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1. Introduction
In RAN1 #64, we have agreed to work to converge on an optional enhancement covering indoor/outdoor UE dropping model. The model work was intended to work on model in which can be used for later work item, but not intended as a channel model to be used during the CoMP phase study. In this contribution, we give some suggestions on what the modeling we should be.
2. Indoor/Outdoor Modeling
In order to finalize the indoor/outdoor modeling we need to formulate 3 parameters.
1) UE dropping probability for UE dropping model 1/4b.

2) Pathloss model which includes Outdoor to Indoor Penetration

3) Outdoor to Indoor transmission spatial channel parameters
We proposed to generally use the ITU UMi indoor/outdoor model as much as possible and extend any other additional parameters needed. The following tables are captured from ITU-R M.2135-1 2009 document regarding the UMi channel model.

Table 1. ITU UMi deployment description
	Deployment scenario for the evaluation process
	Urban
micro‑cell

	Layout(1)
	Hexagonal grid

	Inter-site distance
	200 m

	Channel model
	Urban micro model (UMi)

	User distribution
	Randomly and uniformly distributed over area. 50% users outdoor (pedestrian users) and 50% of users indoors

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 

	UT speeds of interest
	3 km/h

	Inter-site interference modeling(2)
	Explicitly modelled

	BS noise figure
	5 dB

	UT noise figure
	7 dB

	BS antenna gain (boresight)
	17 dBi

	UT antenna gain
	0 dBi

	Thermal noise level
	–174 dBm/Hz


Table 2. ITU UMi pathloss model
	Scenario
	Path loss (dB)
Note: fc is given in GHz and distance in m!
	Shadow fading std (dB)
	Applicability range, antenna height default values

	Urban Micro (UMi)
	LoS
	PL = 22.0 log10(d) + 28.0 + 20 log10(fc) 

PL = 40 log10(d1) + 7.8 – 18 log10(h′BS) –18 log10(h′UT) + 2 log10(fc)
	( = 3

( = 3
	10 m < d1 < d′BP (1)

d′BP < d1 < 5 000 m(1)
hBS = 10 m(1), hUT  = 1.5 m(1)

	
	NLoS
	Manhattan grid layout:
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        PLLOS: path loss of scenario UMi LoS and 
        k,l ( {1,2}.

Hexagonal cell layout:

PL = 36.7 log10(d) + 22.7 + 26 log10(fc)
	(  = 4


(  = 4
	10 m < d1 + d2  < 5 000 m,

w/2 < min(d1,d2 )(2)
w = 20 m (street width)

h′BS = 10 m, hUT  = 1.5 m.

When 0 < min(d1,d2 )  < w/2 , the LoS PL is applied.


10 m < d < 2 000 m
hBS = 10 m
hUT =1-2.5 m


	 
	O-to-I
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Manhattan grid layout (θ known):
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For hexagonal layout (θ unknown):

PLtw = 20, other values remain the same. 
	 = 7
	10 m < dout + din< 1 000 m,

0 m < din< 25 m,

hBS = 10 m, hUT = 3(nFl -1)
+ 1.5 m,

nFl = 1

Explanations: see (3)


Table 3. ITU UMi LOS probability
	Scenario
	LoS probability as a function of distance, d (m)

	UMi
	PLOS = min (18/d,1) ( (1 – exp (–d / 36)) + exp (–d / 36)

(for outdoor users only)


