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1. Introduction
A new work item on “Enhancements of NB-IoT” was approved at RAN#72 meeting [1] with following agreement in RAN#73 meeting for UTDOA positioning in NB-IoT [2].
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 share our views on UTDOA positioning in NB-IoT.

2. UTDOA in NB-IoT
2.1 Uplink Reference Signal
UTDOA is the network-based location technology based on the uplink sounding reference signal (SRS) and location measurement unit (LMU). LMU receives the positioning request of the target UE and SRS configuration from the location server (e.g. E-SMLC) and then measures corresponding uplink relative time of arrival (UL RTOA). The measured UL RTOA will be reported to the location server for the purpose of final UTDOA positioning. Such an additional requirement for the LMU obviously increases the network CAPEX/OPEX. 

The main purpose of SRS is for uplink channel estimation in the existing LTE/LTE-A network. NB-IoT does not support the feature of uplink channel estimation. Therefore NB-IoT has no corresponding uplink reference signal. In our understanding, the alternative uplink reference signal for UL RTOA measurement in UTDOA could be NPRACH, which is a periodic reference signal and supports frequency hopping within one narrowband (180kHz) [3]. 
Proposal 1: Use NPRACH as the uplink reference signal for UTDOA positioning.
2.2 Positioning Procedure
The UTDOA positioning procedure at the network side (as shown in Fig. 1) could be described as follows if using NPRACH as uplink reference signal [4].
1. The E-SMLC sends an UTDOA Information Request message indicating to the eNB the need to invoke periodic NPRACH for target NB-IoT UE. The E-SMLC may provide the eNB with a number of NPRACH transmissions. The final decision of NPRACH transmissions to be performed and whether to take into account this information is entirely up to the eNB implementation. 

2. The eNB determines the resources to be allocated for the UE and sends an UTDOA Information Response to the E-SMLC that includes the allocated resources and the associated parameters. The eNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the E-SMLC. 

3. If in step 2 the eNB determines that resources will be allocated, the eNB then allocates the resources to the target UE. 

4. The E-SMLC selects a set of LMUs to be used for the UTDOA positioning and sends a measurement request with the NPRACH configuration to each one of them (via SLm). 

5. LMUs report back to E-SMLC the uplink measurement reports. 
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Fig. 1 UTDOA positioning procedure at the network side for NB-IoT UE 
The UTDOA positioning procedure for information exchange between network and UE for NB-IoT UE (as shown in Fig. 2) could be described as 
1. The eNB determines the NPRACH resources to be allocated for the UE and sends the narrowband preamble transmission request to the NB-IoT UE that includes the allocated resource indication. 

2. The UE transmits narrowband preamble in the allocated resources to the LMU for NPRACH-based ToA estimation. 
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Fig. 2 UTDOA positioning procedure between UE and network for NB-IoT UE
Based on the above analysis the impacts at the network side to support UTDOA in NB-IoT include 
· LPPa interface protocol between E-SMLC and eNB to support NPRACH resource coordination
· SLm interface protocol between E-SMLC and LMU to support NPRACH-based ToA measurement
Corresponding enhancement in E-SMLC, eNB and LMU would be needed too.

Observation 1: LPPa and SLm interface protocols will be impacted to support UTDOA for NB-IoT UE. Corresponding enhancement inside E-SMLC, eNB and LMU are also needed in order to support this feature.
2.3 Challenge
The density of connected NB-IoT UEs may not be uniform, leading to some cells having very high numbers of connected NB-IoT UE [7]. This means that UTDOA positioning in NB-IoT needs to handle simultaneous positioning services for massive NB-IoT UEs and meanwhile guarantee enough hearability of uplink reference signal for ToA measurement. It might be a big challenge for NPRACH resource allocation and corresponding ToA measurement. Moreover the lower transmission power at the UE side will further impact the ToA estimation at the UE side due to the multipath transmission and building penetration loss, especially in urban scenarios.
Observation 2: It might be a big challenge for NPRACH resource allocation and corresponding ToA measurement in UTDOA due to possible simultaneous positioning services for massive NB-IoT UEs and possible lower UE transmission power.
3 Conclusions

In this contribution, we give our views on UTDOA positioning with the following proposal and observations:
Proposal 1: Use NPRACH as the uplink reference signal for UTDOA positioning.
Observation 1: LPPa and SLm interface protocols will be impacted to support UTDOA for NB-IoT UE. Corresponding enhancement inside E-SMLC, eNB and LMU are also needed in order to support this feature.
Observation 2: It might be a big challenge for NPRACH resource allocation and corresponding ToA measurement in UTDOA due to possible simultaneous positioning services for massive NB-IoT UEs and possible lower UE transmission power.
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