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1 Introduction

3GPP latest WI (UTRA_LTE_iPos_enh2) on further indoor positioning enhancement has been closed in RP#74 [1]. This work item is to specify additional positioning enhancements that were not completed for Release 13 and network assistance in LTE for positioning enhancements that were included in Release 13 to address the Fourth Report and Order E911 indoor requirements [2]. 
The following downlink positioning methods from the WI are listed:
· OTDOA enhancements for the same PCI 

· PRS sequence generation of TP
· PRS plus CRS RSTD measurement

· Multipath RSTD reporting

· Reduce quantization error of RSTD reporting
· PRS-Beacon

The 50m horizontal accuracy of E911 may meet outdoor positioning requirement. For indoor, it is too low, and cannot fulfil future industry requirements, such as smart home, smart logistics and smart business. A higher positioning accuracy is eagerly required in above application scenarios.  
These positioning technologies will contribute to the enhancement of positioning. In RP#74, Nokia and Alcatel-Lucent Shanghai Bell proposed a new WI: Even Further Indoor Positioning Enhancements for LTE. It will be helpful to further increase positioning performance. Current technology (e.g. PRS-Beacon, TBS, etc.) has contained conditions on building ground positioning network.This contribution proposes  a new study content of ground positioning network on the basis of current progress of 3gpp indoor positioning. Ground positioning network focuses not only on positioning technologies, but also system structure, station synchronization, mobility, protocol, etc. 
2 Some observations on 3GPP indoor positioning

Observation 1: Current positioning performance cannot fulfil future industry requirement. 
Baseline performance of existing positioning techniques in indoor environments is simulated in TR37.857 [3], the OTDOA horizontal positioning error with perfect synchronization is more than 10m in 80% coverage area. With modelled 50ns synchronization error, positioning accuracy turns worse sharply. Since in practical positioning scenarios, the synchronization error cannot be eliminated. The positioning result isn’t able to even distinct neighbouring indoor rooms, which cannot fulfil future industry requirement.  

Observation 2:   Large positioning error in outdoor dense urban areas.

In outdoor dense urban area, because of obstructing by dense buildings and other high facilities, signals sent by GPS and BeiDou cannot be received by user equipments. Though in outdoor area, large error is introduced to positioning results. Positioning problems in this scenario are usually neglected. Therefore, the future positioning technology should meet the requirements of indoor and outdoor dense urban areas.
Observation 3: Only technique point other than network is considered.

Positioning methods (e.g. OTDOA, E-CID and PRS-Beacon) are proposed in the aspect of key technology. However, other aspects such as system structure, station synchronization, mobility and protocol are rarely involved. Referring to station synchronization, 1ns synchronization error will introduce 0.3m ranging error, which causes adverse impact on positioning accuracy. The current LTE synchronization performance is far from enough to satisfy high accuracy positioning.
3 Consideration on Carrier-class Ground Positioning Network
In order to obtain higher positioning accuracy and better user experience, positioning issue should be enlarged to a carrier-class level. Some performance parameters are compared between carrier-class positioning network and current 3gpp positioning requirement in Table 1.
Table 1 Key parameters in carrier-class positioning requirements
	Key Parameters 
	Indoor positioning in 3GPP 
	Future carrier-class ground  positioning network

	Synchronization error of neighbouring stations
	100ns
	Less than 3ns

	Positioning error
	50m in more than 80% area
	Less than 3m

	Supporting fusion positioning 
	No
	Yes

	Positioning is a progress of network
	No
	Yes

	Indoor-outdoor integration coverage
	No
	Yes


Consideration 1: Positioning accuracy should be less than 3m in 80% area.

The carrier-class positioning network shall support higher accuracy location capability as mentioned in proposal S1-152494 [4]:
· Ground positioning supports higher accuracy location capability less than 3 m at 80% of occasions.

· Ground positioning should support different configurations for accuracy according to different service requirements.
· Both the network based and UE based positioning service shall be supported in ground positioning.
· Synchronization error should be less than 3ns.
Consideration 2: Positioning should be considered at the view of network level.

Current downlink positioning research is mainly on some technique points (OTDOA, ECID, and PRS-Beacon). The future positioning study should not only be strict to technology, but also include network aspects, such as network structure, network synchronization, mobility, protocol, etc. These aspects should be studied in parallel to positioning methods.
Consideration 3: Ground positioning network should meet requirements of accuracy and coverage both in indoor and outdoor dense urban area.
Carrier-class ground positioning network should consider the integration of positioning supporting scenarios both in indoor and outdoor dense urban areas. One of the solutions is shown as Figure 1. Macro coverage is realized by enhanced eNBs. In partial positions with high density buildings, through setting up positioning enhancement nodes PSSs (e.g. PRS-Beacon), positioning signals can be achieved by UEs in these areas.  
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Figure 1 A coverage solution in dense urban areas
Consideration 3: The integration of communication and high accuracy positioning in the same network.
Communication and positioning is integrated in a same network by Carrier-class ground positioning network. This way can save stations deployment cost for operators, and increase positioning coverage density. Carrier-class ground positioning network realizes the integration of communication and positioning by two modes:

· Method 1: with LTE&5G intra-band positioning network

In this situation, communication function is realized by original network, and positioning function is realized by PRS-Beacon. Since PRS-Beacon is cheap and easily to be arranged in rooms, better positioning results can be achieved in indoor scenarios.
· Method 2: with fusion positioning system
Specific devices (TBS, WIFI, etc.) are connected to the core network server through a standard interface, and combined with wireless communication network to realize fusion positioning. Intra-band and inter-band measurements are used by position estimation. They cooperate to realize high precision positioning in all kinds of scenarios. The structure is shown as Figure 2.
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Figure 2 Structure of fusion positioning 

4 Conclusions
In this contribution we discuss the current progress of indoor positioning, and we propose new requirements of carrier-class positioning network. We have the following proposals:

Proposal 1: 3m positioning accuracy in 80% scenarios should be the objective in positioning network;

Proposal 2: Positioning should be considered at the view of network level, including aspects such as network synchronization, mobility, protocol and positioning technology.

Proposal 3: Network synchronization is one of the most important performances of the positioning network, and the synchronization specification (less than 3ns) should be a standardization content. 
Proposal 4: A new WI on ground positioning network should be set up in LTE&NR.
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