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Discussion and Decision
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
It is expected that these criteria will be evaluated quantitatively via simulation and/or mathematical analysis. However, it is not clear that one method will emerge as unambiguously and significantly better than the other on every criterion. In addition, other criteria may be equally, or in some cases more, important than the above to a vendor of NB-IoT devices or an operator who provides NB-IoT service. Therefore this contribution provides a high level evaluation of some other criteria that may be useful in making a selection during RAN#73. The criteria are shown below.
· Network complexity: complexity of positioning on the network side in terms of resources permanently or temporarily allocated

· UE complexity: complexity of positioning on the UE side in terms of resources permanently or temporarily allocated

· Scalability: the ability to scale up positioning support to a higher number (or higher density) of UEs and/or a higher frequency of positioning per UE

· RAN sharing: impacts of RAN sharing on the complexity and feasibility of positioning

· Privacy: consideration of supporting privacy for positioning
Note that the evaluation of these criteria assumes that the 3GPP control plane solution defined in TS 36.305 [4] will be adapted and extended for NB-IoT and does not consider other solutions to a significant degree such as the OMA SUPL solution [5].
2. 

Network Complexity 
Table 1 summarizes at a high level the temporary and permanent resources on the network side that would be needed to support positioning for NB-IoT using OTDOA and U-TDOA.
	Resources
	OTDOA
	UTDOA

	Permanent
	E-SMLC
MME to E-SMLC signaling links

eNB absolute time association (e.g. GPS receiver)

(Resources for eNB periodic broadcast
)
	E-SMLC
MME to E-SMLC signaling links

eNB absolute time association (e.g. GPS receiver)2
(LMUs
)

	Temporary
	Resources for UE to E-SMLC signalling interaction
	Resources for E-SMLC signalling interaction with UEs, eNBs and/or LMUs
Resources for eNB UL measurements


Table 1: Network Resource requirements for NB-IoT Positioning using OTDOA and UTDOA 
The following observation seems clear from Table 1. 

Observation 1: 
Network complexity in terms of resource allocation is higher with UTDOA than with OTDOA.
3. 

UE Complexity 
Table 2 summarizes at a high level the temporary and permanent resources on the UE side that would be needed to support positioning for NB-IoT using OTDOA and U-TDOA.
	Resources
	OTDOA
	UTDOA

	Permanent
	DL measurement capability in HW/FW
	Nothing significant

	Temporary
	RF/baseband resources during positioning
Memory to store positioning measurements
Resources for UE to E-SMLC signalling interaction
	Transmission resources when UTDOA requires additional UL transmission



Table 2: UE Resource requirements for NB-IoT Positioning using OTDOA and UTDOA 
UE power and battery requirements are excluded from this comparison because it is not clear at a high level which positioning method could impact this more. Excluding power and battery requirements, the following observation seems clear from Table 2. 

Observation 2: 
UE complexity in terms of resource allocation (excluding battery) is higher with OTDOA than with UTDOA. 
4. 

Scalability 
Resources per UE for OTDOA and UTDOA positioning, as shown in Table 2 (and including battery), should be independent of the number of UEs being positioned. Temporary resources per UE used for OTDOA and UTDOA positioning, as shown in Table 2 (and including battery), should each scale linearly with the frequency of positioning per UE. This may limit the scalability of both methods in terms of positioning attempts pet UE, but since positioning can normally only occur when a UE is in connected state, there should not be any effective limit as use of power saving modes will limit the frequency of connected state.

On the network side when the number of UEs being positioned and/or the frequency of positioning per UE is increased, resources allocation may increase in a linear or near linear manner.
 Table 3 highlights the network resources shown in Table 1 that would increase linearly or almost linearly. Resources not highlighted would remain fixed and would not need to increase. Note that in the case of the E-SMLC and any LMUs, increased resource usage refers to increased allocation of processing, storage and signalling capacity. 
	Resources
	OTDOA
	UTDOA

	Permanent
	E-SMLC

MME to E-SMLC signaling links
eNB absolute time association (e.g. GPS receiver)
	E-SMLC

MME to E-SMLC signaling links
eNB absolute time association (e.g. GPS receiver)

(LMUs)

	Temporary
	Resources for UE to E-SMLC signalling interaction
	Resources for UE to E-SMLC signalling interaction

Resources for eNB UL measurements


Table 3: Network Resources (yellow highlight) that will increase (nearly) linearly with increased UE Positioning
Table 3 implies that the greater network resource usage by UTDOA will become more significant as UE positioning load increases because resources that have no counterpart for OTDOA (such as LMUs and temporary resources for eNB UL measurements) will increase linearly or almost linearly with the increased positioning load.

Another aspect of scalability concerns an increase in interference. In the case of OTDOA, there can be no such effect because downlink positioning signals will not depend on the number of UEs being positioned. In the case of UTDOA, however, there will be a limit (at least theoretically) on the number of UEs that can be positioned simultaneously in the same area – e.g. same serving call or same group of nearby cells. This will be due to requiring uplink signals to remain orthogonal via separate frequency, code and/or time assignments. The availability of different frequencies, time windows and codes will thus limit the number of UEs that can be positioned at about the same time. This limitation may not allow UTDOA to be scaled up indefinitely.
The following observation then follows from Table 3 and the above consideration of interference. 

Observation 3: OTDOA is more scalable than UTDOA.

5. 

