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1
Introduction
In the positioning specification [1], the Enhanced Cell ID is defined as one of standard UE positioning methods. In the Cell ID (CID) based method, the UE position is estimated with the knowledge of the geographical coordinates of its serving eNodeB. Enhanced Cell ID (E-CID) positioning refers to techniques which use additional UE and/or E-UTRAN radio resource related measurements to improve the UE location estimate. Cell ID+AOA+TA positioning method has been determined as an enhanced Cell ID (E-CID) positioning method in RAN1#57 meeting.
The aim of this contribution is to provide an overview of the AOA and TA measurements, and requirements to be specified in RAN4.
2
Discussion
The performance of Cell ID+AOA+TA positioning method is decided by the performances of AOA and TA measurements. In RAN1, it is decided that the TA and AOA are measured by eNB. This section gives analysis on TA measurement and AOA measurement respectively.
2.1

TA measurement
TA is the absolute timing advance of uplink transmission timing comparing to downlink reference timing at UE. It is twice of propagation delay from eNB to UE. The eNB estimates the TA by measuring the uplink signal timing and combining timing advance commands. The error of TA measurement is decided by several factors. Analysis of TA measurement and measurement accuracy are provided in following.

2.1.1

TA measurement by measuring Preamble
When the UE transmits preamble, there is no timing advance. The TA value measured by eNB is (T5 – T1) as shown in figure 1.
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Figure1. TA measurement by measuring preamble
Here:

T1 is uplink signal timing at eNB.

T2 is the reference point for uplink signal timing (derived according to downlink timing) at UE.

T3 is the UE transmission timing of uplink signal.
T4 is the arriving time of uplink signal at eNB.

T5 is the uplink signal timing measured by eNB.

Note: in this section, the uplink signal is preamble. The reference point of transmitting preamble is T2.So, the (T3 – T2) is the transmission timing error of UE preamble. From section 7.1 in [2], (T3 – T2) is less or equal to Te (±12Ts for ≥ 3MHz bandwidth). (T5 – T4) is the eNB measurement error for the  uplink signal arrival time. Assuming the eNB measurement error for uplink signal arriving time is TeMeas. The measurement error of TA is:
TAe = TAM – TA = (T5 – T1) – [(T2 – T1) + (T4 – T3)]
= (T5 – T4) + (T3 – T2)
= TeMeas + Te
Where, TAM is timing advance measured by eNB
2.1.2

TA measurement after the first TA command
After receiving preamble, the eNB sends TA command (TAC) to indicate UE the absolute timing advance. The UE will transmit uplink signals following the TA command. Then the subsequent TA value measured by eNB is TAC + (T5 – T1) as shown in figure 2.
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Figure2. TA measurement by measuring Msg3 and following uplink signal
Here:

The meaning of T1, T2, T3, T4, T5 is the same as those defined in section 2.1.1.

TTA_Ref is reference point of uplink transmission timing according to TAC.

So,  (T3 – TTA_Ref) is the UE transmission timing error for uplink signal. From section 7.3 in [2], (T3 –TTA_Ref) is less or equal to TeTAC (±4Ts) for uplink transmission just following a TAC, and less or equal to Te for subsequent uplink signals without a TAC. The measurement error of TA is:

TAe = TAM – TA = TAC + (T5 – T1) – [(T2 – T1) + (T4 – T3)]
= (T5 – T4) + (T3 – TTA_Ref)
Then, If TA is generated by measuring an uplink transmission signal following a TAC
TAe = TeMeas + TeTAC
If TA is generated by measuring following uplink signals without a TAC:

TAe = TeMeas + Te
Where, Te is defined in Table 7.1.2-1 in [2].
2.1.3

TA measurement after subsequent relative timing advance command
After the first TAC, the eNB controls UE uplink transmission timing by relative timing advance command ΔTAC. Due to UE’s position change and other reasons, the reference point for uplink signal timing according to downlink timing (T2) will change, as shown in figure 3. The reference point of uplink transmission timing (TTA_Ref, Old) is also changed accordingly. From section 7.1 in [2], the UE is required to adjust its transmission timing with step Tq to make (T3 – TTA_Ref, Old) ≤ Te.
The eNB calculates relative timing advance command (ΔTAC) according the difference between T5 and T1 and sent it to UE. The ΔTAC is integer times of 16Ts. The UE then adjusts the timing of its uplink transmission according ΔTAC. When the UE received ΔTAC, the adjusted reference point for uplink signal transmission is Tx. Due to UE adjusts its timing (following T2 changing) with step Tq, the Tx is not equal to TTA_Ref, Old. The difference of Tx and TTA_Ref, Old is assumed as TeAdjust. The UE will set new reference point of uplink transmission timing based on Tx and ΔTAC.
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Figure3. TA measurement after UE received relative timing advance command
Here:

The meaning of T1, T2, T3, T4, T5 is the same as those defined in section 2.1.1.

TTA_Ref, Old is the reference point of uplink transmission timing before performing ΔTAC.

Tx is the reference point adjusted of uplink transmission timing inside UE before performing ΔTAC. (Tx – TTA_Ref, Old) = TeAdjust.
NTA_Ref, Old is the value of timing advance before performing ΔTAC.
TTA_Ref, New is the reference point of uplink transmission timing considering latest ΔTAC. TTA_Ref, New = (Tx – ΔTAC).