Table 4. ITU UMi Channel Model parameters
	Scenarios
	UMi
	UMa

	
	LoS
	NLoS
	O–to–I
	LoS
	NLoS

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

	
	(
	0.40
	0.54
	0.32
	0.66
	0.39

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

	
	(
	0.43
	0.17
	0.42
	0.28
	0.28

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

	
	(
	0.19
	0.15
	0.16
	0.20
	0.11

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

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

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

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

	
	ASA vs DS
	0.8
	0.4
	0.4
	0.8
	0.6

	
	ASA vs SF
	–0.4
	–0.4
	0
	–0.5
	0

	
	ASD vs SF
	–0.5
	0
	0.2
	–0.5
	–0.6

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

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4

	
	ASD vs K
	–0.2
	N/A
	N/A
	0
	N/A

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

	
	DS vs K
	–0.7
	N/A
	N/A
	–0.4
	N/A

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

	Delay distribution
	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

	XPR (dB)
	(
	9
	8.0
	9
	8
	7

	Number of clusters
	12
	19
	12
	12
	20

	Number of rays per cluster
	20
	20
	20
	20
	20

	Cluster ASD
	3
	10
	5
	5
	2

	Cluster ASA
	17
	22
	8
	11
	15

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

	Correlation distance (m)
	DS
	7
	10
	10
	30
	40

	
	ASD
	8
	10
	11
	18
	50

	
	ASA
	8
	9
	17
	15
	50

	
	SF
	10
	13
	7
	37
	50

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


2.1. User Distribution

The ITU UMi user distribution suggests indoor/outdoor user probability to be equal 50%-50%. This seems reasonable since we are simulating performance to see users in outdoor as well as indoor. One thing we have to agree and finalize is the user distribution in case of model 4b where UEs are heavily concentrated in pico nodes. The question is whether or not we only apply indoor/outdoor user probability to the users near the pico area or not. Our recommendation is not to differentiate the users for model 4b, and apply indoor/outdoor probability to be always 50%-50%.
Recommendation:

	User distribution
for both UE dropping model 1 and 4b
	Randomly and uniformly distributed over area. 50% users outdoor (pedestrian users) and 50% of users indoors


2.2. Pathloss Model
We suggest taking the pathloss penetration model from UMi and applying to both Macro-UE and Pico-UE channels. Although there are two models for UMi, namely hexagonal layout and the Manhattan gird layout we should only use the hexagonal layout model.
If the UE is considered to be indoor then we apply the following pathloss formula.
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(2)
The din value should be a random value picked uniformly from [ 0, min(25,d) ]m independently computed for each Macro-UE and Pico-UE link. The d value is the distance from the UE to the transmission node. The PLLOS/NLOS is the pathloss which is either LOS pathloss of the link or the NLOS pathloss of the link. The restriction where indoor users are only NLOS from the ITU should be removed. This is because even users indoor may have LOS components such as rays coming through the window.
Recommendation:

	Pathloss model
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d : distance between UE and transmission node

din : independent uniform random value between [ 0, min(25,d) ] for each link
PLLOS/NLOS : pathloss of LOS or NLOS computed using the LOS probability for the given link. (Note that ITU UMi LOS probability is also used for indoor users).


2.3. Channel Model Parameters
Although most of the parameters can be derived from the ITU UMi mode, the most problematic parameter is the channel model parameters such as AS, K, etc. The parameters for Outdoor-to-Indoor channel model is already explicitly define for UMi link, but no such parameters exist for UMa links. Thus our suggestion is to reuse the UMi parameters also for UMa until further investigations on the appropriate values have been defined.
Recommendation:

	Scenarios
	UMi
	UMa

	
	LoS
	NLoS
	O–to–I
	LoS
	NLoS
	O–to–I

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

	
	(
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

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

	
	(
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42

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

	
	(
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

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

	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
	0.4

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

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

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

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4
	0

	
	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
	2.2

	XPR (dB)
	(
	9
	8.0
	9
	8
	7
	9

	Number of clusters
	12
	19
	12
	12
	20
	12

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	Cluster ASD
	3
	10
	5
	5
	2
	5

	Cluster ASA
	17
	22
	8
	11
	15
	8

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

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

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

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


3. Conclusion

In summary, we proposed to adopt the suggestions in section 2.1, 2.2 and 2.3 of this contribution.
4. Reference

[1] Report ITU-R M.2135-1 2009, “Guidelines for evaluation of radio interface technologies for IMT-Advanced.”
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