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1 Introduction
At the September 2014 RAN plenary meeting, it was agreed to start a SI on indoor positioning [1]. The RAN guidance was to focus on evaluation scenario, asumption and channel model in RAN1#78bis. This document focuses on channel model. Besides, the evaluation scenario and assumption are proposed in the coupled contribution [2] .
Indoor positioning is expected to be characterized by a different channel propagation model than outdoor positioning, where the base station and UE usually are located in indoor environment at the same time to ensure good coverage and reasonable propagation conditions.  Additionally, it is also typical deployment when base station is in outside and provides service for indoor UE.
In following sections, we look at existing channel models and investigate their applicability for indoor positioning:
· Sections 2 analyzes the existing and popular path loss models and fast fading models, including: 3GPP heterogeneous model, especially indoor hotspot model, which is preferred by SCE evaluation in Release10, Release11 and Release12; WINNER II A1 propagation model for typical indoor office environment; ITU 1238 and Cost231models which are with many parameters for indoor scenario.
· Section 3 shows the model of correlation, including the correlation between UE and eNB, the correlation among large-scale parameters, and the correlation among multi-floors.
2 Path loss models and fast fading models 
Typical scenario of indoor positioning is that UE and eNB are located in indoor environment at the same time. Additionally, UE is located in indoor and eNB is deployed in outdoor. For example, Macro/Micro cell is deployed in outdoor environment, which provides the service to indoor UE. The corresponding channel modeling should to be suitable of the corresponding scenario, including the channel model from indoor cell to indoor UE, outdoor macro cell to indoor UE, and outdoor pico/micro cell to indoor UE. 
2.1 Indoor cell to indoor UE
For indoor propagation model, there are many existing and popular path loss models, such as, 3GPP heterogeneous models, WINNER II A1 model, ITU 1238 model, and Cost231 model, and so on. 
3GPP SCE SI [3] provides indoor pico scenario and a full set of channel models for evaluation. The indoor pico scenario is a typical model for indoor hotspot evaluation. In this model, the pico node has a 6m antenna height and the UE with 1.5m height, which is suitable for typical indoor open area scenario.
WINNER II A1 model [4] is suitable for indoor environment with isolated small rooms with corridors, e.g., the office and dormitories, etc. In this scenario, the NLoS case includes the following:
· Transmitter is in corridor, and the receiver is in a room or the other corridor.
· Transmitter is in the room, and the receiver is in another room.
ITU-1238[5] provides the propagation model for terminals located below rooftop height. The parameters for this model include a frequency range between 300MHz to 3000MHz and antenna heights between 1.9m to 3.0m above ground. It also includes both LOS and NLOS models, and provides a statistical model for the corner distance between the LoS and NLoS regions. While, the path loss model is depended more details about the environment, such as, the material of building, the deployment of furniture, and so on. This model is the accuracy modeling for path loss; however, it is difficult for us to choose the reasonable parameter of building material.
Cost231 [6] provides the indoor propagation model also. While, the path loss model of COST231 does not give the methodology to separate the LOS and NLOS. Furthermore, its model divides many cases to show the path loss for indoor scenario, such as, one floor model, two floors model, multi-floors model, narrow band and wideband model, and so on. So it is difficult to use to evaluate the performance of indoor positioning with different model.
According to the previous contexts, we make the following proposals:

· Proposal 1: Path loss model and fast fading model for indoor hotspot scenario should be the indoor hotspot model referring to 3GPP SCE.
· Proposal 2: Path loss model and fast fading model for indoor office should be the WINNER II A1 model.
2.2 Outdoor cell to indoor UE

3GPP SCE model[3], the propagation model from outdoor cell to indoor UE, provide many types of link for channel modeling, which are including channel models from macro cell to indoor UE, outdoor micro/pico cell to indoor UE. The height of UE is 1.5m. The height of cell is 10m. When UE is located in indoor environment with multi-floors, it is out of range of this model. 

3GPP 3D channel model [7], the channel model is revised from 2D model to 3D model. The height of UE is from 1.5m to 22.5m due to deployment of multi-floor building, which is matched well with indoor positioning environment. It is suggested to reuse the 3D channel model from outdoor cell to indoor UE for indoor positioning. 
· Proposal 3: Path loss model and fast fading model for outdoor cell to indoor UE should reuse the ITU UMa for macro cell and ITU UMi for micro/pico cell with 3D channel model.
3 The correlation model
In a cellular network, the correlation could be defined: a) between different UEs being connected to the same cell and b) correlations of links from the same UE to multiple cells. So, for simplicity and calibration, we propose to reuse the ITU correlation model between large-scale parameters [4]  for the communication links at the start.
· Correlation between MS and BS
The correlations between MS and BS are including the correlation propertied of links from same MS to multiple BSs, from same BS to multiple MSs, and inter-correlations between links of one MS to multiple cells of the same BS. Considering the application of indoor positioning, the correlation can be configured as：
· The Correlation propertied of links from same MS to multiple BS: 0 referring to [4];