NTA_Ref, New is the value of timing advance considering latest ΔTAC.

T6 is UE transmission timing of uplink signal after considering ΔTAC.

T7 is new timing of uplink signal arrived at eNB.

T8 is new uplink signal timing measured by eNB.

So, The (T6 – TTA_Ref, New) is timing error of UE transmitting uplink signal. From section 7.3 in [2], (T6 –TTA_Ref, New) is less or equal to TeTAC for uplink transmission following a TAC command immediately, and less or equal to Te for uplink transmission without a TAC command.
When the UE adjusts its timing according nth ΔTAC, NTA_Ref, New is:
NTA_Ref, New = (T2 – TTA_Ref, New) = (T2 – TTA_Ref, Old) – (Tx – TTA_Ref, Old) + (Tx – TTA_Ref, New)

= NTA_Ref, Old – TeAdjust_i + ΔTACn
= (TAC + Σn-1ΔTACi – Σn-1TeAdjust_i) – TeAdjust_i + ΔTACn
= TAC + ΣnΔTACi – ΣnTeAdjust_i
The measurement error of TA is:

TAe = TAM – TA = [TAC + ΣnΔTACi + (T8 – T1)] – [(T2 – T1) + (T7 – T6)]

= (T8 – T7) + (T6 – TTA_Ref, New) + ΣnTeAdjust_i
= TeMeas + (T6 – TTA_Ref, New) + ΣnTeAdjust_i
(T6 – TTA_Ref, New) = TeTAC for performed ΔTAC immediately. (T6 – TTA_Ref, New) = Te for following uplink signals.
2.1.3

Summary and Proposal
From above discussion, the absolute timing advance measured by eNB is:

TAM = TAC + ΣnΔTACi + Tdiff
Note: Tdiff is difference of uplink signal timing measured by eNB and reference uplink timing in eNB.
The error of timing advance measured by eNB is:

TAe = TeMeas + TeTAC + ΣnTeAdjust_i for an uplink transmission  immediately following a timing advance command, or
TAe = TeMeas + Te + ΣnTeAdjust_i for an uplink signal without a timing advance command.

The error includes the eNB measurement error for uplink signal timing, UE transmission timing error, and accumulative error of UE timing adjustment.

For example, if we assume ΣnTeAdjust_i = Tq = 2Ts, TeMeas = 2Ts, Te = 12Ts, TAe = 16Ts. the error of distance estimated is about 78.125m.
The eNB measurement accuracy TeMeas for a uplink signal should be determined before we define the eNB TA measurement accuracy.
Proposal1: determine eNB measurement accuracy requirement for an uplink signal timing.

The range of TA reporting should support coverage distance of LTE, i.e. 100km. The maximum TA is 20480Ts correspondingly.

Proposal2: the range of TA reporting is from 0 to 20480Ts.

The granularity of TA reporting can be smaller to make positioning be more accurate when the distance between UE and eNB is short. It is proposed that smaller granule can be 4Ts when DeNB-UE is smaller than 20km, for which the corresponding TA value is 4096 Ts. When the reporting TA is greater than 4096 Ts, it is proposed that the granule is 16Ts.
Then the reporting TA value can be indicated by 11bits integer, i.e. 4096Ts / 4Ts + (20480 – 4096) Ts /16Ts = 2048.

Proposal3: the granularity of TA reporting is 4Ts for timing advance less or equal to 4096Ts and 16Ts for timing advance great than 2048Ts.

2.2

AOA measurement

The performance of AOA measurement is determined by the measurement accuracy of arriving angle corresponding to a user’s signal. Measurement accuracy is related to antenna type and number of elements for an antenna array. So the performance of AOA measurement should be announced by the eNB manufacturer, or required by operator according the selected eNB antenna.

The requirement that need to be specified in RAN4 corresponding to AOA is accuracy class. In UTRA, the accuracy class is defined as following:
Eight accuracy classes are defined for UTRAN AOA measurement, i.e. accuracy class A to H.

Table 9.44M

	Parameter
	Unit
	Accuracy [degree]
	Conditions

	
	
	
	

	UTRAN AOA measurement for UE positioning
	degree
	Accuracy Class A: +/- 180 degree

Accuracy Class B: +/- 90 degree

Accuracy Class C: +/- 60 degree Accuracy Class D: +/- 20 degree

Accuracy Class E: +/- 10 degree 

Accuracy Class F: +/- 5 degree Accuracy Class G: +/- 2 degree

Accuracy Class H: +/- 1 degree
	Over the full range


It is proposed to reuse the UTRA AOA accuracy classification for E-UTRA. 
Proposal4: define accuracy class for AOA measurement.

3
Conclusion
This contribution discussed the TA and AOA measurements for Enhanced Cell ID positioning method, especially analyzed the TA measurement method and its performance. From the analysis, the UE distance from eNB may be estimated through TA with about 78.125m maximum error for the purpose of positioning. The following initial proposals are given for RAN4 subsequent specification work.
Proposal 1: define eNB measurement accuracy requirement for uplink signal timing.

Proposal 2: the range of TA reporting is from 0 to 20480Ts using 11bits integer.

Proposal 3: the granularity of TA reporting is 4Ts for TA value less or equal to 4096Ts and 16Ts for TA value great than 2048Ts.

Proposal 4: define accuracy class for AOA measurement.
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