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Introduction and scenarios

This document provides simulation parameters for a number of defined scenarios for use in coexistence analysis between collocated or neighbouring 802.16h [1] and 802.11y [2] systems. The scenarios are described in this section with the following sections providing reference to which parameters are applicable to which scenario. It is possible to combine scenarios; it is also possible to combine scenarios where a scenario is specific to a given technology.

The scenarios are described thus:
Scenario A
Outdoor only scenario with fixed subscribers
This scenario considers an outdoor deployment with fixed outdoor subscribers only.
Scenario B
Outdoor only scenario with fixed and mobile subscribers
This scenario considers an outdoor deployment with fixed and mobile outdoor subscribers.
Scenario C

Outdoor to indoor scenario with portable and mobile subscribers

This scenario considers an outdoor deployment with indoor portable and mobile subscribers.
Scenario D

Indoor only scenario with portable and mobile subscribers
This scenario considers an indoor only deployment with indoor portable and mobile subscribers.

There is potentially an outstanding issue related to unregistered BS in this scenario. For indoor deployment is registration required for BSs? Assuming the maximum EIRP limits of 1W/MHz then this may mean that for indoor deployment radiation safety limits are likely to take priority.
Scenario E
A combined scenario

This scenario considers a combination of all the above scenarios.
What should the ranking of these scenarios be? Does ranking need to be included?
Environmental factors
Large-scale fading

This section describes the model for calculation of pathloss caused by obstructions within the propagation path from transmitter to receiver. These obstructions can be attributed to terrain and/or building clutter.
General
Carrier frequency = 3675MHz (mid band)
Outdoor-to-outdoor and outdoor-to-indoor model

The pathloss model is based on the Stanford University Interim (SUI) model [4]. This model is for outdoor operation with a correction for building penetration. The general pathloss expression is:

PathlossTotal = Pathlossoutdoor-outdoor(mean) + SM + BPL




[1]
Specific parameters to calculate Pathlossoutdoor-outdoor(mean) are:
Terrain type B (suburban)

Base Station height: 25m

Subscriber Station height:
Fixed Station: 10m

Portable Station: 2m

Mobile Station: 2m

100m ≤ Radius < 10km.
Scenarios A, B:
Standard Deviation = 8-10dB, page 4 [4].

Shadow Margin (SM) = 6dB (90% coverage, 75% at the cell edge)
Building Penetration Loss (BPL) = 0dB

Amendment for outdoor-to-indoor propagation
Scenarios C, E:
Standard Deviation = 10-12dB.

Shadow Margin (SM) = 8dB (90% coverage, 75% at the cell edge)
Building Penetration Loss (BPL) = 6dB (at window), 12dB (elsewhere)
Indoor model

Scenarios D, E:
The 802.11n indoor propagation model is applicable, clause 2 [7].
Base Station height: 2m

Subscriber Station height:

Portable Station: 2m

Mobile Station: 2m

Pathloss assumptions for modelling interference between 802.11y and 802.16h systems
For shadow fading we need to also consider the CCA sensing link and the interference link

· One approach is to pick the shadow fading value randomly between stations and then keep them fixed for those locations

· On each experiment the shadow fading is fixed between stations are fixed at the beginning of the experiment since during the experiment the station locations do not change

Small-scale fading

This section describes the model for calculation of fading caused by obstructions and movement of obstructions within the propagation environment.

Outdoor propagation
Scenario A:


Fixed Station: 10m

Ricean K factor = 12dB (Fade margin = 2dB)
Scenarios B, C:

Portable Station: 2m


Mobile Station: 2m

Rayleigh fading.

Fade margin: 2Tx-2Rx=5dB, 2Tx-1Rx=10dB, 1Tx-1Rx=10-15dB.
Indoor propagation
Scenarios D, E:
The 802.11n indoor propagation model is applicable, clause 2 [7].
Device parameters

General

Nominal maximum antenna gain and radiation pattern

Base Station (outdoor): 10dBi (omni)
Base Station (outdoor): 18dBi (sectorized)
Base Station (indoor): 0dBi (omni)
Subscriber Station:

Fixed Station: 8dBi (directional)
Fixed Station: 5dBi (omni)
Portable Station: 2dBi

Mobile Station: 2dBi
Cabling loss

Base Station: 3dB (802.16), 3dB (802.11)
Subscriber Station (connector loss):

Fixed Station: 0.5dB (802.16), 0.5dB (802.11)
Portable Station: 0.5dB (802.16), 0.5dB (802.11)

