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1 Introduction
In RAN #73 meeting, revised WI proposal on enhancement of NB-IoT was agreed [1]. One objective of this revised WI is support of UTDOA positioning for NB-IoT.
· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

In RAN1 #87 meeting, due to lack of time, RAN1 could not discuss nor agree all proposed observations. In this contribution, we discuss the practical solutions to support UTDOA positioning for NB-IoT.
2 Discussion for supporting UTDOA in Rel-14
· Network coordination & interference handling

For OTDOA and UTDOA, the positioning accuracy is affected by the co-channel interferences, therefore better interference coordination will improve positioning accuracy significantly. Different from OTDOA, in NPRACH based UTDOA, the resource for reference signal is pre-allocated therefore coordinated resource allocation can be applied to lower the interference between different cells. 
· Power control & in-band emissions

With network coordination, when the UE transmitting positioning reference signal the power control can be turn-off and the UE can use max TX power. 
· Capacity impact
For a lot of IoT deployment scenario, UE’s position will rarely change. In some cases it is fixed. The eNB can turn on the feature just for certain period of time therefore the impacts on system capacity is limited. Also note in Rel-14 non-anchor PRB based NPRACH is supported, so capacity shall not be an issue any longer.  
Therefore, we have the following observation:
Observation 1: For Rel-14 NB-IoT UEs, NPRACH Preamble based signal structure is a feasible positioning reference signal for UTDOA. 
3 UTDOA NPRS resource allocation for Rel-14 NB-IoT

As Rel-14 NB-IoT support NPRACH configured either in anchor PRB or non-anchor PRB, NPRACH Preamble based UTDOA NPRS signal should also support the same configuration.
3.1 Single PRB UTDOA NPRS
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Figure 1: An example of UTDOA NPRS resource allocation in single PRB
NPRACH preamble can be used directly as UTDOA NPRS reference signal for its good TA estimation property. Exact NPRACH signal generation is followed for NPRS signal. Considering the potential collision with other NPRACH signal and to acquire larger hopping gain, the eNB shall have more flexibility in the configuration of NPRS signal, as compare to the configuration of PRACH signal. In figure 1, an example is shown where 16 symbol groups (SGs) are configured for the NPRS, including 12 UTDOA NPRS channel (CH0~CH11).The hopping between the (4i) th and (4i+1)th SG is configured as 24 subcarriers. 
Simulation is done to compare the positioning performance of the NPRS with the above configuration and the Rel-13 NPRACH based UTDOA, and the simulation result is shown in figure 2. Other parameters are given in Table A1 in the Annex. From figure 2 we see clearly that TA estimation performance of NPRS with new configuration is better than Rel-13 NPRACH based UTDOA.
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Figure 2: TA estimation performance of the NPRS with new configuration and the Rel-13 NPRACH based UTDOA
Proposal 1: For Rel-14 NB-IoT UTDOA, NPRACH is re-used directly with flexible eNB configuration to support larger hopping distance.
3.2 Multi-PRB UTDOA NPRS
Since the band in NB-IoT is only 200khz, the frequency diversity gain within the same band is limited. However, for  deployment with multi-PRB, UTDOA NPRS can also be configured in multiple PRB to further improve the performance. As shown in figure 3, NPRS for anchor or non-anchor PRB can be configured independently.
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Figure 3: An example of UTDOA NPRS resource allocation in multi-PRB

Proposal 2:  For Rel-14 NB-IoT with multiple PRB deployment, UTDOA NPRS can be configured in multiple PRBs to further enhance positioning performance.
4 UTDOA triggering
4.1 UE in RRC-CONNECTED mode
Since the Rel-14 UTDOA NPRS is based on NPRACH preamble, in the connected mode, similar to random access, PDCCH order can be used to trigger UTDOA NPRS resources.
· For Rel-13 NB-IoT UE

Based on the indication from Rel-13 PDCCH order, UE transmit preamble on anchor PRB’s NPRACH resources. The whole procedure is transparent to the UE. Similar to PDCCH order trigger random access, eNB will reply UE with Msg2 to conclude the UTDOA.
· For Rel-14 NB-IoT UE

To achieve enhancement over Rel-13 NPRACH, 1 bit indication can be added to legacy PDCCH order to trigger UTDOA NPRS transmission. If it is set to “1”, the PDCCH order is used to trigger uplink positioning,  and the corresponding UTDOA NPRS can be transmitted with the maximum  Tx power in order to improve the positioning accuracy ; otherwise, the PDCCH order is used to trigger NPRACH preamble transmission.
Proposal 3: For NB-IoT UE in RRC-CONNECTED mode, PDCCH order can be used to trigger UTDOA NPRS transmission.
-1 bits UTDOA triggering indication can be added in PDCCH order 
4.2 UE in RRC-IDLE mode
For Rel-14 NB-IoT UEs in RRC-IDLE mode, 

· If the positioning requirement is triggered from UE, the UE needs to transfer from RRC-IDLE mode to RRC-CONNECTED mode.

· For eNB to trigger positioning procedure, paging or DCI transmission on the paging opportunity can be used to trigger UE NPRS transmission. Therefore, the positioning UE does not need to change from RRC-IDLE mode to RRC-CONNECTED mode. This ensures the speed of positioning process and reduces UE power consumption. 

Proposal 4: For NB-IoT UEs in RRC-IDLE mode, paging or DCI transmission on the paging opportunity can be used to trigger UE PRS transmission.
5 Conclusion
In this contribution, we have discussed the solutions to support UTDOA for NB-IoT. We make the following proposals:
Observation 1: For Rel-14 NB-IoT UEs, NPRACH Preamble based signal structure is a feasible positioning reference signal for UTDOA. 
Proposal 1: For Rel-14 NB-IoT UTDOA, NPRACH is re-used directly with flexible eNB configuration to support larger hopping distance.
Proposal 2:  For Rel-14 NB-IoT with multiple PRB deployment, UTDOA NPRS can be configured in multiple PRBs to further enhance positioning performance.
Proposal 3: For NB-IoT UE in RRC-CONNECTED mode, PDCCH order can be used to trigger UTDOA NPRS transmission.
-1 bits UTDOA triggering indication can be added in PDCCH order 
Proposal 4: For NB-IoT UEs in RRC-IDLE mode, paging or DCI transmission on the paging opportunity can be used to trigger UE PRS transmission.
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Annex：Simulation Assumptions
Table A1: Simulation parameters
	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors

	2
	Frequency band
	900 MHz

	3
	Sampling rate
	30.72MHz

	4
	Inter site distance 
	1732 m

	5
	Propagation channel
	EPA 1 Hz

	6
	Antenna configuration
	BS: 2Rx; UE: 1Tx

	7
	User distribution
	Users dropped uniformly in entire cell

	8
	Rx noise figure 
	3dB

	9
	NB-IoT UE Tx power
	23 dBm

	10
	Path loss model
	L=I + 37.6log10(R), R in kilometers; I=120.9

	11
	Shadowing standard deviation
	8 dB

	12
	Correlation distance of Shadowing
	110 m

	13
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	14
	Antenna pattern (horizontal)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	15
	BS antenna gain
	18 dBi

	16
	NB-IoT device Antenna gain
	-4 dBi

	17
	BS cable loss
	3 dB

	18
	Building Penetration Loss
	Scenario#2 Coef=0.75(See Annex D.1 of TR45.820).

	19
	Frequency reuse
	1
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