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1 Introduction

In previous several RAN4 meetings there was a lot of discussion on E-CID enhancement [1]~[4]. For R9 E-CID based on UE Rx-Tx time difference measurements the requirements are applicable for single cell case i.e. the UE can measure the UE Rx-Tx time difference measurement only on PCell. With the introduction of CA and CoMP it is practical for UE to maintain more than one radio links with serving cells which potentially give opportunities for positioning accuracy improvements. 
In this paper we discuss the multiple cell E-CID(MC E-CID) schemes in CA and CoMP scenarios.
2 Discussion
2.1 E-CID in CA case
When CA is introduced it is possible that UE can have multiple serving cells. From 36.331,
Serving Cell: For a UE in RRC_CONNECTED not configured with CA there is only one serving cell comprising of the primary cell. For a UE in RRC_CONNECTED configured with CA the term 'serving cells' is used to denote the set of one or more cells comprising of the primary cell and all secondary cells.

In the current TS36.133, it is defined that,
	9.1.9
UE Rx – Tx time difference
9.1.9.1
Measurement Requirement
The UE RX-TX time difference is measured from the PCell.


So the UE shall perform UE Rx-Tx time difference only on PCell to determine the distance from the UE to the location of PCell. However given UE can transmit and receive data from multiple serving cells the UE can perform UE Rx-Tx time difference from ALL the serving cells. 
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Fig.1 Legacy E-CID
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Fig.2 Multiple cell E-CID
As illustrated in Fig.1 only PCell is considered as the anchor cell. The positioning accuracy depends on the UE Rx-Tx time difference and uplink AoA estimation. In principle the AoA estimation strongly depends on the uplink multiple antennas implementation and this scheme will be more suitable for TDD systems including E-UTRAN TDD and UTRA TDD et.al, which may have smart antenna for AoA estimation. Thus the AoA estimation is not feasible in other deployment scenarios. For systems without AoA estimation functionality, the target UE can only be located on a round-trip-time circle which is decided by UE Rx-Tx and eNB Rx-Tx time, and obviously it is a very rough estimation of the UE location.
On the other hand if multiple cells are involved for E-CID based scheme this problems will be address to some extent. For example in Fig.2 not only PCell but two SCells which is not collocated with PCell are utilized for E-CID positioning.  In this scheme there is one intersection which can be obtained if the RTT from UE to the three cells can be estimated. If the uplink AoAs to the three cells can be estimated they can be further combined to refine the final location accuracy. Thus this multiple cell E-CID (MC E-CID) scheme has the potential to include more anchor cells to improve the positioning accuracy.
The gain from MC ECID over single cell ECID is straightforward for positioning performance. We take simple example below for illustration. Assumed the ideal RTT*c/2 is 300 meter (c is light speed), Rx-Tx measurement error is 10Ts (98m in distance). 
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Fig.3 Single cell ECID without AoA example
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Fig. 4 MC ECID example (ISD=400m)
If only one positioning RTT circle can be used for locating target UE, the worst positioning accuracy performance depends on the RTT circle size and Rx-Tx measurement error. In order to explain the gain of MC ECID, we use a simple simulation to achieve the positioning accuracy CDF. The simulation assumptions are listed as below,
Table1. MC ECID simulation assumptions

	Parameter
	Value

	layout
	As show in Fig.4. ISD=400m between each pair of eNBs. 

Radius of coverage is 250m for each cell.

UEs are uniformly dropped within the coverage of each cell.

UE choose the nearest eNB as PCell site.

	System BW
	10MHz

	Rx-Tx measurement error
	Random error following normal distribution with mean =0 and std= 5.9Ts.
Note: To settle the std for the random error, the Rx-Tx accuracy requirement shall be followed. In current TS36.133, UE Rx-Tx accuracy is 10Ts for 10MHz, that is, the random error shall be generated equalled to or smaller than 10Ts at 90% CDF. 

	Ideal RTT
	Calculated from real UE location and eNB location

	Estimated RTT
	Use (Ideal RTT)+(Rx-Tx measurement random error)

	UE Location estimation algorithm
	Trilateration
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Fig. 5 Comparison between MC ECID and Single Cell (SC) ECID

Observation: much higher accuracy can be achieved by using MC ECID.

Based on the analysis above, we propose that,
Proposal 1: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CA.
2.1 E-CID in CoMP
Coordinated multi-point (CoMP) transmission and reception is considered for LTE-Advanced Rel. 11 as a tool to improve the coverage of high data rates, the cell-edge throughput, and also to increase system throughput. The study item aims at evaluating the performance benefits and the standardization impact of enhanced CoMP operation.
Similarly to E-CID in CA there is multiple radio links between the UE and multiple serving cells. As shown in Annex there are four types CoMP deploy scenarios.  The feasibility for MC E-CID of each scenario is in Table 2.
Table 2 Feasibility for MC E-CID in CoMP

	Scenario
	Feasibility for MC E-CID

	Scenario 1: 
Homogeneous network with intra-site CoMP, as illustrated in Figure A.1-1
	-All the serving cells are collocated. 

-Marginal gain 

	Scenario 2: 
Homogeneous network with high Tx power RRHs, as illustrated in Figure A.1-2
	-Good synchronization among anchor cells

-Can improve the positioning accuracy

	Scenario 3: 
Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell as illustrated in Figure A.1-3.
	-Good synchronization among anchor cells

-Can improve the positioning accuracy

	Scenario 4: 
Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell as illustrated in Figure A.1-4.
	-Good synchronization among anchor cells

-Can improve the positioning accuracy if the non-collocated RRHs can be distinguished


Hence, based on the analysis above, the MC E-CID scheme can be applied to CoMP scenario 2, 3 and conditioned scenario 4, and can improve the positioning accuracy. Our proposal is,
Proposal 2: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CoMP.
3 Conclusion

In this paper we give the considerations on multiple cells E-CID. Based on the discussion it is proposed
Proposal 1: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CA.
Proposal 2: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CoMP.
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Figure A.1-1:
Scenario 1 - Homogeneous network with intra-site CoMP
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Figure A.1-2:
Scenario 2 - Homogeneous network with high Tx power RRHs
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Figure A.1-3- Reference CoMP Coordination Cell Layout for Scenario 2
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Figure A.1-4:
Scenario 3/4 - Network with low power RRHs within the macrocell coverage








































































































































































































































































































































 5/7

_1451463000.vsd
PCell


SCell_1


SCell_2



_1451998032.vsd

_1451998078.vsd
Ideal_RTT/2



_1451462965.vsd
AoA


d = RTT/2


UE


PCell