· The Correlation propertied of links from same BS to multiple MSs: based on the correlation distance referring to [4]

 REF _Ref399235205 \r \h 
[7];
· Inter-correlations between links of one MS to multiple cells of the same BS: 1.
· Correlation among large-scale parameters
Concerning on the correlation of the parameters, it is assumed that for the same link, the large-scale parameters, i.e., the DS, ASA, ASD, and K factor would be correlated with each other. Their correlation is also listed in [4][7] for different scenarios.
· Correlation among multi-floors
The correlation among multi-floors is independent.
Although the actual correlations could be modeled, we make it independent for simplification of system simulation. If it is not enough, the further study is needed. So we propose that:
· Proposal 4: The correlation between MS and BS should reuse the model of [4]

 REF _Ref399235205 \r \h 
[7].
· Proposal 5: The correlation of large-scale parameter, i.e., the DS, ASA, ASD, and K-factor should be modeled referring to [4]

 REF _Ref399235205 \r \h 
[7] .
· Proposal 6: The correlation among multi-floors is independent.
4 Conclusion

In this contribution, we discussed the indoor channel model to fit elevation indoor positioning purposes. Based on the discussion, we have the following proposals: 
· Proposal 1: Path loss model and fast fading model for indoor hotspot should be the indoor hotspot model referring to 3GPP SCE.
· Proposal 2: Path loss model and fast fading model for indoor office should be the WINNER II A1 model.
· Proposal 3: Path loss model and fast fading model for outdoor cell to indoor UE should reuse the ITU UMa for macro cell and ITU UMi for micro/pico cell with 3D channel model.
· Proposal 4: The correlation between MS and BS should reuse the model of [4]

 REF _Ref399235205 \r \h 
[7].
· Proposal 5: The correlation of large-scale parameter, i.e., the DS, ASA, ASD, and K-factor should be modeled referring to [4]

 REF _Ref399235205 \r \h 
[7] .
· Proposal 6: The correlation among multi-floors is independent.
The possible enhancements are also discussed in [8].
Appendix A: channel model from indoor cell to indoor UE
The model equations for indoor hotspot and indoor office scenario and models are listed as following tables:
Table 1 the channel model for indoor hotspot scenario of 3GPP SCE
	Cases
	Path Loss (dB)

Note: fc is given in GHz and distance in km!
	Shadowing standard deviation
	Penetration Loss
	Fast Fading 

	UE to RRH/Hotzone
	(1) UE is inside a different building as the indoor hotzone
	PL(dB) =Max(125.1+42.8log10(R)+20log10(fc), 141.4+43.3log10(R)+20log10(fc))
For 2-6 GHz, R in km

	10dB
	46 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)
	ITU InH (NLOS) 

	
	(2) UE is outside 
	PLLOS(R)= 83.5 + 16.9log10(R)+20log10(fc) 
PLNLOS(R)= 141.4+43.3log10(R)+20log10(fc)
For 2-6 GHz, R in km
Prob(R)=
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	LOS: 3dB

NLOS: 4dB
	23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ]  for each link)
	ITU InH 

	
	(3) UE is inside the same building as the indoor hotzone
	
	
	0dB within the same floor;18.3 dB between different floors
	


Table 2 the channel model for indoor office scenario of WINNER II A1
	Cases
	Path Loss (dB)

Note: fc is given in GHz and distance in km!
	Shadowing standard deviation
	Penetration Loss
	Fast Fading 

	UE to RRH/Hotzone
	(1) UE is inside a different building as the indoor hotzone
	Same to indoor hotspot


	
	(2) UE is outside 
	Referring to [WINNER II A1]
	Referring to [WINNER II A1]
	23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ]  for each link)
	WINNER II A1

	
	(3) UE is inside the same building as the indoor hotzone
	
	
	0dB within the same floor;18.3 dB between different floors
	


Appendix B: channel model from outdoor cell to indoor UE

The model equations for outdoor to indoor scenario and models are listed as following tables:
	Cases
	Path Loss (dB)
Note: fc is given in GHz and distance in km!
	Shadowing standard deviation
	Penetration Loss
	Fast Fading

	UE to Macro cell
	(1) UE is outside
	PLLOS(R)= 97.4+24.2log10(R)+20log10(fc) 
PLNLOS(R)= 125.1+42.8log10(R)+20log10(fc) 
For 2-6 GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	0dB
	ITU UMa

	
	(2) UE is inside 
	
	
	20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	

	UE to Micro/pico
	
	For LOS:

PLLOS(d) = 22.0log10(d3D) + 28.0 + 20log10(fc)

,for 10m < d2D < d'BP1)
PL LOS(d) = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2),

For d'BP < d2D < 5000m1)
For NLOS:

PLNLOS(d) = max(PL3D-UMi-NLOS, PL3D-UMi-LOS),

PL3D-UMi-NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5)
	LOS:3dB
	20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	ITU UMi

	
	
	
	NLOS:4dB
	
	


NOTE 1:
Break point distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In 3D-UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT  are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m.
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