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1 Introduction

In 3GPP TSG RAN #65 meeting, the revised study item of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of objective in this SI is as below,
The objectives of this study item are to study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons).
There are diverse positioning methods for further study and of course it will introduce much higher work load if no priority could be assigned. In this contribution, the possible enhancements based on these schemes are briefly analyzed and some prioritizations are proposed to better progress this study item.
2 Discussion
The indoor positioning enhancement study could be divided into two categories, which are also implied in the SID, enhancement based on RAT-dependent schemes and based on RAT-independent schemes. 3GPP had lots of studies on the RAT-dependent schemes, e.g. OTDOA and ECID in R9, UTDOA in R11, and RFPM in R12, and some RAT independent schemes, e.g. A-GNSS in R9 and Beidou in R12. However special environments are not fully studied when introducing these above methods, and therefore it is understandable now to consider the challenging scenarios as an updating to these existing methods. Following are the brief analysis on possible enhancements on pre-mentioned schemes.
2.1 RAT-dependent schemes

· Possible enhancement for OTDOA

(1) PRS enhancements: in order to combat against the indoor penetration loss, power boosting might be used and the sequence of PRS could be improved, e.g. much dense on time/frequency domain.

(2) Small cell deployment: if small cells could be deployed into buildings, the accurate measurement will probably be achieved, and furthermore floor identification could be performed easily if per-floor RRHs are deployed.

(3) Calculation method: 2D positioning calculation algorithm shall be extended to 3D.
(4) Others

Since OTDOA was discussed in 3GPP from R9, and the signal sequence, deployment and calculation method was also studied sufficiently, the study on OTDOA enhancement for indoor case will be more straightforward. Thus, we propose to prioritize this indoor positioning enhancement based on OTDOA.
Observation 1: indoor positioning enhancement based on OTDOA will be straightforward and relatively easy for study.

· Possible enhancement for UTDOA

(1) SRS enhancements: similar as PRS enhancement for OTDOA, wider BW for SRS might be adopted for indoor scenarios to compensate the penetration loss. It is not precluded if new uplink signal for indoor positioning could be developed.

(2) Dense LMU deployment: The high accuracy could be probably achieved by using dense LMU deployment in the indoor scenarios. Also, per-floor LMUs will be helpful on floor identification.

(3) Calculation method: 2D positioning calculation algorithm shall be extended to 3D.

(4) Others

UTDOA was specified in R11 and LMU deployment can help to cover indoor areas. It is also straightforward to enhance the positioning based on current UTDOA mechanism, and UTDOA could be prioritized if LMUs were widely deployed.

Observation 2: indoor positioning enhancement based on UTDOA will be straightforward and relatively easy for study.

· Possible enhancement for ECID

ECID was specified in R9 and it uses Round Trip Time and AoA for positioning. Based on current specification, only Pcell is involved in this scheme and the positioning accuracy of ECID is always lower than OTDOA. As ECID and OTDOA are both ToA based positioning schemes, some enhancements on signal sequence and deployments could be reused between them, and therefore studies could be focused on OTDOA first.

Observation 3: indoor positioning enhancement based on ECID could reuse conclusions from OTDOA.

· Possible enhancement for RFPM

RFPM was studied in R12 and now there is an on-going R13 WI in RAN3 for signalling issues. Some features of RFPM are not clear so far since the signalling of measurement are not settled in the specifications. The possible enhancement might be similar as the scope of WI in RAN3.
(1) Inter-RAT measurement enhancements: for accurate finger print, more quantities of measurements are preferred to pattern matching.

(2) RAT independent measurement enhancement: it might be helpful if WIFI RSSI could also be adopted in indoor positioning.

(3) Others

Observation 4:RFPM is still on-going in RAN3 for inter-RAT measurement and no conclusion has been achieved so far.
2.2 RAT-independent schemes

· Possible enhancement for A-GNSS and Beidou

For signals from satellites, it cannot reach the receiver inside the building at most cases due to the long distance and penetration loss. Thus the corresponding enhancements mainly focus on how to deploy pseudo-satellites into the building.
(1) Pseudo-Satellite deployment: if pseudo-satellite could be deployed indoor or near the receiver than the real satellites, it is straightforward to have positioning accuracy gain over the conventional satellite positioning.

(2) Others.

Observation 5: possible enhancements for A-GNSS and Beidou mainly depend on deployments of anchor points.

· Possible enhancement for Terrestrial Beacon Systems
Based on the motivation and back ground slides in [2], the TBS could be considered as a solution of pseudo-satellite schemes, and similar with A-GNSS solutions the key enhancement for TBS depends on the anchor points density and locations. Moreover, the RF design for TBS signal receiving might also be studied in RAN4.
Observation 6: possible enhancements for TBS mainly focus on deployments of anchor points and RF design.

2.3 Summary of possible indoor positioning enhancements
Based on the observations 1-6, the summary of possible indoor positioning enhancements is as below.

Table 1. Summary of possible indoor positioning enhancements

	Technologies
	Possible RAN1 enhancements
	Scenarios and deployments

	OTDOA
	PRS enhancements


	· indoor small cells

· outdoor small cells

· macro cells


	UTDOA
	SRS enhancements


	· 

	ECID
	reference signal enhancement
	

	RFPM
	(1) Inter-RAT measurement enhancements

(2) RAT independent measurement enhancement.


	

	A-GNSS
	-
	Pseudo-Satellite deployment

	TBS
	-
	Beacon deployment


3 Conclusion

From observation 1-6, only enhancements based on RAT-dependent methods need study on physical sequence improvements and measurement optimization, while the satellite and pseudo-satellite based enhancements mostly depend on the deployments of anchor points. Thus, we propose to prioritize OTDOA and UTDOA enhancements for indoor positioning study in RAN1, and make enhancements based on other methods optional for interested companies.
Proposal: Prioritize OTDOA and UTDOA enhancements for indoor positioning study in RAN1, and make enhancements based on other methods optional for interested companies.
The simulation scenarios and assumption proposals are provided in [3][4].
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