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Introduction

This contribution addresses action item 2 in RAN-2 LS R1-070642:
2) RAN2 would kindly ask RAN1 to provide RAN2 with an estimate of the camping times in CELL_FACH that would benefit from a measurement reporting update mechanism.
In the tdoc we have prepared a quick analysis of the average update rate for CPiCH measurement for link adaptation in cell-FACH. It is built on Nokia R1-071170 [1] and adds micro environment and shadowing effects. 

As in [1] we assume a report is sent every time the (averaged) measurement value is changed by ±3dB. This is a reasonable value as it reflects the uncertainty of the measurement itself. 
. 
Analysis of contributors to path loss change
The two major contributions to change in path loss are the change in average path loss due to change in distance from base station and the change in slow fading, also called shadowing. The two are independent and therefore additive.

Change in distance:

In [1] Nokia presented the propagation for macro cell:


[image: image1.wmf](

)

R

Lp

10

log

6

.

37

1

.

128

×

+

=
























(eq. 1)

And from it derived 
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(eq. 2)

We could see that the propagation law (3.76 in this case) plays an important factor in the rate of change. For micro cell other propagation regimes have been modeled in 25.814 (see appendix) as 
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(eq. 3)
For outdoor – indoor and 
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(eq. 4)
For outdoor – outdoor. 
Comparing equations 3, 4 to 1 it would seem that, appropriately scaled for distance, the rate of change due to distance for a micro cell would grow by a factor of 67/37 and 56/37 for outdoor – outdoor (NLOS) and outdoor – indoor respectively. For the outdoor – outdoor case approximately ½ of users will be in NLOS.
Writing more generically, we get
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(eq. 5)
Where ( is the propagation law, from which we can solve:

[image: image6.wmf](

)

1

10

10

/

-

=

D

D

a

L

R

R



























(eq. 6)
Next we define a “representative UE distance” as the expected distance from the base station. We then use it to compute the 3-dB change distance (assumed radial motion) and reporting rate in table 1 below
Table 1: Reporting distance and rate (highlighted) [1/sec] due to change of distance

	UE speed, [km/h]
	
	Macro
	Macro
	Macro
	Micro, indoor
	Micro, outddor
	Micro, outddor
(near base) 
	Micro, average

	
	ISD (
	500
	1000
	1500
	130
	130
	Range = 45
	

	
	Representative distance (
	111.1111
	222.2222
	333.3333
	43.33333
	58.33333
	30
	

	
	Prop. Law(
	3.76
	3.76
	3.76
	5.6
	6.7
	2
	

	
	Reporting, [m] (
	33.6126
	67.22519
	100.8378
	5.688949
	6.335185
	12.37613
	

	3
	0.833333
	0.024792
	0.012396
	0.008264
	0.146483
	0.13154
	0.067334
	0.099437

	30
	8.333333
	0.247923
	0.123961
	0.082641
	
	1.315405
	0.673339
	0.994372

	60
	16.66667
	0.495846
	0.247923
	0.165282
	
	
	
	

	120
	33.33333
	0.991692
	0.495846
	0.330564
	
	
	
	


The rates above need to be discounted by a factor of 2/( to account for the random direction of users. This would be done below when combining with shadowing.
Shadowing:
Shadowing has been modeled by ETSI, 3GPP et al. as a non-white log-Normal process with zero mean. The standard deviation and the correlation distance vary by scenario and are given in table 1. The correlation distance is defined as the distance over which the correlation falls to 0.5.
If we adopt a 3dB loss change as the reporting threshold and are interested in the average reporting rate we need to compute the reporting distance, defined as the distance over which the expected value of the absolute value of difference is equal to 3dB. Assuming that the process itself is a first order (simplest assumption) then it can be shown (see appendix) that 
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(eq. 7)
Where d0 is the correlation distance, ( is the standard deviation and V is the reporting threshold. The reporting distances are also brought in table 2. 
Finally we translate the distance to time interval and rate using the UE speed assumptions in 25.814, also listed in table-2.

Table 2: Reperting rate due to shadowing

	
	Macro
	Micro

Outdoor - in
	Micro

Outdoor- out

	Standard Deviation

[dB]
	8
	10
	10

	Correlation Distance [m]
	50
	10
	25

	3-dB reporting distance

[m]
	8.4
	1.1
	2.6

	UE speed  [km/h]
	3, 30, 60, 120
	3
	3, 30

	Reporting Interval [sec]
	10.1, 1, 0.5, 0.25
	1.3
	3.1, 0.31

	Reperting Rate [1/sec]
	0.1, 1, 2, 4
	0.76
	0.32, 3.2


We now need to consider the fact that RSCP measurements are averaged over 200ms. As this time is approximately equal to the reporting times computed above it does not significantly change them. 

