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1. Introduction

A new WI of further Indoor positioning enhancements for UTRA and LTE has been approved in RAN plenary #71 meeting. In RAN1, the options for OTDOA /E-CID enhancements will be sorted out with the progress achieved in the Release 13 indoor positioning Work Item as the starting point.
In RAN1#85 meeting, E-CID enhancements were discussed with the following conclusion:

Conclusion

· Companies are encouraged to study E-CID enhancements according to the WID, especially considering existing techniques (e.g., cell portion)

This paper provides E-CID enhancement from related study in TR36.855 and TR37.857 in order to extend the UE Rx-Tx time difference measurement to multiple non-collocated serving cells, which has no RAN1 impact.
2. Background for UE Rx-Tx measurement
The UE Rx-Tx measurement is one of the important measurements used for E-CID. It represents the round trip time (RTT) and could be used to derive pseudo distance between UE and eNB. The accuracy requirement is within 7Ts for 10MHz system as defined in TS36.133, which is relative accurate. (The 7Ts RTT results in approximate 35meter UE-eNB distance error) 

In TS36.214, UE Rx-Tx measurement is defined to apply to the serving cell in RAN1. However, UE Rx-Tx measurement could only be applied to the PCell as defined in TS36.355 in RAN2 currently. The detailed definition can be found as follows.

Definition of UE Rx-Tx measurement extracted from TS 36.214

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

TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, 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 Rx – Tx time difference measurement shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED intra-frequency


Extract from TS 36.355

	ue-RxTxTimeDiff

This field specifies the UE Rx–Tx time difference measurement, as defined in [17]. It is provided only for measurements on the UE’s primary cell.
Measurement report mapping is according to 3GPP TS 36.133 [18]. 


This limitation constrains the UE Rx-Tx based E-CID positioning capability. As shown in figure 1, the UE Rx-Tx based E-CID using PCell can only derive a vague area of UE. 

This drawback could be overcome if UE Rx-Tx measurement is also allowed to be performed on SCells as shown in figure 2. If the serving cells are non-collocated, it could determine the exact location of UE using triangle positioning. 
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Figure 1. The UE Rx-Tx based E-CID positioning principle

3. Discussion for UE Rx-Tx measurement over multiple serving cells
The multiple cell UE Rx-Tx measurement could be applied in the case of multiple serving cells in CA, i.e., when the serving cells are on different carrier frequencies, where the multiple serving cells are non-collocated and this includes also dual connectivity scenario. 

Based on analysis in TR36.855, it was concluded in the TR that: 
	Benefits for E-CID positioning performance have been observed when the UE Rx-Tx time difference measurement is performed on multiple serving cells in CA, i.e., with the serving cells are on different carrier frequencies, with cells being co-located or non-collocated. 


As for the definition of multiple serving cells in CA, we also have the descriptions in TR36.855:

	· Multiple serving cells in CA, i.e., when the serving cells are on different carrier frequencies, where
· The multiple serving cells are non-collocated and this includes also dual connectivity scenario


In CA, UE can be served by multiple serving cells. Some example deployment scenarios are illustrated in figures 2.
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Figure 2. Several non-collocated serving cells for E-CID CA.

If UE Rx-Tx measurement can be performed on multiple non-collocated serving cells, it can help to locate this UE in exact place rather than on a positioning circle derived by half of RTT.

· Positioning accuracy 

In order to illustrate the benefit of having UE Rx-Tx time difference measurement on multiple non-collocated serving cells, preliminary simulation results are provided below.
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Figure 3. Several non-collocated serving cells for E-CID CA.

The simulation assumption reuses TR37.857 macro only scenario and TR36.855 link level UE Rx-Tx timing assumption as shown in the annex. The simulation results suggest that UE Rx-Tx E-CID measurement for multiple serving cells could meet 50 meter horizontal requirement.
· Specification impact:

RAN1: No RAN1 impact. TS36.214 already supports UE Rx-Tx measurement for serving cell.

RAN2/RAN3/RAN4: Some clarifications to enable UE Rx-Tx measurement for SCell.

4. Conclusion
In this paper, we discuss E-CID enhancements of UE Rx-Tx time difference measurement over multiple serving cells.

Proposal: the UE Rx-Tx time difference measurement shall be extended to multiple serving cells in CA.
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Annex: Simulation assumption

Table 1: System level simulation assumption reused outdoor macro-only deployment scenario (small cells = 0) in TR37.857

	
	Outdoor macro cell 
	Outdoor small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	N/A

	System BW per carrier 
	10MHz 
	N/A 

	Carrier frequency 
	2.0GHz
	N/A

	Carrier number 
	1 
	N/A

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	N/A

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4]] - Note 2
	N/A

	Penetration 


	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	N/A 

	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	N/A

	Antenna pattern 
	3D,  referring to TR36.819 [5] 
	N/A

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	N/A

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 

where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	Antenna gain + connector loss 
	17 dBi 
	N/A

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 2
	N/A

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance (2D distance) 
	Small cell-small cell: N/A 

	
	Small cell-UE: N/A 

	
	Macro –small cell cluster center: N/A

	
	Macro – UE : 35m 

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Perfectly synchronized for baseline.  

Additionally, network synchronization error is simulated.  The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

–
That is, the range of timing errors is [-T2, T2]

–
T1:
Default: 50ns 

	NOTE 1: 
Within 3D-UMa modelling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within 3D-UMi modelling, 3D-UMi O-to-I is used for indoor UEs; 3D-UMi LOS or 3D-UMi NLOS, depending on LOS probability, is used for outdoor UEs.




Table 2: UE Rx-Tx time difference measurement simulation assumptions reused table 5.4.1-1 from TR36.855
	Parameters
	Value

	Measurement bandwidth
	10MHz


	L1 measurement period
	200ms

	Measurement sampling rate
	5, sample interval = 40ms

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2, 

Both antennas with equal gain, no correlation between them

	DRX/DTX
	OFF
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