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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 [1]. 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#84bis meeting, OTDOA enhancements with the same PCI were already sorted out [2]. OTDOA positioning may fall back to E-CID positioning in certain scenario, e.g. without enough neighbour cells. Therefore, it is important to also solving same PCI E-CID positioning in order to allow OTDOA with same PCI falling back to E-CID. Furthermore, E-CID with same PCI may help to choose correct reference cell/TP and neighbour cell/TP for OTDOA with same PCI.
Current RSRP based E-CID cannot work in the same PCI scenario, because UE cannot distinguish CRS based RSRP from different TPs sharing the same PCI. Although the CSI-RSRP measurement is already supported at UE, it could only be obtained by eNB rather than E-SMLC.  Therefore, more precise positioning E-CID is not available in current specification. As discussed in TR37.857 and TR36.855, it is vitally important for an operator to be able to use small cells in their deployment for positioning, which requires solutions to the “same PCI” problem. In fact, small cells were clearly shown to be able to provide accurate horizontal and vertical positioning.

In this paper, we discuss CSI-RSRP based E-CID enhancement which is studied in TR36.855 and TR37.857. CSI-RSRP can be used not only to distinguish different TPs, but also to determine the distance between TP and UE.

2 CSI-RSRP based E-CID measurements
In R-12 OTDOA procedure, OTDOA positioning may fall back to E-CID positioning in certain scenario, e.g. without enough neighbour cells. OTDOA enhancements with the same PCI were already sorted out in the last meeting. Therefore, it is important to also solve ECID with the same PCI in order to allow OTDOA with same PCI to fall back. Furthermore, E-CID may help to choose correct reference cell/TP and neighbour cell/TP for OTDOA with same PCI.
Currently RSRP is already used for E-CID measurement. In the same PCI scenarios, however, UE cannot distinguish CRS based RSRP from different TPs sharing the same PCI. Therefore, the RSRP based E-CID can not work in the same PCI scenarios. In the small cell enhancement WI, the CSI-RSRP measurement has been introduced to allow UE to distinguish different TPs. However, E-SMLC cannot acquire the CSI-RSRP measurement results. Therefore, the current specifications don’t support CSI-RSRP based E-CID.  

CSI-RSRP has already been supported in Release12 as discovery signal to enable eNB to distinguish different TPs. As shown in TR36.855 section 7.3.3 and TR37.857 section 7.1.3, in order to solve the same PCI problem, CSI-RSRP can be used not only to distinguish different TPs, but also to determine the distance between TP and UE.
 In order to support CSI-RSRP based E-CID, CSI-RSRP measurement reporting should be added in LPP and LPPa.

Proposal: Support CSI-RSRP reporting to E-SMLC.
· Specifications Impact
CSI-RSRP has already been defined in Release12. This method will not have impact on the current physical design for positioning signal. 
RAN1: No impact

RAN2/RAN3: Update specifications accordingly to allow E-SMLC obtaining CSI-RSRP information
In summary, the benefits of the CSI-RSRP based E-CID are:

1. Enable E-SMLC to choose TPs for OTDOA in same PCI scenario.
2. Enable OTDOA in the same PCI scenario to fall back to E-CID.
3. Improve positioning accuracy for E-CID using CSI-RSRP.

4. No UE impact, only LPP/LPPa modification

3 Conclusion

In this paper, we discuss CSI-RSRP based E-CID enhancements in the same PCI scenarios.

Proposal: Support CSI-RSRP reporting to E-SMLC.
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Annex: Simulation results for CSI-RSRP based E-CID 
Simulation assumption is provided as below, which refers to section 5.1 in TR37.857.
Table 1 Simulation parameters for E-CID same PCI evaluation
	
	Outdoor macro cell 
	Indoor small cell 

	Layout 


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


	Same as SCE scn.2b dense, except the following 4 cell locations per floor
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	 System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz 
	2.0GHz (Optionally, 3.5GHz) – Note 1

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	24dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 ] - Note 2
	For indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814]. For outdoor UEs and indoor UEs in another building, ITU UMi [referring to Table B.1.2.1-1 in TR36.814].

	Penetration 
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [0, min(25,d)] for each link) 
	For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: 

ITU InH 15+4(n-1) where n is the number of penetrated floors 

For outdoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,UE-to-eNB distance)]  for each link)
For indoor UEs in another building: 40 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[0, min(25,UE-to-eNB distance)] for each link) 

	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 ] - Note 2
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814] 

	Antenna pattern 


	3D,  referring to TR36.819  
	2D Omni-directional 

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4}


	UE Height
	hUT=3(nfl – 1) + 1.5m,  where nfl ~ uniform(1,4)

	Antenna gain + connector loss
	17 dBi 
	5dBi

	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 
	For indoor UEs: ITU InH
For outdoor UEs: ITU InH NLOS

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of buildings per macro cell geographical area
	1

	Number of floors per building
	4

	Layout/Density/number of small cells per floor per building
	4*(number of floors), single strip model.

	Minimum distance (2D distance)

	Small cell-UE: 3m 

Macro –building center: 100m 

Macro – UE: 35m 

building center-building center: 130m

	UE Dropping Model
	•
UEs randomly and uniformly dropped within the hotzone buildings,.

•
A UE is an indoor UE if it is located within a hot zone building.

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Perfectly synchronized for baseline. 



	UE Calibration Error – Note 3
	Perfectly calibrated.


	NOTE 1:
For the optional case of the macro and indoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz indoor small cells, the penetration loss models are specified as part of Rel-12 small cell study [6].

NOTE 2:
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.

NOTE 3:
Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.


Two reference scenarios are investigated for the performance study:

· Scenario1: RRH scenario with different CSI-RSs transmitted from different RRHs (Using CSI-RSRP for E-CID in the same PCI scenario)
· Scenario2: RRH scenario with the same CRSs transmitted from different RRHs (As control group for same PCI scenario without CSI-RSRP reporting)
Simulation results Analysis:

It could observe that CRS transmitted from RRHs causing positioning deterioration in the control group. E-SMLC would wrongly assume that CRS is transmitted from macro cell, which is actually transmitted from RRHs. 

By reporting CSI-RSRP to the E-SMLC, E-SMLC could correctly detect signal transmitted from RRH.
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Figure 1.  CDF of Positioning Error for CSI-RSRP based E-CID and CRS based E-CID











































