Combined results:
Table 3: Combined reporting rate [1/sec]
	UE Speed [km/h]
	Macro
(small)
	Macro
(Med.)
	Macro
(large)
	Micro, indoor
	Micro, outddor
	Micro, outddor
	Micro, average

	3
	0.115791
	0.107896
	0.105264
	0.853301
	0.403784
	0.362888
	0.383336

	30
	1.157913
	1.078956
	1.052638
	0
	4.037837
	3.628879
	3.833358

	60
	2.315825
	2.157913
	2.105275
	0
	0
	0
	0

	120
	4.631651
	4.315825
	4.21055
	0
	0
	0
	0


Lastly, notice that the reporting intervals are just slightly longer than the RSCP measurement period (200ms). This is not a coincidence as the latter was determined so as to smooth over the fast fading, but not the slow fading or distance change.

Conclusion
As we can see and depending on UEs’ speed, the average reporting time is approximately one second to a fraction of a second (~0.2) for all scenarios except outdoor pedestrian (micro or macro) for which reporting times could be up to ~10 seconds. 
We invite other companies to investigate the matter.
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Appendix A: Derivation of reporting distance due to shadowing
1) Let 
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It follows that
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Now to the autocorrelation function.  

Consider the simplest continuous time filter – a first order filter 
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.  The constant C is there just for the normalization.  We use d as a variable since this is a function of distance.  u(d) is just the unitary step function.   

If we take white noise and pass it through this filter we get (easiest to show via Fourier transform) that the auto-correlation function of the result is 
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.  We don’t care about the constant up front, but do want r(0)=1.  So we take the autocorrelation function to be 
[image: image17.wmf]|

|

)

(

d

e

t

r

a

-

=

.  

Let d0 be the distance at which the autocorrelation function is exactly ½.  Then we get the relationship: 
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Finally, consider two fading measurements: X and Y at a distance d from each other.  We will now take the cross-correlation coefficient between these () to be given by (1).

Now we can put it all together.  Say we wish to set 
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(3)
Notes on accuracy of the analysis:

1) It assumes pure log-Normal distribution. For micro cells close to the antenna the loss value with this approximation could dip below free space propagation which is of course impossible (and clipped in simulations). This should not significantly change the outcome.

2) It assumes 1’st order process. It is the simplest and, due to lack of evidence to the contrary, should be preferred. It is of course not the only possible model but here too the outcome shouldn’t change drastically.
Appendix B: 
From 25.814:
A.2.1.1
Reference system deployments

A.2.1.1.1
Cell dimensions

A Macro-cell reference system deployment type is considered sufficient to characterize UTRA and EUTRA performance. The system simulation baseline parameters for the Macro-cell deployment model are given in Table A.2.1.1-3. The minimum set of simulation cases using assumptions in Table A.2.1.1-3 are given in Table A.2.1.1-1 along with additional assumptions related to carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed. Note that 100% of the users for a given simulation case are assigned the same ‘PLoss’ and speed.

The system simulation parameters for the micro cell scenario used for initial MIMO system level simulations are given in Table A.2.1.1-4.  The minimum set of micro cell simulation cases are given in Table A.2.1.1-2.
Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


Other scenarios may, and higher velocities (e.g. 120km/h) shall be also verified. 

Table A.2.1.1-2 EUTRA micro-cell simulation cases for MIMO

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	Outdoor-to-outdoor
	2.0
	130
	10
	Na
	3/30

	Outdoor-to-indoor
	2.0
	130
	10
	Na*
	3


* Penetration loss is included in the distance dependent pathloss model

Table A.2.1.1-3 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table A.2.1.1-1

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz [5]

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 [6]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table A2.1.1-1[11][15]

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speeds of interest
	3km/h, 30km/h, 120km/h, 350km/h

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	21dBm (125mW). 24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters [7]


Table A.2.1.1-4  Micro-cell system simulation parameters for initial or early MIMO simulation results 

	Parameter
	Assumption

	
	Outdoor to indoor
	Out-door to outdoor

	Cellular Layout
	Hexagonal grid, 19 cell sites, 1 sectors per site

	Inter-site distance
	See A.2.1.1-2

	Distance-dependent path loss
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	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [6]

	Shadowing standard deviation
	10 dB


	10dB

	Correlation distance of Shadowing
	10 m
	25 m

	Shadowing correlation
	Between cells
	0.0

	
	Between sectors
	na

	Penetration Loss  
	Included in Distance dependent pathloss model

	Antenna pattern  (horizontal)

(For omni cell sites with fixed antenna patterns)
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	Carrier Frequency
	CF= 2GHz

	Channel model
	According to Table A.2.1.2-1

	UE speeds of interest
	3km/h
	3km/h, 30km/h

	Total BS TX power (Ptotal)
	38 dBm – 10MHz carrier  [7] 

	UE power class
	21dBm (125mW). 24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by Ues), 

DL: Explicit modelling else cell power = Ptotal

	BS prostitution in the middle of the hexagon
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 10m (and minimum coupling loss of -53dB)

The distance dependent pathloss + shadow fading is lower limited to free-space distance dependent pathloss
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