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1. 

Introduction
As part of the WI agreed at RAN#72 in RP-161324 [1] for enhancement of NB-IoT in Rel-14, the following objectives were included:

· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  

· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.

· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
RAN1 has now evaluated horizontal accuracy, UE complexity, UE power consumption, scalability and network complexity for both UTDOA and OTDOA and summarized the results in an LS to RAN in RP-168553 [2]. This contribution discusses these results and evaluates some additional criteria not considered by RAN1. The comparisons generally favor OTDOA leading to a proposal to select this method for NB-IoT location support.

2. 

Horizontal Accuracy 
The horizontal accuracy of UTDOA as reported in RP-168553 [2] varies from 21 m to 133 m at 67% with EPA1 channel and from 129 m to 227 m at 67% with ETU1 channel, based on UEs with 23 dBm transmit power and a synchronous network. For OTDOA, the accuracy varies from 11 m to 52 m at 67% with EPA1 channel, and 135 m at 67% with ETU1 channel, based on in-band, guard-band and standalone operations and with a synchronous network. OTDOA thus appears to be slightly more accurate but the ranges seem too wide to be sure of this and the accuracy levels may simply be fairly comparable.

For normal WB-E-UTRAN access, a large number of performance evaluations have been made of both OTDOA (e.g. at RAN1#56, RAN1#56bis, RAN1#57, RAN1#57bis for outdoor location and in TR 37.857 [8] for indoor location) and UTDOA (e.g. at RAN1#61bis, RAN1#62, RAN1#62bis, RAN1#63 for outdoor location). The two methods were not evaluated together (or against one another) at the same meetings but the results (which also vary widely) seem to be comparable.

During Release 98, there was another comparison of UTDOA against OTDOA using variants suitable for GSM access. Documents from this time are hard come by but the proponents of each method did not concede that their preferred method was less accurate than the other. 
The above leads to the following observations:

Observation 1:
 Current accuracy results for OTDOA versus UTDOA imply OTDOA may be slightly more accurate but are not conclusive and may simply represent comparable accuracy. 

Observation 2:
 Previous accuracy results for OTDOA versus UTDOA for WB-E-UTRAN and for GSM do not show a definite preference.
3. 

Complexity, UE Power Consumption, Scalability
Table 1 shows the evaluation results copied from RP-168853 [2] for UE complexity, network complexity, UE power consumption and scalability. Results that appear to be more favorable are shown in yellow. 

	Criterion
	OTDOA
	UTDOA

	UE Complexity
	UE support is required for:

· LTE Positioning Protocol (LPP) to communicate with E-SMLC via eNB
· Measurements for positioning to get downlink RSTD of the set of configured neighboring cells
	UE support is required for:

· Configuration and transmission of UL positioning signal

	Network complexity
	Includes:

· E-SMLC and MME to E-SMLC signaling links
· Optional network synchronization
	Includes:

· E-SMLC and MME to E-SMLC signaling links
· LMUs and LMU to E-SMLC signaling links (if LMUs are not part of an eNB)

· Optional network synchronization

	UE power consumption
	Power consumed by any DL signaling, signal processing (e.g., measurements) and UL reporting of the measurements of the set of configured neighboring cells for the purpose of positioning
	Power consumed by any DL signaling, and transmitting UL signal for the purpose of positioning

	Scalability
	· Uplink time-frequency resources required for reporting measurements increases with increased positioning load
· downlink time-frequency resources for transmitting downlink positioning reference signal depend on system configuration rather than number of UEs
· basestation processing load may not increase with increased positioning load
	· uplink time-frequency resources required in the serving cell for transmitting uplink positioning signal increases with increased cell positioning load
· basestation processing load (e.g., uplink measurements) increases with increased positioning load
· positioning resources are coordinated across a set of cells


Table 1: Comparison of UE Complexity, Network Complexity, UE Power Consumption and Scalability
The above table leads to the following observation:

Observation 3:
 Other comparisons in RAN1#73 favor OTDOA with regard to network complexity and scalability and UTDOA with regard to UE complexity.
4. 

Other Criteria 
Two criteria not reported in RP-168853 [2] concern RAN sharing and security.

In the case of RAN sharing, a number of PLMNs may share a single E-UTRAN but have separate EPCs. For OTDOA, this should not be a problem because the E-UTRAN simply provides DL signals to be measured by UEs and does not need to interact with an EPC except possibly to report configuration information to an E-SMLC, for which LPPa [3] could be used.

For UTDOA, elements in the E-UTRAN (eNBs and/or separate LMUs) will need to measure UL signals from UEs attached to different EPCs and could be coordinated by different E-SMLCs belonging to different EPCs. This may be a problem in terms of scheduling UL measurements for different UEs at different times, since different E-SMLCs in different EPCs will be attempting to coordinate UL measurements from the same set of eNBs and/or LMUs. While solutions to this probably exist (e.g. use of a common shared E-SMLC), the issue will still be a constraint to standardization and/or implementation of UTDOA.

In the case of security, positioning protocol messages defined according to LPP [4] or LPP combined with LPPe [5] can be used to convey positioning related information between a UE and E-SMLC (e.g. OTDOA measurements, assistance data for OTDOA and any request for OTDOA measurements) when the 3GPP control plane solution for location [6] is used. These messages will be sent within NAS signaling messages between a UE and a serving MME, which will therefore be protected by NAS level encryption.

However, for an NB-IoT UE that supports only CIoT CP optimization for data transfer (as defined in TS 23.401 [7]) or for which no UP data bearers are currently established, any RRC messages transferred between the UE and serving eNB will not be encrypted according to the current solution in Rel-13. Depending on how UTDOA is defined, this could mean that coordination between a UE and serving eNB to instigate UL signals for UTDOA measurement, plus the UL signals themselves, would be susceptible to interception, allowing an unauthorized party to locate a UE. As in the case of RAN sharing, solutions may exist to avoid or mitigate this, but may also become a constraint to standardization and/or implementation of UTDOA.

This leads to the following observation:

Observation 4:
 RAN sharing and security appear to constrain standardization and/or implementation for UTDOA but not for OTDOA.
5. 

Conclusions 
The previous observations are repeated below. 
Observation 1:
 Current accuracy results for OTDOA versus UTDOA imply OTDOA may be slightly more accurate but are not conclusive and may simply represent comparable accuracy. 

Observation 2:
 Previous accuracy results for OTDOA versus UTDOA for WB-E-UTRAN and for GSM do not show a definite preference. 
Observation 3:
 Other comparisons in RAN1#73 favor OTDOA with regard to network complexity and scalability and UTDOA with regard to UE complexity. 
Observation 4:
 RAN sharing and security appear to constrain standardization and/or implementation for UTDOA but not for OTDOA.

The above observations, are more in favor of OTDOA, leading to the following proposal.

Proposal:
It is proposed that RAN select OTDOA rather than UTDOA for location support for NB-IoT in Rel-14.
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