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1 Introduction

So far the discussion on NB-IoT positioning methods [1] has mostly taken place in RAN1, where the impacts of UL and DL methods (e.g. UTDOA and OTDOA) have been compared according to RAN1 scope. In addition to the observations sent in [6], some further observations could be done on architectural impacts of UL and DL positioning for NB-IoT. Such impacts, out of RAN1 scope, can perhaps be best appreciated by RAN.
2 Discussion
RAN1 has considered the positioning performance for NB-IoT of e.g. UTDOA and OTDOA, among others [3]
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[4]. Further comparison in terms of accuracy, UE vs. network impact, standardization effort, power consumption and scalability was suggested. Such a qualitative comparison has been previously presented in [2], and it has been modified as shown in Figure 1 below according to the most recent studies [7]. In 3 out of 6 important factors, OTDOA scores better than UTDOA; in another 2, the two methods score equally. 
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Figure 1 Qualitative comparison of positioning methods for NB-IoT.

We can add to the above by further considering the architecture impacts of OTDOA vs. UTDOA. Such impacts can significantly contribute to the different standardization effort and hence deployment and operational costs of these methods.

The E-UTRAN positioning architecture [5] is shown in Figure 2 below. The positioning protocols LPP (terminated between the UE and the E-SMLC) and LPPa (terminated between the eNB and the E-SMLC, transported over S1 and SLs) are not shown.
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Figure 2 E-UTRAN positioning architecture.
A very rough comparison of involved logical nodes and interfaces, with the relevant impacted RAN specifications in brackets, are shown in the table below. These impacts apply in case of NB-IoT enhancements.
	
	OTDOA
	UTDOA

	Involves the UE
	yes
	yes

	Involves the eNB
	yes
	yes

	Involves the LMU
	no
	yes

	Impact on Stage 2 (TS 36.305)
	likely
	likely

	Impact on LPP (TS 36.355)
	likely
	no

	Impact on LPPa (TS 36.455)
	yes
	yes

	Impact on SLmAP (TS 36.459)
	no
	yes


Table 1 Impact on logical nodes, interfaces and specifications of OTDOA and UTDOA.

For example, in case RAN1 agrees on new physical layer configurations, for OTDOA RAN2 might have to update LPP and RAN3 will have to update LPPa; for UTDOA, RAN3 will have to update both LPPa and SLmAP. It therefore seems that UTDOA for NB-IoT will have a higher impact on architecture and protocols than OTDOA for NB-IoT.
Observation 1: UTDOA for NB-IoT is expected to have a higher impact on architecture and protocols than OTDOA for NB-IoT.

It is also worth noting that one of the goals behind NB-IoT was to have a significant reduction in CN complexity. This led to e.g. the introduction of DoNAS and a corresponding dedicated CN for NB-IoT, which uses significantly less network nodes. UTDOA for NB-IoT would require the LMU (an additional dedicated logical node) and its corresponding interface SLm to be part of the NB-IoT architecture. This negates the effort to keep NB-IoT CN requirements simple, and will ultimately result in higher deployment and operational costs. This applies regardless of whether the LMU is deployed stand-alone or co-located with the eNB.

Observation 2: Since it requires the LMU (an additional dedicated logical node) with an additional interface towards the E-SMLC, UTDOA for NB-IoT negates the effort to keep NB-IoT CN architecture simple; this will result in higher deployment and operational costs.

When network and architecture aspects are considered in addition to all other aspects, OTDOA seems more suitable than UTDOA for NB-IoT positioning.
Proposal: Adopt OTDOA for NB-IoT positioning in Rel-14.
3 Conclusions and Proposals
We have very briefly compared RAN architecture, the corresponding specification impacts and resulting expected Core Network deployment and operational costs for OTDOA and UTDOA with respect to NB-IoT positioning. Our observation and proposal are as follows.
Observation 1: UTDOA for NB-IoT is expected to have a higher impact on architecture and protocols than OTDOA for NB-IoT.
Observation 2: Since it requires the LMU (an additional dedicated logical node) with an additional interface towards the E-SMLC, UTDOA for NB-IoT negates the effort to keep NB-IoT CN architecture simple; this will result in higher deployment and operational costs.
Proposal: Adopt OTDOA for NB-IoT positioning in Rel-14.
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