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1 Introduction
In RAN Meeting #65, the revised SID [1] was approved. In this contribution, we discuss our high-level view on the study of indoor positioning. This includes general design assumptions, deployment scenarios, and potential enhancements to LTE.
2 General Design Assumptions

Being able to locate UEs via radio signal is a highly desirable feature of the cellular system. The UEs can be hand-held device, where the positioning technique provides a convenient way to locate of human beings. The UEs can also be of machine-type, where the positioning technique provides a way to locate things such as robot and merchandise. 

In designing for the feature of indoor positioning in both LTE and UMTS, many practical considerations come into play. These also help to properly define the scope of investigation. We propose that the following basic assumptions are to be observed:

· Deployments that can serve the dual purpose of communication and indoor positioning are prioritized;
· Assuming comparable positioning accuracy, RAT-dependent techniques are prioritized over RAT-independent techniques. This is due to (a) operators can be relied on to deploy and maintain a network that provides positioning service; (b) cellular-network based technology is widely available to all UEs in the network. 
· If indoor nodes are deployed that supports both communication and positioning, it is assumed that no additional dedicated indoor positioning nodes are deployed.

· The eNB synchronization accuracy is not affected solely to satisfy indoor positioning needs.

· There exists reliable eNB-UE link to support the transport of positioning protocol. 
3 Deployment Scenarios
We propose that two deployment scenarios are evaluated for the purpose of indoor positioning. 
3.1 Utilizing outdoor nodes for indoor positioning 
In the first scenario, outdoor nodes are utilized for indoor positioning. No indoor nodes are assumed. 
This scenario is useful for locating users that are indoor in builds where an indoor network is not deployed. This is particularly true for suburban and rural areas, where indoor small cell deployment is frequently unavailable. The aim with the scenario is to study if there are any enhancements that can be done to specified positioning techniques within E-UTRAN or UTRAN.

All variations of existing outdoor eNB deployment fall in this category. Typical outdoor deployments include:

· Macro-cell deployment;

· HetNet deployment, where macro-eNBs are deployed to provide coverage, while high-traffic areas are densified via small cells.

This is illustrated in Figure 1.
For simulation purpose there maybe however a need to down-select to a more specific scenario to limit the amount of evaluations that needs to be done. Such a down-selection should be done with care so that it captures the most relevant scenarios.
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Figure 1. Utilizing outdoor nodes for indoor positioning.

3.2 Utilizing indoor nodes only
In the second scenario, indoor positioning relies on indoor nodes only. No measurement for positioning purpose is provided by outdoor nodes. This scenario is useful whenever there are indoor radio nodes. The typical use case is that indoor small cells are already deployed for communication purpose. This is usually true for urban users, public buildings such as airport and train station, and enterprise buildings. 
The indoor small cell deployment is an excellent choice for the end user since it provides high throughput communication link, extended coverage indoor, and very accurate indoor positioning. For high-rise buildings, it is assumed that small cells are deployed in each floor, which provides excellent information about which floor the UE is located. This is illustrated in Figure 2. 
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Figure 2. Utilizing indoor nodes only for indoor positioning.

4 Potential Enhancements
4.1 RAT-dependent
It is generally of interest to look into enhancements that improve the performance within both pure outdoor deployments and also indoor deployments. When studying outdoor deployment, an potential area to study is if there are any impact to positioning performance due to the presence of advance antenna systems capable of, for example, 2D and elevation domain sectorization. It is further of interest to study if there are any potential enhancements needed for indoor or outdoor deployments operating shared cell deployments. 

A candidate to enhance would be the positioning reference signal (PRS) that was defined in Rel-9. The enhancements could target both new deployment scenarios or generally only to improve the positioning accuracy. Thus it is proposed that 

· RAN1study potential enhancement needs to PRS to better support indoor positioning for both indoor and outdoor deployed eNBs.
4.2 RAT-independent
For higher-end UEs, GPS and various sensors may provide assistance information for positioning purpose. GNSS based methods has already been incorporated into LTE. However, satellite measurement is often unavailable for indoor users. 

For RAT-independent assistance information other than GNSS, it is to be investigated if there is a need to adopt it. It is noted that the following needs are to be taken into account in evaluating the RAT-independent measurements:

1. Network complexity such as deployment and architecture impacts;
2. UE complexities to support additional sensors technologies;
5 Conclusions

In this contribution, we provide the high-level views on indoor positioning. In summary we have the following proposals.
Proposal: 

· Deployment that serves the dual purpose of communication and indoor positioning is prioritized;

· Assuming comparable positioning accuracy, RAT-dependent techniques are prioritized over RAT-independent techniques. 
· Deployment scenarios to evaluate are:
· Positioning indoor UEs based on outdoor deployed eNBs;
· Positioning indoor UEs based on indoor deployed small cell eNBs;
· Study potential enhancements needs to PRS to better support indoor positioning for both indoor and outdoor deployed eNBs
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