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1 Introduction

Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
In RAN1#86, the following proposal was suggested in [2], and the decision has been postponed to RAN1#86bis. 

             RAN1 decides to prioritize the following for the E-CID enhancement

· Support CSI-RSRP reporting by eNB and UE to E-SMLC
· Send LS to RAN2 and RAN3 cc RAN4 for signaling design
The motivation for this proposal is presented as follows:

· ECID enhancements for the same PCI is important for the following reasons:
· E-CID for the same PCI is helpful to let E-SMLC decide neighbour TPs for OTDOA with same PCI.
· OTDOA for the same PCI could fall back to E-CID when not enough cell/TPs nearby. 
While enhancing the ECID performance is very important and within the objective of this WI, this contribution explains how the same PCI issue no longer exists when OTDOA fix is not considered. This contribution also presents simulation results on the performance of cell portion concept and how they can exceed the E-CID positioning performance with the use of CSI-RSRP measurements from the UE.  
2 If there is any same PCI issue for E-CID?
The clear benefits of incorporating the small cells in the positioning estimation is already known. In RAN1, the same PCI issue has been treated for OTDOA, and now the question is that in some certain scenarios e.g. if enough neighbor cells are not available then OTDOA positioning may fall back to ECID positioning, moreover if the same PCI issue exists for ECID as well or not.   
When the OTDOA positioning fall back to ECID, then it is solely the serving cell which is the only node participating in the positioning estimation. The serving cell can be either a small cell or a macro cell, and in any way the cellGlobalId (ECGI) is known to the E-SMLC. Therefore, there is no such thing as a same PCI issue for ECID.

Observation 1:
In cases where OTDOA positioning fall back to ECID, then the serving cell contributes to the positioning estimation, and the ECGI of the serving cell is always known to the E-SMLC no matter the type of TP.
Observation 2:
There is no such thing as a same PCI issue for E-CID.

3 Cell portions based on CSI-RSRP measurements  

While we believe the problem scenario of same PCI issue for E-CID is not a suitable reason and background to study this enhancement, we would like to still explore the potentials of the current network in exploiting the CSI-RSRP measurements for ECID positioning enhancement while using the current signalling. To have a better simulation analysis, we have also considered the dense indoor deployment scenario of TR 37.857 used also by [2] for the sake of better comparison.

As it has been previously mentioned in [3] that the CSI-RSRP measurements can be already configured and reported via RRC. At the eNB, cell portions can be configured based on these measurements sent by the UE and can be reported via LPPa. It is also known that cell portions can be configured with 256 different configurations, in which one option can be a simple mapping of having each TP defining each cell portion. 
Observation 3:
The same algorithm which can be used in E-SMLC to exploit CSI-RSRP measurements for E-CID positioning, can be already used in eNBs.
To directly make CSI-RSRP measurements available to the E-SMLC, more precise channel definition for each TP should be defined in LPPa, that might not be trivial especially when concepts such as beamforming are settled. Moreover, it will be a duplicate process to even send these measurements via LPPa to E-SMLC, while eNB is capable to map these measurements to a location-related information (e.g. cell portion, AoA) and send them on LPPa and reduce any further channel-to-position mapping process at the E-SMLC.  
Observation 4:
No further signalling is required to consider the benefits of CSI-RSRP measurements for E-CID positioning.
Observation 5:
Using the benefits of CSI-RSRP measurements by mapping them to a location-related information (e.g. cell portion, AoA) has the least (almost no) UE/network/signalling impact. 
Currently, cell portions are configured in the eNB and correspond to the antenna port/RRU/TP serving the UE. There are up to 256 per cell. They are already reported in the E-CID measurement. Cell Portion is a geographical part of a cell. A cell portion is semi-static, and identical for both the UL and the DL. Within a cell, a cell portion is uniquely identified by its Cell Portion ID [4]. Therefore, the cell portion is a wider concept compared to TP, and the cell portion serving the UE is reported by the eNB together with other E-CID data. This configuration can be interpreted in the following examples:
a) A cell portion is associated to a TP: In this case the best serving TP according to the reported CSI-RSRP corresponds to the cell portion. The cell portion position would be the TP position.

b) A cell portion is associated to a set of two or more TPs: In this case, the eNB has matched the reported CSI-RSRP to the position of those TPs with higher received power. The cell portion position would be matched to a position between those TPs according to the CSI-RSRP vector/fingerprint. 

c) A cell portion can belong to a part of a TP-coverage area: In this case, the eNB has matched the reported CSI-RSRP to the position of a certain part of one TP coverage.
Observation 6:
The cell portion ID provides better position information compared to TP ID.
Observation 7:
The cell portion concept has been already introduced in the standard as an E-CID enhancement.

4 Simulation results

Simulation assumption is provided as below, which refers to section 5.1 in TR37.857 [5].
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.


To explore the cell portion configuration, the following small mapping can be considered using the CSI-RSRP measurement sent from the UE. Of course more advanced algorithms are also possible at the eNB, however, we believe this small example is sufficient enough to illustrate the benefits of cell portion concept in E-CID enhancement, and to compare it with the simulation results presented in [2].
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Figure1: Cell portion location references for the building presentation of dense indoor deployment scenario
The algorithm is explained below for one floor level building presented in Figure 1:
1- If CSI-RSRP for TPi (i ϵ {1,2,3,4}) is above certain threshold more than the other TPs, then the cell portion configuration would be mapped to TPi, and hence its corresponding location reference.
2- If CSI-RSRP for two TPi and TPj are above certain threshold then the cell portion configuration would be mapped to LRij, and hence its corresponding location server. In this simple example the location reference for two TPs are set in the mid distance between the two TPs.
A similar approach has been taken to derive the positioning estimation for the E-CID based on the cell portion concept for the mentioned scenario illustrated in Figure 2.
One obvious general comment is that the ECID is expected to perform better positioning estimation compared to CID method. For this chosen scenario we have previously presented our CID results in the following table and figure captured in TR 37.857.
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Figure2: CID and ECID based on cell portion concept positioning performance comparison
From the CID positioning performance, we can notice that around less than 10% of the UEs are covered with macro-cells and not the small cells, while the E-CID based on cell portion concept can significantly enhance the positioning performance.
5 Conclusions

In this contribution we have analyzed the CSI-RSRP support in E-SMLC and below is the list of observations and proposals for solving the same PCI issue for ECID:

Observation 1:
In cases where OTDOA positioning fall back to ECID, then the serving cell contributes to the positioning estimation, and the ECGI of the serving cell is always known to the E-SMLC no matter the type of TP.

Observation 2:
There is no such thing as a same PCI issue for E-CID.

Observation 3:
The same algorithm which can be used in E-SMLC to exploit CSI-RSRP measurements for E-CID positioning, can be already used in eNBs.
Observation 4:
No further signalling is required to consider the benefits of CSI-RSRP measurements for E-CID positioning.
Observation 5:
Using the benefits of CSI-RSRP measurements by mapping them to a location-related information (e.g. cell portion, AoA) has the least (almost no) UE/network/signalling impact. 
Observation 6:
The cell portion ID provides better position information compared to TP ID.

Observation 7:
The cell portion concept has been already introduced in the standard as an E-CID enhancement.
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