Mobile Station: 0.5dB (802.16), 0.5dB (802.11)
Noise Figure

Base Station: 4dB (802.16), 0dB (802.11)
Subscriber Station:

Fixed Station: 6dB (802.16), 0dB (802.11)
Portable Station: 6dB (802.16), 0dB (802.11)

Mobile Station: 6dB (802.16), 0dB (802.11)
Implementation Margin

Base Station: 5dB (802.16), 0dB (802.11)
Subscriber Station:

Fixed Station: 5dB (802.16), 0dB (802.11)

Portable Station: 5dB (802.16), 0dB (802.11)

Mobile Station: 5dB (802.16), 0dB (802.11)

NB Due to the way the sensitivity numbers for 802.11 are presented in the standard [6] then Implementation Margins and Noise Figures are here set to 0dB.

EIRP

EIRP values based on maximum limits of Power Spectral Density (47 CFR 90, Subpart Z)
5 MHz:

Base/Fixed stations = 5W (37dBm) EIRP,

Mobile/Portable stations =200mW (23dBm) EIRP

10 MHz:

Base/Fixed stations =10W (40dBm) EIRP,

Mobile/Portable stations =400mW (26dBm) EIRP

20 MHz:

Base/Fixed stations =20W (43dBm) EIRP,

Mobile/Portable stations =800mW (29dBm) EIRP

802.11y specific parameters [2]
General
Based on the OFDM PHY for the 5GHz band (clause 17 [6])
802.11y feature support

Maximum frame transmission duration = 4ms (subclause I.1 [2])
Use of an enabling signal DSE (subclause 11.14 [2])
RTS/CTS: enabled

Receiver sensitivity and link adaptation

Number of MCS = 8
[image: image1.emf]
Figure 1 Receiver sensitivities for OFDM 5GHz PHY [6].
20MHz data rates: 54, 48, 36, 24, 18, 12, 9, 6Mbps.
10MHz data rates: 27, 24, 18, 12, 9, 6, 4.5, 3Mbps for -3dB on sensitivity for 20MHz numbers.
5MHz data rates: 27, 24, 18, 12, 9, 6, 4.5, 3Mbps for -3dB on sensitivity for 20MHz numbers.
Antenna configuration
SISO assumed unless otherwise stated.
CCA and medium access parameters

Taken from table 147 [6].
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Figure 2 Time domain representation of medium access for 802.11.

· HCF (Hybrid Coordination Function) is specified in the 802.11e amendment [6].
· HCF consists of EDCA (Enhanced Distributed Channel Access, distribution function) and HCCA (HCF Controlled Channel Access, centralized function).
· WMM (Wi-Fi Multimedia) certifies the EDCA and TXOP (Transmit Opportunity) features.
· EDCA and TXOP features enhance the QoS support in 802.11.
· EDCA introduces 4 AC (Access Categories) that prioritizes traffic class access to the air interface.
· TXOPs are used to provide a station with a time period in which to transmit in a non-contended manner.

[image: image3]
Figure 3 Values for EDCA 4 AC parameters [9].
Range dependency on propagation time
Subclause 7.3.2.9 Country information element of [6] states:

The Country information element contains the information required to allow a station to identify the regulatory domain in which the station is located and to configure its PHY for operation in that regulatory domain.

The Coverage Class field of the regulatory triplet specifies the aAirPropagationTime characteristic used in basic service set (BSS) operation, as shown in Table 27. The characteristic aAirPropagationTime describes variations in actual propagation time that are accounted for in a BSS and, together with maximum transmit power level, allow control of BSS diameter.

From Table 27 [6]:
Coverage class value = 0 for aAirPropagationTime ≤1µs
Coverage class value = 1 for aAirPropagationTime 3µs
Coverage class value = 2 for aAirPropagationTime 6µs
…

Coverage class value = 31 for aAirPropagationTime 93µs
Subclause 9.8.4 of [2] states:

Radio waves propagate at 30 m/μs in free space, and, for example, 3 μs would be the ceiling for BSS maximum one way distance of ~450 m (~900m round trip).

Therefore recommended Coverage class value = 7, (21µs), giving a cell radius of 3000m, round trip 6000m.

