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1 Introduction

One of the goals stated in the indoor positioning enhancements SID [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

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 [RAN1]
This contribution discusses some potential improvements to the E-CID for indoor positioning including enhancement to measurement reporting, and presents text proposal for the TR 37.857.
2 Existing E-CID
In current specification, E-SMLC can initiate an E-CID positioning via LPP with an ECID-RequestLocationInformation request message [2]. The UE, depending on its capabilities, reports the serving cell ID, RSRPs (reference signals received powers), RSRQs (reference signals received qualities) and the serving cell’s Rx-Tx time differences using the ECID-ProvideLocationInformation. The eNB may also report extra information such as angle of arrival to the E-SMLC. Based on this information and the knowledge of the cells positions the E-SMLC estimates the position of the UE.
In current specification, as shown in Table 1, the reporting range of UE Rx - Tx time difference is defined from 0 to 20472Ts with 2Ts resolution for UE Rx - Tx time difference less than 4096Ts and 8Ts for UE Rx - Tx time difference equal to or greater than 4096Ts. 
	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx ( 2
	Ts

	RX-TX_TIME_DIFFERENCE_0001
	2 ( TUE Rx-Tx < 4
	Ts

	RX-TX_TIME_DIFFERENCE_0002
	4 ( TUE Rx-Tx < 6
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_2046
	4092 ( TUE Rx-Tx < 4094
	Ts

	RX-TX_TIME_DIFFERENCE_2047
	4094 ( TUE Rx-Tx < 4096
	Ts

	RX-TX_TIME_DIFFERENCE_2048
	4096 ( TUE Rx-Tx < 4104
	Ts

	RX-TX_TIME_DIFFERENCE_2049
	4104 ( TUE Rx-Tx < 4112
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_4093
	20456 ( TUE Rx-Tx < 20464
	Ts

	RX-TX_TIME_DIFFERENCE_4094
	20464 ( TUE Rx-Tx < 20472
	Ts

	RX-TX_TIME_DIFFERENCE_4095
	20472 ( TUE Rx-Tx
	Ts


Table 1. UE Rx - Tx time difference measurement report mapping [3]
Moreover, the reporting range of RSRP is defined from -140 dBm to -44 dBm with 1 dBm resolution. The mapping of measured quantity is defined in Table 2. 

	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	dBm


Table 2. RSRP measurement report mapping [3]
3 E-CID improvements

The CID method is to simply consider the location of the serving cell as the position of the target UE. This method has extremely low processing time and low positioning accuracy. There is a possibility to improve the position estimation accuracy of most of the UEs by using another reference point in the serving cell, e.g. to consider the cell center position or the point where the UE is most likely to be located (such as a hotspot area). By taking advantage of hybrid information including GNSS, building architecture, hot spot area, etc. E-SMLC can assign a dynamic reference point for each cell, and hence the UE CID position would be based on a reference point corresponding to its experienced scenario. 

The E-CID method is already an enhancement to the CID method by using measurements of radio signals aside from the geographical location of the serving cell. While E-CID is a network based method for position estimation, it is still possible to explore enhancements on the potentials of UE-assisted E-CID. . 
3.1 UE-assisted E-CID 
The UE estimates the distance from one or more cells, and reports it over the LPP protocol to E-SMLC which has the knowledge of base station coordinates. The estimation can be based on measurements such as RSRP, RSRQ, or TDOA, timing advance (TADV) or round trip time (RTT). The RSRQ is derived at the UE from the RSRP and the carrier received signal strength indicator (RSSI). One enhancement is to increase the resolution of RSRP measurements done by the UE. The TADV here is the UE received timing of a downlink radio frame from the serving cell, defined by the first detected path in time (UE-RxTxTimeDiff). For indoor positioning, the accuracy of the position estimation has been limited by the highest reporting resolution of 2Ts. Thus, it is necessary to improve the Rx-Tx time difference measurement mapping Table 1 with higher resolution, for example less than 1 Ts.

Furthermore, by introducing an adaptive RSTD measurement reporting, the UE should be able to adapt the UE Rx–Tx time difference report mapping by selecting one out of the pre-defined mappings based on one or a combination of the operating conditions and/or E-CID configuration parameters. The E-CID configuration parameters that may impact the adaptation of the E-CID measurement report mapping include: 

(a) CRS bandwidth of the serving cell on which measurement is done;
(b) SRS bandwidth of signals transmitted by the ÚE;
(c) Measured RSRP and RSRQ results, etc.
In addition to time measurement reporting, enhancement to other types of signal quality measurements, e.g. RSRP, RSRQ, shall also be considered. The new mapping tables should provide higher resolution in signal quality measurement (e.g. a new design of RSRP report mapping with higher resolution such as  ½ dBm or ¼ dBm, shall be considered). Moreover, the UE should be able to adapt the mapping tables based on one or a combination of the operating conditions and/or E-CID configuration parameters.
To achieve appropriate positioning performance, the following information can be used to adaptively position the UEs based on E-CID method:

(a) indoor vs outdoor environment

(b) serving cell size, e.g. macro cell vs small cell

(c) mobility speed of the UE, etc.

Proposal: Include the attached text proposal for E-CID enhancement in the TR 37.857.
4 Conclusions
In this contribution we have discussed some potential E-CID enhancements, and have the following proposal:

Proposal: Include the following text proposal for E-CID enhancement in the TR 37.857. 
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Studied Positioning Technology Enhancements

7.1
RAT-dependent Positioning Technologies

7.1.1 OTDOA enhancements

7.1.2 E-CID enhancements
The CID method is to simply consider the location of the serving cell as the position of the target UE. This method has extremely low processing time and low positioning accuracy. There is a possibility to improve the position estimation accuracy of most of the UEs by using another reference point in the serving cell, e.g. to consider the cell center position or the point where the UE is most likely to be located (such as a hotspot area). By taking advantage of hybrid information including GNSS, building architecture, hot spot area, etc. E-SMLC can assign a dynamic reference point for each cell, and hence the UE CID position would be based on a reference point corresponding to its experienced scenario. 

The E-CID method is already an enhancement to the CID method by using measurements of radio signals aside from the geographical location of the serving cell. While E-CID is a network based method for position estimation, it is still possible to explore enhancements on the potentials of UE-assisted E-CID. 

7.1.2.2 UE-assisted E-CID 

A new design of UE Rx - Tx time difference measurement mapping that is dedicated for indoor positioning shall be considered. This new mapping table should provide higher resolution in Rx - Tx time difference measurement.
The UE should be able to adapt the UE Rx – Tx time difference report mapping by selecting one out of the pre-defined mappings based on one or a combination of the operating conditions and/or E-CID configuration parameters. The E-CID configuration parameters that may impact the adaptation of the E-CID measurement report mapping include: 
(d) CRS bandwidth of the serving cell on which measurement is done

(e) SRS bandwidth of signals transmitted by the ÚE

(f) Measured RSRP and RSRQ results, etc.

New design of the mapping tables for signal quality measurements, e.g. RSRP, RSRQ, shall also be considered. This new mapping tables should provide higher resolution in signal quality measurement and the UE should be able to adapt the mapping tables based on one or a combination of the operating conditions and/or E-CID configuration parameters.
To achieve appropriate positioning performance, the following information can be used to adaptively position the UEs based on E-CID method:

(d) indoor vs outdoor environment

(e) serving cell size, e.g. macro cell vs small cell

(f) mobility speed of the UE, etc.

With hybrid information including GNSS, building architectures, hot spot areas, etc., the E-SMLC should be able to prioritize measurements to trust for positioning purpose.  
7.1. 3 D2D aided positioning  
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