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1. Introduction

RAN1 #78bis reaches [1] the following agreements for indoor positioning study: 

· For evaluating baseline performance, two scenarios are defined for the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments:

· Outdoor deployment scenario, at least for the case of macro + outdoor small cell only

· FFS: whether or not to evaluate the case of Macro only deployment

· Outdoor macro + indoor small cell deployment scenario
· The above scenarios are also applicable to evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
In the two presented work plan documents [2][3] in Ljubjana meeting, it was proposed to discuss the potential enhancements to positioning technologies in the meeting.
This contribution continues to discuss the enhanced technologies for indoor positioning by UE assisted mechanism. 
2. Discussion 
This proposal mainly focuses on the UE assisted mechanism. And the possible directions we discuss rely on the indoor positioning system.
2.1 UE assisted scenario
In indoor scenario, a UE usually has insufficient measurements to perform positioning. For the first example as depicted in Figure 1, UE1 and UE2 are both in a building where UE1 could measure the distance from eNB1, eNB2 and eNB3, UE2 could measure the distance from eNB3 and eNB4, and UE1 and UE2 could measure the distance between each other. The eNBs provide known positions and the indoor UEs’ positions are to be estimated. In such scenario, the UE2’s position cannot be determined without the measurement between UE1 and UE2. Therefore, if nearby UEs can provide extra measurements, the position of the UE can be determined.  Figure 2 shows the other example where UE1’s position could be determined using the measurements from outdoor UE2. 
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Figure 1 An example where UEs perform positioning with nearby UE assisted
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Figure 2 An example where the indoor UE perform positioning with outdoor UE assisted
2.2 UE assisted mechanism
The enhanced indoor positioning mechanism could be implemented in network side or the UE side depends on the usage scenario (ex. E911 call or public safety). This proposal mainly focuses on the network side, in Figure 3, the network entity (e.g. location server, emergency call center, and etc.) first triggers eNB(s) to collect measurements from the UE position information measurements from the UE whose position is to be determined and send the measurements to the network entity. The network entity then have a check if it has enough measurements for positioning. To obtain more measures, it triggers IPE-UE which is capable to collect measurements from UE(s) and send the measurements to the network entity. After the network entity collects enough positioning information, it calculates the position of the UE based on the collected position information and may send the result to UE. 
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Figure 3 Diagram for indoor positioning enhancement by UE assisted 
Figure 4 depicts an example to perform indoor positioning by IPE-UE assisted UTDOA. Firstly, the network entity (e.g. GMLC, location server, emergency call center, etc.) request UE whose position need to be determined send SRS. Secondly, the network entity request eNB(s) to measure the UE’s SRS and report those measurements to the network entity. Third, the network entity select appropriate IPE-UE(s) from its neighbour and request the IPE-UE(s) to measure those SRS and report those measurements to the network entity. Forth, the network entity request those selected IPE-UE(s) send SRS. Then, the network entity request eNB(s) to measure those selected IPE-UE(s)’s SRS and report those measurements to the network entity. Finally, the network entity calculates the position of the UE based on the collected measurement and may report the positioning results to the UE.
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Note: Indoor Positioning Enhanced UE (IPE-UE): a UE which is capable to measure reference signal transmitted from another UE
Figure 4 An example to perform indoor positioning by IPE-UE assisted UTDOA
Figure 5 depicts an example to perform indoor positioning by UE assisted. Firstly, the network entity (e.g. GMLC, location server, emergency call center, etc.) request IPE-UE whose position need to be determined send SRS. Secondly, the network entity request eNB(s) to measure the IPE-UE’s SRS and report those measurements to the network entity. Third, the network entity select appropriate UE(s) from its neighbour and request those selected UE(s) send SRS. Forth, Network entity request the IPE-UE to measure those selected UE(s)’s physical SRS and report those measurements to the network entity. Then, network entity request eNB(s) to measure those selected UE(s)’s SRS and report those measurements to the network entity. Finally, the network entity calculates the position of the UE based on the collected measurement and may send the positioning results to the UE.
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Note: Indoor Positioning Enhanced UE (IPE-UE): a UE which is capable to measure reference signal transmitted from another UE
Figure 5 An example to perform indoor positioning by UE assisted
Observation 1: IPE-UE (Indoor Positioning Enhanced UE) can be assisted by both IPE-UE and legacy UE.
2.3 UE assisted mechanism with legacy support
Moreover, the proposed UE assisted mechanism could also support legacy UE if IPE-UE is present in its neighbour. Figure 6 describes the legacy support for the old released UE. Assume the UE2 is a legacy UE that is unable to monitoring neighbouring UEs' reference signal and UE1 is an IPE-UE that supports monitoring neighbouring UEs' reference signal. 
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Figure 6 Legacy support for the old released UE
Figure 7 depicts an example to perform indoor positioning for legacy UE by IPE-UE assisted. 
[image: image7.emf]Start 

Network entity calculates the position of the legacy UE based on the collected measurement and may report 

the positioning results to the legacy UE. 

End

Network entity (e.g. GMLC) request legacy UE whose position need to be determined send SRS

Network entity request eNB(s) to measure the legacy UE’s SRS and report those measurements to the 

network entity.

Network entity select appropriate IPE-UE(s) from its neighbor and request the IPE-UE(s) to measure those 

SRS and report those measurements to the network entity.

Network entity request those selected IPE-UE(s) send SRS

Network entity request eNB(s) to measure those selected IPE-UE(s)’s SRS and report those measurements to 

the network entity.


Figure 7 An example to perform indoor positioning for legacy UE by IPE-UE assisted 
Observation 2: Legacy UE can be assisted by IPE-UE (Indoor Positioning Enhanced UE).
3. Conclusions
Based on the above discussion, we have following proposals based on existing scenario:  
Observation 1: IPE-UE (Indoor Positioning Enhanced UE) can be assisted by both IPE-UE and legacy UE.
Observation 2: Legacy UE can be assisted by IPE-UE (Indoor Positioning Enhanced UE).
Proposal: UE assisted UTDOA is not excluded from the study.
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