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1 Introduction

This document discusses the measurement aspects related to the LTE positioning work item, including OTDOA, AoA+TA and A-GPS/A-GANSS.
2 Discussion
2.1 RSTD for OTDOA

At RAN1#57bis, the measurement definition for RSTD has been agreed as baseline in [1].

	Definition
	The relative timing difference between cell j and cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the RS of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding RS of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency

RRC_CONNECTED inter-frequency


In cases where the UE measures on cells that have different CP lengths, there may be some confusion as to which RS timing to relate to each other, and a more precise measurement definition is given below.

	Definition
	The relative timing difference between cell j and cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency

RRC_CONNECTED inter-frequency


2.2 AoA + Timing advance
Two eNB measurement definitions related to AoA + TA have been proposed over the email reflector: Angle of Arrival (AoA) and Timing Advance (TADV). We propose that the eNB should report an angle for the UE that is in respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.
Angle of Arrival (AoA):

	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the eNB antenna for an UL channel corresponding to this UE.


The eNB measured timing advance TADV can be calculated with different accuracies, depending on the accuracy of the timing advance adjustment mechanism:
· Type 1: (for Rel-9 UEs)
· TADV = (eNB Tx – Rx time difference) – (UE Tx – Rx time difference)

· Type 2 (Rel-8 backward compatible): 

· TADV = eNB Tx – Rx time difference

In order to support this, two measurements need to be defined: 

· eNB Tx – Rx time difference measurement

· UE Tx – Rx time difference measurement.

Thus, one Rel-8 backward compatible solution is available as well as a more optimised Rel-9 solution.

Timing advance (TADV):

	Definition
	Type1:

Timing advance (TADV) type 1 is defined as the time difference 


TADV = (eNB Tx – Rx time difference) – (UE Tx – Rx time difference),

where the eNB Tx – Rx time difference corresponds to the same UE that reports the UE Tx – Rx time difference.
Type2:

Timing advance (TADV) type 2 is defined as the time difference 


TADV = (eNB Tx – Rx time difference),

where the eNB Tx – Rx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE.


eNB Tx – Rx time difference:

	Definition
	The eNB Tx – Rx time difference is defined as TeNB-TX – T eNB-RX
Where:

T eNB-TX is the eNB transmit timing of downlink radio frame #i.

The reference point for TeNB-TX shall be the Tx antenna connector.

T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.

The reference point for TeNB-RX shall be the Rx antenna connector.


UE Rx – Tx time difference:

	Definition
	The UE Tx – Rx time difference is defined as TUE-TX – TUE-RX
Where:

TUE-RX is the UE received timing of downlink radio frame #i, defined by the first detected path in time.

TUE-TX is the UE transmit timing of uplink radio frame #i.

The reference point for the UE Tx – Rx time difference measurement shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED intra-frequency


2.3 A-GPS/A-GANSS
To ensure that LTE offers the same support for assisted satellite based positioning, the A-GPS/A-GANSS related UE and eNB measurements corresponding to the UTRA measurements should be included.

UE GPS code phase:

	Definition
	The whole and fractional phase of the spreading code of the ith GPS satellite signal. The reference point for the GPS code phase shall be the antenna connector of the UE.

	Applicable for
	Void (this measurement is not related to E-UTRAN/UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state)


UE GPS Timing of Cell Frames for UE positioning:
	Definition
	The timing between cell j and GPS Time Of Week. TUE-GPSj is defined as the time of occurrence of a specified E-UTRAN event according to GPS time. The specified E-UTRAN event is the beginning of a particular frame (identified through its SFN) in the first detected path (in time) of the cell-specific reference signals of the cell j, where cell j is a cell chosen by the UE. The reference point for TUE-GPSj shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency

RRC_CONNECTED inter-frequency


E-UTRAN GPS Timing of Cell Frames for UE positioning:
	Definition
	TE-UTRAN-GPS is defined as the time of the occurrence of a specified E-UTRAN event according to GPS Time Of Week. The specified E-UTRAN event is the beginning of the transmission of a particular frame (identified through its SFN) in the cell. The reference point for TE-UTRAN-GPS shall be the Tx antenna connector.


UE GANSS code measurements:

	Definition
	The GANSS code phase and GANSS Integer code phase of the spreading code of the ith GANSS satellite signal. The reference point for the GANSS code phase shall be the antenna connector of the UE.

	Applicable for
	Void (this measurement is not related to E-UTRAN/UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state)


UE GANSS Timing of Cell Frames for UE positioning:
	Definition
	The timing between cell j and GANSS Time Of Day for a given GANSS system. TUE-GANSS is defined as the time of occurrence of a specified E-UTRAN event according to GANSS time for a given GANSS Id. The specified E-UTRAN event is the beginning of a particular frame (identified through its SFN) in the first detected path (in time) of the cell-specific reference signals of the cell j, where cell j is a cell chosen by the UE. The reference point for TUE-GANSSj shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency

RRC_CONNECTED inter-frequency


E-UTRAN GANSS Timing of Cell Frames for UE positioning:

	Definition
	TE-UTRAN-GANSS is defined as the time of the occurrence of a specified LTE event according to GANSS Time Of Day. The specified LTE event is the beginning of the transmission of a particular frame (identified through its SFN) in the cell. The reference point for TE-UTRAN-GANSS shall be the Tx antenna connector.


3 Conclusion

It is proposed to agree on:

· the improved measurement definition for RSTD outlined in section 2.1

· the measurement definitions for AoA + TA outlined in section 2.2

· the measurement definitions for A-GPS/A-GANSS support outlined in section 2.3.

The corresponding CR for 36.214 can be found in [2].
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