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1 Introduction
In RAN1#79bis, the working assumptions of evaluation scenarios and assumptions for the study on indoor positioning were agreed in [5] with the following FFS: 
· FFS synchronization error

· FFS the number of floors (up to 8)

· FFS whether or not to additionally have different carrier frequencies for macro and small cells

· E.g., 2GHz macro + 3.5GHz small cells

· FFS the cluster/density of small cells

· FFS whether the total number of small cells can be zero

· FFS UE dropping model

· For outdoor macro + outdoor small cell scenario

· FFS the antenna height for small cells

· For outdoor macro + indoor small cell scenario

· FFS whether to use single or dual-strip model for indoor small cells

The detailed simulation parameters for OTDOA were also agreed in [6] with FFS on synchronization error and 0dB power boosting as optional.

This paper discusses the remaining FFS items of the deployment scenarios and evaluation methodology for evaluation of positioning technology for indoor positioning.   
2 Remaining Details of Deployment Scenarios and Evaluation Methodology for Indoor Positioning

2.1 Synchronization Error

Potential network synchronization methods include GNSS, network-based synchronization, and air interface synchronization.  
GNSS uses absolute time as the primary reference time for each base station to synchronize.  Network synchronization by GNSS uses GNSS timing to slave drive the local oscillator at the network node.   The synchronization error of GNSS synchronization is caused by phase noise generated along the signal path between the transmitter and the local oscillator.  For eNB synchronization, the transmission path is the path from the clock board to the antenna.  The synchronization error caused by phase noise generated on the transmission path ranges from 10 - 100 ns depending on the length of the path and the number of components.  GNSS synchronization is limited by the lack of satellite coverage in some environments, such as indoor environments.   

Network-based synchronization methods aim for each network element to synchronize with the timing generated from one primary reference source.   Network synchronization could be achieved by timing signals from backhaul transport, such as T3 or OC24 carrier, or a synchronization protocol, such as as IEEE 1588.  Telecommunication networks are synchronous networks.  ITU-T defines the synchronization reference chain for synchronous digital hierarchical (SDH) networks.   SDH has one master clock as the primary reference clock at the top of the hierarchy (stratum 1) and carries the timing information to the network elements in the lower strata (strata 2, 3, and 4).   The ITU-T SDH specification covers the requirements for frequency stability of the oscillator, hold-over stability, pull-in range, wander filtering, and phase transients, at each network element from stratum 1 backbone network to stratum 4 end office, CPE network, and wireless networks, to perform network synchronization.   SDH provides timing for each network element as the reference timing through a digital transmission line, such as OC12, to discipline the local oscillator to achieve network synchronization.   However, the accuracy of network synchronization in SDH gets worse as the timing reference signal travels from the top of hierarchy (stratum 1) to the bottom of the hierarchy (stratum 4).   The accuracy of network synchronization in SDH network ranges from 1 ns for stratum 1 to 50 (s for stratum 4.  
IEEE 1588 defines a synchronization protocol and procedure based on client-server architecture [5].  IEEE 1588 is designed to support local network synchronization in packet-switching networks.  An IEEE 1588 grand server retrieves the reference time from the primary time server (PTS) and sends the reference time through the packet based network to slave-drive the local clock at the 1588 client.     For eNB synchronization, each eNB is considered as an IEEE 1588 client and synchronized with the IEEE 1588 grand master, which could be the macro cell or one of the small cells, through an IP network with non-ideal backhaul.   IEEE 1588v2 transparent clock protocol with 2-way correction could control the synchronization accuracy in the range of 100’s ns or within 100 ns in a congested traffic environment.  IEEE 1588v2 is a good alternative to the GPS for indoor small cell synchronization to control the synchronization error around 100 ns.            
Proposal 1: Existing network synchronization methods, such as GNSS, IEEE 1588, are feasible for macro cell and indoor/outdoor small cell synchronization with a mean synchronization error of 100 ns.         
2.2 Building Height  
The primary target of the indoor positioning study is to meet the new vertical positioning requirements.  The anticipated FCC vertical positioning accuracy requirement is (3 meters 67% of time.  The height of each floor in modern office or apartment buildings is less than 3 meters (range from 2.4 to 3 meters depending on the type of building.  New vertical positioning requirement to be (3 meters 67% of time implies that the tolerable error is (1 floor error for vertical positioning.  In a 4-storey building, a random guess of the floor with equal probability will reach vertical accuracy (3 meters 62.5% of time (if the UE has equal likelihood of being on any of the four floors), which is not far short of the expected FCC requirement without any measurements.  It is therefore more meaningful to consider taller buildings in the study.   
Proposal 2:  The number of floors in a building should be 8 in the simulation assumptions.  
2.3 Additional carrier frequencies for macro and small cells 
The deployment scenario in the simulation assumptions in [5] uses a co-channel heterogeneous network (HetNet) deployment for the study of indoor positioning.  The co-channel HetNet deployment scenario assumes the carrier frequency being 2 GHz for both macro and small cells.   The co-channel HetNet deployment for indoor positioning enables UEs to perform RSTD measurements on the same frequency from both macro and small cells.  The additional proposal is to consider a non-cochannel HetNet deployment with different carrier frequencies at the macro cell and small cells (e.g., 2GHz macro + 3.5GHz small cells).  For OTDOA in a non-cochannel HetNet deployment scenario, the UEs need to have dual receivers for RSTD measurements.   For UTDOA in a non-cochannel HetNet deployment scenario, the UEs need to transmit SRS on both carrier frequencies, which will reduce the available power for SRS transmission on each carrier by 3 dB.   There is therefore very little advantage to support non-cochannel HetNet deployment for indoor positioning.  
Proposal 3: No additional carrier frequency is assumed for small cells in the indoor positioning study.  
2.4 Density of small cells
The deployment scenario in the simulation assumptions in [5] defines a building with each floor occupying 50x120 m as shown in Figure 1.  Four indoor small cells are dropped horizontally as shown in Figure 1.  From Figure 1, each indoor small cell covers 50x30 m.  Based on such a simulation assumption, cell ID association (CID) could be used to identify UE location without any other terrestrial positioning technologies (E-CID) and meet the anticipated new FCC E911 requirements with 50 meters accuracy horizontally 67% of the time and 3 meters accuracy vertically 67% of the time.   The proposed indoor small cell deployment scenario will meet the regulation requirements but is not realistic in the field deployment.  
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Figure 1: Indoor small cell dropping

