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1 Introduction

In the last meeting (RAN1 #64) there were agreement on the channel modeling framework to use for evaluations of heterogeneous deployments for phase 2 of the CoMP study item [1]. In short the agreement can be summarized as:

· Channel models are based on ITU channel models for IMT-A evaluations [2][3]
· Macro layer is modeled based on ITU Urban Macro, with the following exceptions

· All terminals are modeled as being outdoors, and the in-car penetration loss is removed
· Pico layer is modeled using ITU Urban Micro (hexagonal layout), with the modifications
· All users are dropped outdoors

· Carrier Frequency: 2GHz
The agreement allowed for consistent channel modeling (including fast fading) for both the pico and the macro layer in parallel. The main caveat is the lack of indoor modeling, considering that usage of high speed data services are anticipated to be dominated by indoor users. The agreement was a consequence of the lack of outdoor to indoor propagation modeling in ITU Urban Macro, which restricted the overlap with ITU Urban Micro to outdoor users.

Next we propose an extension to the ITU Urban Macro for modeling of indoor users, which allows for a more realistic outdoor and indoor users distribution in coming evaluations.

2 Extension of ITU Urban Macro to Indoor Terminals

ITU Urban Micro has a well established modeling of indoor users (outdoor-to-indoor modeling), where both the path-loss as well as other channel parameters are affected by the outdoor-indoor realization of a terminals. In the following we extend also the ITU Urban Macro model, and strive for as much commonality as possible with ITU Urban Micro. The most tangible effect of indoor users is the additional path-loss induced by the building penetration.

2.1 Extension of ITU Urban Macro Path Loss Model
In ITU UMi, the path-loss of indoor users is modeled as 

	
	PL = PLout(d) + PLtw + PLin
	(1)


where PLout is the corresponding outdoors pathloss (also taking into account the LOS realization to the wall, which has the same LOS-probability as an outdoor user), PLtw is through-wall penetration loss (20 dB), and 

	
	PLin = α din 
	(2)


is the path-loss inside the building, where α is the attenuation coefficient (0.5) and din is the indoor distance from wall to the UE, which is uniformly distributed in [0,25] (meters). 
It is reasonable to assume that the indoor penetration loss affects the macro layer similarly as the pico layer, and we therefore propose to adopt the UMi indoor penetration loss modeling also for ITU UMa:
Proposal:

· Adopt the same building penetration loss model as in ITU Urban Micro; that is

· PL = PLout(d) + PLtw + PLin, where
· PLtw = 20 dB

· PLin = 0.5 din (din uniformly distributed in [0, 25] )

· PLout is the corresponding UMa outdoors path-loss (also taking into account the LOS realization to the wall)

· Each link has a unique building penetration loss realization

2.2 Other UMa parameters in Indoor

In ITU UMi, not only the path-loss is affected by an indoor UE realization, but also most parameters relating to shadow fading, delay spread, and fast fading parameters such as AoA spread, AoD spread (as well as correlation properties between these parameters). The settings of these parameters are found in TABLE A1-7 in [2]. For convenience these parameters, and their settings for UMi and UMa, are summarized in Table 1, in Appendix. For a complete indoor modeling for ITU UMa, the parameter settings for the Outdoor-to-Indoor case in UMa must be completely defined. 
Our proposal is to reuse the parameter settings from UMa NLOS case also for indoor users as a starting point. 

Proposal:

· Reuse the shadow fading, and fast fading parameter settings from NLOS UMa also for O-to-I UMa, as summarized in Table 1, as a starting point
· The drop realization of different deployment layers are modeled as independent

· Realizations of shadow fading, ASA, ASD, DS, K, etc, are independent between deployment layers.

It should however be emphasized that many parameters need further study for more accurate modeling, in particular AoD spread, standard deviation of shadow fading, number of clusters, and cluster ASA, may need to be revised.
Observation:

· Delay spread, standard deviation of shadow fading, number of clusters, and cluster ASA, may need to be revised, based on measurements and other observations

2.3 Outdoor-Indoor probability

The outdoor-indoor dropping of a terminal is a realization that affects both the macro links and the pico link(s) to a UE. Therefore, the outdoor-indoor probability must be harmonized for UMa and UMi when they are used to model the different layers of a single deployment. The outdoor to indoor probability as traditionally defined in UMI Urban Micro is 50%, but in our experience, the indoor user probability in today’s networks is significantly larger. We therefore propose to adopt an outdoor-indoor dropping probability of 80% indoor users.
Proposal:

· UEs are dropped indoors with 80% probability

· The outdoor-indoor drop realization of a UE is shared by all deployment layers (shared by UMi and UMa)

3 Modeling of Coverage Limited Scenarios
ITU UMa with the proposed extended indoor modeling covers a typical deployment well, but is lacking in the modeling of the coverage limited scenario, which in practice can very well be the case with a 500 m ISD, due to e.g., difficult propagation conditions, feeder loss, reduced antenna efficiency, etc. In Figure 1 the CDF of the coupling gain for ITU UMa with the proposed O-to-I extension is shown. LTE supports coupling gains below -140 dB, whereas the modified ITU UMa model has a 1st percentile at -135dB (and a 5th percentile at -131dB).

