB-IOT OTDOA could be
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3. Conclusion
In this paper, we provide discussion on RRM requirement for eNB-IOT OTDOA..
Observation1: 600 ms NPRS could reach 12Ts RSTD error for normal coverage and 15Ts for enhanced coverage.

Observation2: 1200 ms NPRS could reach 12Ts RSTD error for normal and enhanced coverage.

Observation 3: RSTD accuracy depends on how many NPRS is available within a NPRS occasion when NPRS configuration Part B is provided. NPRS is continually transmitting if only NPRS configuration part A is provided.

Proposal1: The side condition for reference cell and neighbour cell is -6dB and -13 dB respectively for eNB-IOT OTDOA in normal coverage.
Proposal2: The side condition for reference cell and neighbour cell is -13dB and -13 dB respectively for eNB-IOT OTDOA in enhanced coverage.
Proposal3: 600 ms and 1200ms NPRS measurement per cell is needed for 15Ts RSTD error for normal and enhanced coverage respectively.
Proposal4: eNB-IOT UE shall be able to detect and measure intra-frequency RSTD for at least n= 16 cells, including the reference cell.

Proposal5: One PRS occasion equals to [600]/ [1200] ms when only subframe configuration A is provided.

Proposal6: Scale the measurement time based on number of NPRS subframes within a NPRS occasion in order to make [600]/[1200] ms NPRS available per cell.

Proposal7:The measurement period for eNB-IOT OTDOA could be
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