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1. Introduction
A WI of Indoor positioning enhancements for UTRA and LTE approved in RAN plenary #71 meeting has been closed. In RAN1, the WI sorts out the options for OTDOA/E-CID enhancements .
· RAN1 and RAN2 agreements on the following:
· OTDOA enhancements for the same PCI 
· PRS sequence generation per TP
· PRS plus CRS RSTD measurement
· Multipath RSTD reporting
· Reduce quantization error of RSTD reporting
Supported versions of UE positioning methods [1]:
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Table 1：Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes
(UE-based and UE-assisted)

	Downlink Note1
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	Barometric
	Yes
	Yes
	No
	No
	No

	WLAN
	Yes
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS Note 2
	Yes
	Yes
	No
	No
	Yes (MBS)

	NOTE 1: 	This includes TBS positioning based on PRS signals.
NOTE 2: 	In this version of the specification only for TBS positioning based on MBS signals.



From the Table 1, UE-based is not supported by UE in the Downlink positioning. But, we think that both network-based (referred as UE-assisted, E-SMLC-based of table 1) and UE-based should be discussed. In this paper, we discuss on adding UE-based（In this paper, the mode of E-SMLC-assisted, UE-based is referred to as UE-based）mode for indoor positioning technology for UTRA and LTE. UE-based has some valuable features, such as reducing RSTD quantization error, expanding user capacity for the Downlink positioning.
2. Discussion
For Downlink positioning method of OTDOA of network-based and UE-based, there are different impacts on many aspects. It is classified by their potential impacts on Network Complexity, Network Capacity, UE implementation, Positioning Accuracy, Scalability, Privacy and Carrier-class location services.
2.1  Network Complexity 
Table 2: Network Resource requirements for positioning using OTDOA network-based and OTDOA UE-based.
	
	OTDOA network-based
	OTDOA UE-based

	Permanent
Resources
	E-SMLC
MME to E-SMLC signaling links
[bookmark: _Ref458175721]eNB absolute time association (e.g. GPS receiver)[footnoteRef:1] [1:  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.] 

(Resources for eNB periodic broadcast[footnoteRef:2]) [2:  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.] 

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

	Temporary
Resources
	Resources for UE to E-SMLC signalling interaction
	Resources for E-SMLC to UE signalling interaction
It does not require interactive measurement information

	E-SMLC Complexity
	E-SMLC compute or verify the final location estimate
	E-SMLC does not need to compute or verify the final position estimate



Through analysis, the difference between these two modes is that the content and size of signaling interaction of the Temporary Resources have been changed. The network-based approach needs interactive measurement information; whereas for UE-based, it is not required. At the same time, UE-based needs to add the location information interaction of eNB compared with network-based. By contrast, Temporary Resource consumption of network-based far exceeds UE-based.
Table 3: The requirements of RSTD reporting of network-based and UE-based
	RSTD reporting
	Frequency
	Resolution[3]

	network-based
	5ms~1280ms
	0.5 Ts ~ 5 Ts

	UE-based
	               No



Table 4: The requirements of adding assistance information of network-based and UE-based
	Adding assistance information
	Frequency
	Resolution

	network-based
	No

	UE-based
	Adding interaction of assistance information is required only when the cell is switching, and its amount relative to RSTD reporting is negligible.


（Note: Adding assistance information include the location information of the neighboring cells of UE, which the E-SMLC updates to the UE）.
The following observation seems clear from Table 3 and Table 4 . 
Observation 1: Network complexity in terms of Resource allocation is higher with network-based than with UE-based.
2.2  Network Capacity
For the network-based, the number of UEs that can be supported to perform measurement by downlink reference signal is unlimited (within reach of the downlink transmission), but limited by the resources required for measurement report transmission to the network. So, in dense areas, some UEs cannot be located. Conversely, reporting of the measurement information is not required by the UE-based. Therefore, UE-based has a higher user capacity.
Observation 2: UE-based has a higher user capacity.
2.3  UE Complexity
1)  Protocol
For network-based, it needs to support LTE Positioning Protocol (LPP) [2] to communicate with E-SMLC via eNB. The protocol of UE-based can be similar to LPP [2] and does not need to report the measurement information(such as figure 1). But, the assistance information sent by the location server to UE needs to include eNB coordinate. UE-based is preferable in this respect by comparison.


Figure 1: The LPP expected configuration of UE-based indoor location in E-UTRAN
2) UE hardware complexity
For the network-based and the UE-based downlink positioning method of OTDOA, measurement and storage of measurement information are inevitable. So the two methods have the same complexity in this regard. In addition, for UE-based, more memories are needed to store and update the information (e.g., location information) of neighboring eNBs, and more memories and stronger processors are needed to compute or verify the final location estimate. Overall, UE-based is expected to need the higher UE complexity. However, it is not the determining factor because current smart phone has a strong processing capacity.
Observation 3: The protocol framework of UE-based is simpler than the network-based.
Observation 4: UE-based is expected to need higher UE complexity. However, it is not the determining factor because current smart phone has a strong processing capacity.
2.4  Positioning Accuracy
From UE perspective, there are many methods that can be used to improve the accuracy of RSTD measurement. The accuracy of the network-based positioning is also limited by the resolution of RSTD reporting. Since UE-based doesn’t need to report RSTD, it can get a higher positioning accuracy compared with network-based.
Observation 5: The UE-based can achieve higher positioning accuracy because it is not limited to the resolution of RSTD reporting.
2.5  Scalability, Privacy and Carrier-class location services
UE-based positioning framework is easily combined with software and mobile phone sensor positioning. Optimizing positioning performance becomes more flexible. Since the measurement and location estimation are carried out directly at the UE side, UE-based approach has better privacy than network-based. Furthermore, critical assistance data of UE-based still needs to be provided by E-SMLC. So it is still Carrier-class location services
Observation 6: The UE-based approach has better privacy and flexibility compared with network-based. Most of all, which is still Carrier-class location services.
3. [bookmark: _Toc383690898]Summary
Observation 1: Network complexity in terms of Resource allocation is higher with network-based than with UE-based.
Observation 2: UE-based has a higher user capacity.
Observation 3: The protocol framework of UE-based is simpler than the network-based
Observation 4: UE-based is expected to need higher UE complexity. However, it is not the determining factor because current smart phone has a strong processing capacity.
Observation 5: The UE-based can achieve higher positioning accuracy because it is not limited to the resolution of RSTD reporting. 
Observation 6: The UE-based approach has better privacy and flexibility compared with network-based. Most of all, which is still Carrier-class location services.
4. Conclusion
In this paper, we discuss adding UE-based for UTRA and LTE.
Proposal: It is proposed to agree to add UE-based for indoor downlink positioning technology.
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