To model a coverage limited scenario, an additional efficiency loss of 5 to 10 dB is therefore motivated Such a loss should be applied equally on all links (off all deployment layers), as not to change the balance between deployment layers.
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Figure 1 – Shows the coupling gain for ITU UMa with 80% indoor UEs and proposed O-to-I path-loss model (i.e., reuse building penetration loss model from UMi).
Proposal:

· Introduce an efficiency loss parameter, Peff,  that is appended to the path-loss of all deployment layers
· Default value of Peff is 0 dB

· Optional value of Peff is 7 dB, corresponding to a coverage limited deployment

4 Distance Definition
Traditionally, cellular channel modeling has assumed a relatively large distance between the UE and a base station (BS) . However, as smaller coverage areas (e.g., Pico nodes) are to be modeled, the exact definition of the distance measure becomes more relevant. In the 3GPP channel model descriptions, as well as the ITU channel model descriptions [2]

 REF _Ref292023620 \r \h 
[3], the distance d to a terminal is not fully defined; that is, is the distance referring to the two dimensional distance (distance in the ground plane), or the actual three dimensional distance between the BS antenna, and the UE.

For small coverage areas, where the terminal distance (in ground plane) may be of similar magnitude as the Pico node height, the 3D distance may be substantially larger than the distance in the ground plane. In our view, for terminals close to a BS the 3D distance is more relevant (and at larger distances, it does not make a difference). Therefore we propose that the UE to BS distance, d is defined as:

Proposal:
· The UE to BS distance, d, is defined as the 3 dimensional distance between the BS antenna position and the UE antenna position

5 Conclusion

Herein we propose a starting point for the extension of ITU UMa for indoor user modeling. The ambition was to harmonize the modeling with the current ITU UMi indoor models. 

Proposed Indoor-to-Outdoor extension of ITU UMas:

· Adopt the same building penetration loss model in ITU UMa as in ITU UMi; that is

· PL = PLout(d) + PLtw + PLin, where
· PLtw = 20 dB

· PLin = 0.5 din (din uniformly distributed in [0, 25] )

· PLout is the corresponding UMa outdoors path-loss (also taking into account the LOS realization to the wall)

· Each link has a unique building penetration loss realization

· Reuse the shadow fading, and fast fading parameter settings from NLOS UMa also for O-to-I UMa, as summarized in Table 1, as a starting point

· The drop realization of different deployment layers are modeled as independent

· Realizations of shadow fading, ASA, ASD, DS, K, etc, are independent between deployment layers.

· Introduce an efficiency loss parameter, Peff,  that is appended to the path-loss of all deployment layers
· Default value of Peff is 0 dB

· Optional value of Peff is 7 dB, corresponding to a coverage limited deployment

· The UE to BS distance, d, is defined as the 3 dimensional distance between the BS antenna position and the UE antenna position

Observation:

· Delay spread, standard deviation of shadow fading, number of clusters, and cluster ASA, of the proposed O-to-I extension of UMa may need to be revised, based on measurements and other observations.

Other proposals:

· For phase 2 evaluations, UEs are dropped indoors with 80% probability

· The outdoor-indoor drop realization of a UE is shared by all deployment layers (shared by UMi and UMa)

· The UE to BS distance, d, is defined as the 3 dimensional distance between the BS antenna position and the UE antenna position
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7 Appendix

Table 1 – Summary of parameter settings for ITU UMi and UMa 

with proposed O-to-I extension to UMa highlighted

	Scenarios
	UMi
	UMa

	
	LoS
	NLoS
	O–to–I
	LoS
	NLoS
	Proposed O-to-I

	Delay spread (DS)
log10(s)
	(
	–7.19
	–6.89
	–6.62
	–7.03
	–6.44
	–6.44

	
	(
	0.40
	0.54
	0.32
	0.66
	0.39
	0.39

	AoD spread (ASD) log10(degrees)
	(
	1.20
	1.41
	1.25
	1.15
	1.41
	1.41

	
	(
	0.43
	0.17
	0.42
	0.28
	0.28
	0.28

	AoA spread (ASA) log10(degrees)
	(
	1.75
	1.84
	1.76
	1.81
	1.87
	1.87

	
	(
	0.19
	0.15
	0.16
	0.20
	0.11
	0.11

	Shadow fading (SF) (dB)
	(
	3
	4
	7
	4
	6
	6

	K–factor (K) (dB)
	(
	9
	N/A
	N/A
	9
	N/A
	N/A

	
	(
	5
	N/A
	N/A
	3.5
	N/A
	N/A

	Cross–correlations*
	ASD vs DS
	0.5
	0
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.4
	0.4
	0.8
	0.6
	0.6

	
	ASA vs SF
	–0.4
	–0.4
	0
	–0.5
	0
	0

	
	ASD vs SF
	–0.5
	0
	0.2
	–0.5
	–0.6
	–0.6

	
	DS vs SF
	–0.4
	–0.7
	–0.5
	–0.4
	–0.4
	–0.4

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4
	0.4

	
	ASD vs K
	–0.2
	N/A
	N/A
	0
	N/A
	N/A

	
	ASA vs K
	–0.3
	N/A
	N/A
	–0.2
	N/A
	N/A

	
	DS vs K
	–0.7
	N/A
	N/A
	–0.4
	N/A
	N/A

	
	SF vs K
	0.5
	N/A
	N/A
	0
	N/A
	N/A

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	Delay scaling parameter r(
	3.2
	3
	2.2
	2.5
	2.3
	2.3

	XPR (dB)
	(
	9
	8.0
	9
	8
	7
	7

	Number of clusters
	12
	19
	12
	12
	20
	20

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	Cluster ASD
	3
	10
	5
	5
	2
	2

	Cluster ASA
	17
	22
	8
	11
	15
	15

	Per cluster shadowing std ( (dB)
	3
	3
	4
	3
	3
	3

	Correlation distance (m)
	DS
	7
	10
	10
	30
	40
	40

	
	ASD
	8
	10
	11
	18
	50
	50

	
	ASA
	8
	9
	17
	15
	50
	50

	
	SF
	10
	13
	7
	37
	50
	50

	
	K
	15
	N/A
	N/A
	12
	N/A
	N/A













































