RAN Sharing 
With RAN sharing, the network resources needed for positioning would either be shared over all PLMNs or assigned separately to each PLMN. This is shown in Table 4 for the resources considered previously in Table 1. 
	Resources
	OTDOA
	UTDOA

	Permanent
	E-SMLC
MME to E-SMLC signaling links
eNB absolute time association (e.g. GPS receiver)
	E-SMLC
MME to E-SMLC signaling links
eNB absolute time association (e.g. GPS receiver)

(LMUs)

	Temporary
	Resources for UE to E-SMLC signalling interaction
	Resources for UE to E-SMLC signalling interaction
Resources for eNB UL measurements


Table 4: Network Resources that would be shared (green highlight), assigned per PLMN (blue highlight) or both (grey highlight) with RAN Sharing
A potential problem for shared resources (green highlight) concerns control and scheduling of the resources. While there is no apparent problem for OTDOA, UTDOA requires uplink transmission from a target UE to align with measurement of the uplink transmission by the network. This implies that uplink UE transmission and uplink transmission measurement by eNBs and possibly LMUs, which are shared resources, would need to be controlled by a shared resource (e.g. a serving eNB in the RAN) rather than by a per PLMN resource (e.g. an MME or E-SMLC). This is becase a resource in an individual PLMN (e.g. an MME or E-SMLC) will not normally know whether a shared resource (e.g. an LMU or eNB resources to measure UL transmission) has already been allocated to a different PLMN to measure uplink transmission from a UE at some particular time. This problem might be solved in one of several ways. For example, one way could be to negotiate an uplink measurement window between a PLMN resource (e.g. MME or E-SMLC) and a shared resource (e.g. serving eNB). Another way might be to capture and store the entire carrier level signalling content for supported frequency bands in eNBs and LMUs and send huge messages to E-SMLCs (containing the stored signalling content) to enable E-SMLCs to effectively perform the measurements for particular UEs (which would have a high signalling impact). However, such solutions represent a limitation to the support of U-TDOA and a possible increase in resource usage. This leads to the following observation. 

Observation 4: RAN sharing imposes more limitation on UTDOA than on OTDOA.
6. 

Privacy 
When a UE has no UP bearers (e.g. as when data is transferred using only the CIoT Control Plane optimization defined in TS 23.401 [2]), AS security is not supported, meaning that all RRC signalling is unencrypted. This will not be a problem for location using either LPP with the 3GPP control plane solution as defined in TS 23.271 [3] and TS 36.305 [4] or the OMA SUPL solution [5] because positioning messages for these solutions will be transferred using NAS PDUs in the case of LPP, or NAS PDUs or data PDUs in the case of SUPL, that will all be encrypted. However, when the 3GPP control plane solution is used with UE measurements coordinated using RRC [6] and LPPa [7], any uplink transmission or measurements sent by UEs and any request for such transmission or measuremnents sent by eNBs would be unencrypted and thus susceptible to interception.

In the case of OTDOA, LPPa with RRC is not needed (necessarily) because OTDOA measurements and assistance data can be transferred between a UE and E-SMLC using LPP [8] which would be encrypted between the UE and MME.

In the case of UTDOA, any uplink transmission from a UE that is measured by eNBs (and possibly LMUs) would potentially be unencrypted and thus capable of interception. In addition, any control information sent to a UE to schedule or trigger such uplink transmissions might not be encrypted if originated by the RAN (e.g. serving eNB) rather than by an MME or E-SMLC. While UTDOA might be defined to use MME or E-SMLC control of UE UL transmission, the use of RAN sharing as discussed in section 5 could be a problem as it could require control of UE UL transmission from the RAN rather than from a per-PLMN resource such as an MME or E-SMLC. This may still be solvable (e.g. by routing a RAN request to the UE via the MME or E-SMLC or by including AS security) but it is still a limitation for UTDOA that would need to be overcome. This leads to the following observation. 

Observation 5: Support of privacy imposes more limitation on UTDOA than on OTDOA.
7. 

Conclusions 
The previous observations are repeated below.
Observation 1: Network complexity in terms of resource allocation is higher with UTDOA than with OTDOA.
Observation 2: UE complexity in terms of resource allocation (excluding battery) is higher with OTDOA than with UTDOA. 
Observation 3: OTDOA is more scalable than UTDOA.

Observation 4: RAN sharing imposes more limitation on UTDOA than on OTDOA.
Observation 5: Support of privacy imposes more limitation on UTDOA than on OTDOA.
Except for UE complexity (observation 2), all observations favour OTDOA. The UE complexity disadvantage of OTDOA (observation 2) mainly concern temporary UE resources and can be reduced if UE resources are not needed for other activity. Furthermore, there will be a network cost in supporting positioning for NB-IoT devices using UTDOA as shown by the other observations.

The observations and preceding comparisons show that if UTDOA is the only accurate positioning solution defined for NB-IoT, there may be significant impacts on the network side and some inherent limit to the number of UEs for which positioning can be supported. This leads to the following proposal.
Proposal:
OTDOA should be included by RAN as an NB-IOT positioning method either alone or together with UTDOA.
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� This criterion is included in the WI already but is included here to show that increased or reduced UE complexity can provide a tradeoff with reduced or increased network complexity, respectively.


� Resources (e.g. a GPS receiver) to support absolute eNB time association may be used for services other than positioning but must still be present for positioning.


� Optionally SIB broadcast of OTDOA assistance data could enable UE based OTDOA which would reduce temporary resources for UE to E-SMLC signalling interaction to transfer assistance data and UE measurements.


� LMUs are optional but could be needed in some networks to increase positioning capacity and/or positioning accuracy


� While resource usage may increase linearly, it is possible that resources could be used more efficiently when more UEs are positioned (e.g. due to less bursty demand) which would allow a less than linear increase.
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