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1. Introduction
LS R1-1704084 and LS R2-1702323 were sent to RAN4 for additional agreement regarding to NB-IOT positioning. It was agreed that UE supports RSTD and RSRP/RSRQ measurement only in idle mode in this release. In RAN4#82bis meeting, it is agreed that 
· only define L1 physical layer RSTD measurement period in idle mode
· need to define the minimum number of NPRS subframes per cell 

· the measurement period depends on the minimum number and the positioning occasion length 

In this paper, we discuss the RRM requirement for OTDOA enhancements of eNB-IOT in idle mode. 
2. Discussion
Figure 1 from 36.305 shows the general positioning procedure where the UE performs positioning measurements in idle state.
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Figure 1: UE positioning measurements in idle state.

1. The E-SMLC is aware of the UE access type and/or coverage level if applicable from the Location Service Request message received from the MME. The E-SMLC may send a LPP Request Capabilities message to the UE to obtain the UE positioning method capabilities from the UE, as described in subclause 7.1.2.1.

2. The UE sends its positioning method capabilities to the E-SMLC in a LPP Provide Capabilities message, including an indication of position methods for which the UE needs to make measurements in idle state.

3. The E-SMLC may determine the assistance data required for the selected position method or methods, and sends them in one or more LPP Provide Assistance data messages to the UE, as described in subclause 7.1.2.2. If an LPP acknowledgement was requested, the UE sends an LPP acknowledgment for each received LPP Provide Assistance data message to the E-SMLC.

4. If the UE capabilities from step 2 indicate that idle state is required for positioning measurements, the E-SMLC may allow additional response time to the UE to obtain the location measurements, and sends one or more LPP Request Location Information messages to the UE requesting positioning measurements or a location estimate, and including the required response time, as described in subclause 7.1.2.3.

5. The UE sends an LPP acknowledgement for each received LPP Request Location Information message to the E‑SMLC, if an LPP acknowledgement was requested at step 4 but does not perform the requested measurements.

6. The UE may finish any other activities in progress (e.g., SMS or data transfer), and waits until the network releases or suspends the connection (after a certain period of inactivity). The UE will then receive an RRC connection release or suspend from the eNodeB due to the expiration of the inactivity timer.

7. When the UE has entered idle state, the UE performs the measurements requested in step 4. 

8. Before the location measurements are to be sent to the E-SMLC, the UE instigates a UE triggered service request or, when User Plane CIoT EPS optimization applies, the Connection Resume procedure as defined in TS 23.401 [19], if the UE is not using Control Plane CIoT EPS Optimisation, in order to establish a signalling connection with the MME. If the UE is using Control Plane CIoT EPS Optimisation, procedures for Mobile Originated Data Transport in Control Plane CIoT EPS optimisation as defined in TS 23.401 [19] are performed by the UE to establish a signalling connection with the MME.
9. When the LPP response time received in step 4 expires (or when location measurements are available before expiry), the UE sends one or more LPP Provide Location Information messages containing the requested location measurements or location estimate obtained in step 7 to the E-SMLC.

The procedure for idle mode positioning measurement is as the figure1. UE received the LPP assistance data in the connected mode. After eNB releases UE RRC connection, UE perform positioning measurement during the idle mode. UE establish RRC connection again and report measurement results to the E-SMLC.
Comparing with legacy connected mode positioning measurement, UE can freely retune its RF to detect neighbour cell NPRS, without the network gap configuration.
The measurement reporting delay excludes any delay caused by no UL resources for UE to send the measurement report. The uncertainty resulted in RRC connection release from connected mode to idle mode measurement shall not be taken into account in the measurement reporting delay.

The uncertainty resulted in establishing a signalling connection with the MME to report measurement results shall not be taken into account in the measurement reporting delay.

During RAN4#82 and RAN4#82bis meeting, it was agreed that
· only define L1 physical layer RSTD measurement period in idle mode
· need to define the minimum number of NPRS subframes per cell 

· the measurement period depends on the minimum number and the positioning occasion length 

Requirement for RSTD in normal coverage

Shall be capable to RSTD measurements for at least 16 cells

Side condition for all the deployements of NB-IOT
      Reference cell Es/Iot = -6dB

   Neighbour cell Es/Iot = -13dB
Requirement for RSTD in enhanced coverage

Shall be capable to RSTD measurements for at least 16 cells 

Side condition for all the deployments of NB-IOT
      Reference cell Es/Iot = -15dB

   Neighbour cell Es/Iot = -15dB
The RSTD measurement accuracy achieved with a probability of 90% for both standalone mode and inband mode are summarized in Table 1 and Table 2 based on new design NPRS pattern. It could be observed that using at least 60 NPRS or 120 NPRS, the measurement accuracy could reach within 10Ts for standalone mode. The RSTD measurement accuracy is within 15Ts for inband mode. 
Table 1
RSTD performance based on NPRS when reference cell SNR is -6 dB and neighbour cell SNR is -13dB
	Duration of NPRS (1ms NPRS out of 10ms)
	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 -15dB and neighbour cell SNR is -15dB
	Duration of NPRS (1ms NPRS out of 10ms)
	600ms
	1200ms

	standalone
	EPA 1Hz
	13.1Ts
	9.3Ts

	
	EPA 25Hz
	13.3Ts
	9.4Ts

	In-band
	EPA 1Hz
	15.2Ts
	12.4Ts

	
	EPA 25Hz
	16.1Ts
	12.8Ts


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 60/120 NPRS subframes per cell is needed for 16Ts RSTD error. It is proposed to set the conditions that at least 60/120 NPRS per cell is needed during the measurement period. 
Proposal1: minimum number of NPRS subframes per cell for normal coverage is 60.
Proposal2: minimum number of NPRS subframes per cell for enhanced coverage is 120.

Considering sampling rate for NB-IOT is generally 1.92MS per second, it is proposed that accuracy requirement for NB-IOT is defined as 1 chip (16Ts) for both normal and enhanced coverage.

Proposal3: Accuracy requirement for NB-IOT is defined as 12Ts for normal coverage for intra frequency RSTD measurement.

Proposal4: Accuracy requirement for NB-IOT is defined as 16Ts for enhanced coverage for intra frequency RSTD measurement.

Inter-frequency RSTD accuracy is worse than intra frequency RSTD accuracy. Additional UE calibration error may exist due to different group delays of the two RF paths. For LTE UE, this “inter-frequency bias” is 4Ts for above 25RB, 6Ts for above 6RB. It is proposed to use [8] Ts RF margin for inter frequency RSTD measurement accuracy.
Proposal 5: [8] Ts RF margin is added for inter frequency RSTD measurement.
3. Conclusion
In this paper, we provide discussion on RRM requirement for eNB-IOT OTDOA.
Proposal1: minimum number of NPRS subframes per cell for normal coverage is 60.

Proposal2: minimum number of NPRS subframes per cell for enhanced coverage is 120.

Proposal3: Accuracy requirement for NB-IOT is defined as 12Ts for normal coverage for intra frequency RSTD measurement.

Proposal4: Accuracy requirement for NB-IOT is defined as 16Ts for enhanced coverage for intra frequency RSTD measurement.

Proposal 5: [8] Ts RF margin is added for inter frequency RSTD measurement.
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