Proposal 4:  The density of indoor small cells should be defined similar to hot spot/hot zone small cell deployment scenario in Rel-12 SCE with a total of 4 to 10 small cells in entire building within a macro cell.   The number of small cells could be zero on some floors.  
2.5 UE dropping model
The UE dropping methodology in [5] is based on UE dropping in Rel-12 SCE and most of LTE-A study/work items.  The uniform UE dropping cross the indoor and macro area with 80% UEs indoor is specified based on the statistics of mobile user distributions in the field.  In the indoor positioning study, an indoor UE is set as the target for location identification.  The positioning technologies use the signals received at or transmitted from the target UE to derive the UE location.  The other UEs in the UE dropping area create interference.  The UE distribution might not affect the statistics of interference in the evaluation for some positioning technologies, such as E-CID or OTDOA.  Thus, no additional UE dropping method is needed for indoor positioning study.   
Proposal 5: No additional UE dropping method is considered in indoor positioning study.    

2.6 Antenna Height for outdoor macro + outdoor small cell scenario 
In dense urban deployments, macro cells are homogeneously deployed across the area, with the antenna height being at the rooftop level of high rise buildings as shown in Figure 2.  By contrast, the small cells outdoors are distributed uniformly up and down the height of building. 
Proposal 6: Macro cells are dropped homogeneously on the rooftops of 8-storey high rise buildings with each floor being 3-meters in height.  Small cells are placed linearly and uniformly in the vertical dimension within 8-storey high rise buildings. 
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Figure 2: Heterogeneous network with dense small cells deployment is used as the scenario for indoor positioning study
2.7 Channel Model for outdoor macro + indoor small cell scenario
The modeling of signal propagation and propagation loss through the external walls, internal walls, floors are key to the model for indoor positioning.  The dual strip indoor model used for the study of femto cells in LTE-A captures the propagation loss explicitly through walls and floors, compared to the InH model which has abstract penetration through a path loss model.  The dual strip model was calibrated with measurements during the study of femto cells in Rel-9.  Therefore, the dual strip model should be used as the indoor propagation channel model for indoor positioning.  

Proposal 7:  Dual Strip model should be used as the channel model for macro + indoor small cell scenarios in addition to InH model.  

3 Conclusions
In this contribution, we analyze the remaining details of modeling of system parameters for simulations to evaluate technologies for indoor positioning.  We propose:
· Proposal 1: Existing network synchronization methods, such as GNSS, IEEE 1588, are feasible for macro cell and indoor/outdoor small cell synchronization with a mean synchronization error of 100 ns.         
· Proposal 2:  The number of floors in a building should be 8 in the simulation assumptions.  
· Proposal 3: No additional carrier frequency is assumed for small cells in the indoor positioning study
· Proposal 4: The density of indoor small cells should be defined similar to hot spot/hot zone small cell deployment scenario in Rel-12 SCE with a total of 4 to 10 small cells in each entire building within a macro cell.   The number of small cells could be zero on some floors.  
· Proposal 5: No additional UE dropping method is considered in indoor positioning study.
· Proposal 6: Macro cells are dropped homogeneously on the rooftops of 8-storey high rise buildings with each floor being 3-meters in height.  Small cells are placed linearly and uniformly in the vertical dimension within 8-storey high rise buildings.
· Proposal 7:  Dual Strip model should be used as the channel model for macro + indoor small cell scenarios in addition to InH model.  
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