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1 Introduction
In RAN #73 meeting, revised WI proposal on enhancement of NB-IoT was agreed [1]. One objection 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 this contribution, we discuss the potential solutions to support UTDOA positioning for NB-IoT.
2 NPRS structure for UTDOA
 For UTDOA, the positioning accuracy is largely depend on the measurement accuracy of the positioning signal TOA. In the Rel-13, NPRACH preamble is based on single-subcarrier frequency-hopping symbol groups, and the structure can satisfy the TA detection requirement. For UTDOA positioning signal, it is proposed to reuse NPRACH preamble structure. 
For Rel-13 NB-IoT UE, as there is no support in Rel-13 for UTDOA, therefore there is no corresponding UTDOA procedure . Using NPRACH as the positioning signal,  eNB can only use PDCCH order to contention free random access  on anchor PRB. Considering the limited TOA estimation capability Rel-13 NPRACH provide, it is difficult for Rel-13 to meet the same UTDOA accuracy requirement (50m for 67%). Therefore, it is expected that the accuracy requirement for Rel-13 UE need to be relaxed.
 Observation 1：For Rel-13 NB-IoT UE UTDOA accuracy requirement need to be relaxed
Proposal 1：Non-contention based NPRACH preamble in anchor PRB is used as NPRS for UTDOA for Rel-13 NB-IoT UE.

For Rel-14 NB-IoT , to meet more stringent positioning accuracy requirement , the configuration and structure of NPRACH may need enhancement. For example, configuration the NPRS on both anchor PRB and non-anchor PRB to get better frequency diversity is one configuration that can be use. Furthermore, configure larger hopping distance for the neighboring 4 symbol group , therefore to get better timing estimation accuracy. 
Proposal 2：For Rel-14 NB-IoT UTDOA，NPRS structure is based on NPRACH preamble.
3 Enhancement for NPRACH based NPRS
3.1 Multi-PRBs hopping

To improve UTDOA positioning performance, multiple PRB can be utilized and NPRS can be configured on multi-PRB CFRA resource. As shown in the figure below, subcarrier10 and 11 in anchor PRB can be configured as CFRA resource. At the same time, subcarrier10 and 11 in non-anchor PRB can also be configured for CRFA resource. In total, for NPRS channel can be configured.
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Figure 1:NPRS pattern on multi-PRB CFRA resource
Proposal 3: For Rel-14 NB-IoT UE, multi-PRB hopping based NPRS configuration can be adopted. 
3.2 Larger hopping distance   
To improve UTDOA performance, larger hopping distance (larger than 6 subcarrier) between adjacent 4 symbol groups can be considered. Since in Rel-13, the hopping between two adjacent 4 symbol groups is random, there is no way to guarantee consecutive larger hopping distance between multiple symbol groups, the positioning accuracy is adversely affected as the accuracy is largely depend on the frequency distance. 
One simple remedy is configure two NPRACH configuration with repetition time =1. As is shown in the figure below, the hopping distance between the symbol group can be fixed. 

[image: image2.emf]Rel-13 NPRACH 

configuration 1 

(Repetition times = 1) 

Rel-13 NPRACH 

configuration 0 

(Repetition times = 1) 

#6

#7

#4

#5

#2

#3

#0

#1

#10

#11

#8

#9

#42

#43

#40

#41

#38

#39

#36

#37

#46

#47

#44

#45

… …

NPRS 

channel 0

NPRS 

channel 1

NPRACH 

period


Figure 2:NPRS pattern for larger hopping distance
Proposal 4: For Rel-14 NB-IoT , supporting larger hopping distance between consecutive 4 symbol groups should be considered. 
4 Enhancement for UTDOA procedure
4.1 UE in RRC-CONNECTED

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 configure 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 indicate the trigger of UTDOA.

Proposal 5: For NB-IoT UE in RRC-CONNECTED mode, PDCCH order can be used to configure UTDOA NPRS resources.
4.2 UE in RRC-IDLE
For Rel-14 NB-IoT UE 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 ensure the speed of positioning process and reduce UE power consumption. 
Proposal 6： For NB-IoT UE 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-13 NB-IoT UE, UTDOA accuracy requirement need to be relaxed.

Proposal 1：Non-contention based NPRACH preamble in anchor PRB is used as NPRS for UTDOA for Rel-13 NB-IoT UE.

Proposal 2：For Rel-14 NB-IoT UTDOA，NPRS structure is based on NPRACH preamble.

Proposal 3: For Rel-14 NB-IoT UE, multi-PRB hopping based NPRS configuration can be adopted. 
Proposal 4: For Rel-14 NB-IoT , supporting larger hopping distance between consecutive symbol groups should be considered. 
Proposal 5: For NB-IoT UE in RRC-CONNECTED mode, PDCCH order can be used to configure UTDOA NPRS resources.

Proposal 6： For NB-IoT UE in RRC-IDLE mode, paging or DCI transmission on the paging opportunity can be used to trigger UE PRS transmission.
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