Timing values

Reference 9.2.10 DCF timing relations [6] and Figure 2.
(Legend 20MHz/10MHz/5MHz)
SIFS = 16/32/64 µs

AIFS[AC] = SIFS + AIFSN[AC].aSlotTime

From Figure 170 [6]

aSlotTime = aCCATime + aRTTXTurnaroundTime + aAirPropagationTime + aMACProcessingTime
aCCATime (CCA) = 4/8/16 µs

aMACProcessingDelay (M2) = 2/2/2 µs

aRXTXTurnaroundTime (Rx/Tx) = 2/2/2 µs

aAirPropagationTime (D2) = 
21 µs (Coverage class value = 7, cell radius of 3000m, round trip 6000m) (all bandwidths)

AIFSN[AC] = 2
aSlotTime = 23/27/35 µs

AIFS[AC] = 74/98/146 µs

AC (Access Category) = AC_VO (highest priority) [Contention Window = 3, 7]
CCA-CS threshold
-82dBm (20MHz)

-85dBm (10MHz)

-88dBm (5MHz)
CCA-ED threshold

-72dBm (20MHz)

-75dBm (10MHz)

-78dBm (5MHz)
Probability of detection during sensing time > 90% in all cases.
802.16h specific parameters [1]
General

Based on the OFDMA PHY (subclause 8.4 [5]) and profiled in WiMAX Forum Mobile WiMAX System Profile [3].

802.16h feature support

UCP (Uncoordinated Coexistence Protocol) subclause 6.4.2.4 [1]:

DCS (Dynamic Channel Selection) subclause 6.4.2.3.2 [1]
LBT (Listen-Before-Talk) subclause 6.4.3.4 [1]
aEQP (Adaptive Extended Quiet Period) subclauses 6.4.3.2 and 6.4.3.3 [1]
Parameters

Taken from WiMAX Forum Mobile WiMAX System Profile [3].

Frame duration = 5ms
47 symbols per frame

· 26 in the downlink (1 for preamble)

· 21 in the uplink

102µs symbol duration

TTG > 50µs (RTD and Timing Advance dependant)
RTG = 60µs

SSTTG = SSRTG = 50µs
Receiver sensitivity and link adaptation
Number of MCS = 7
Permutation = PUSC

No HARQ
	
	
	Sensitivity (dBm)
	Data rates (kbps) (per subchannel)

	
	
	
	
	
	5MHz
	10MHz
	20MHz

	
	Eb/No (dB)
	5MHz
	10MHz
	20MHz
	DL
	UL
	DL
	UL
	DL
	UL

	QPSK1/2
	2.9
	-104.1
	-101.1
	-98.1
	73.6
	76.8
	73.6
	76.8
	73.6
	75.7

	QPSK3/4
	6.3
	-101.8
	-98.8
	-95.8
	110.4
	115.2
	110.4
	115.2
	110.4
	113.5

	16QAM1/2
	8.6
	-97.7
	-94.7
	-91.7
	147.2
	153.6
	147.2
	153.6
	147.2
	151.4

	16QAM3/4
	12.7
	-96.6
	-93.6
	-90.6
	220.8
	230.4
	220.8
	230.4
	220.8
	227.1

	64QAM1/2
	13.8
	-93.5
	-90.5
	-87.5
	220.8
	230.4
	220.8
	230.4
	220.8
	227.1

	64QAM2/3
	16.9
	-92.4
	-89.4
	-86.4
	294.4
	307.2
	294.4
	307.2
	294.4
	302.8

	64QAM3/4
	18
	-90.5
	-87.5
	-84.5
	331.2
	345.6
	331.2
	345.6
	331.2
	340.6

	
	
	
	
	
	
	
	
	
	
	

	Subchannels available:
	
	
	
	24
	17
	48
	35
	96
	70


Figure 4 802.16h sensitivity and data rate assumption taken from WiMAX Forum RCT [10].
Antenna configuration
SISO assumed unless otherwise stated.

LBT (Listen-Before-Talk) parameters
LBT applied: DL and UL

DL LBT slot location: slot 26

UL LBT slot location: slot 47
DL/UL LBT Threshold:
-72dBm (20MHz)

-75dBm (10MHz)

-78dBm (5MHz)
aEQP (Adaptive Extended Quiet Period) parameters
Initial EQP duty cycle: 10% on.
aEQP threshold 1 (Channel Occupancy test):
-77dBm (20MHz)

-80dBm (10MHz)

-83dBm (5MHz)
aEQP threshold 2 (User detection test):

-72dBm (20MHz)

-75dBm (10MHz)

-78dBm (5MHz)
External driving parameters

Traffic model
Packet inter-arrival time: exponentially distributed.
Packet size: uniformly distributed in the range: 0.1x1500 –0.9x1500 bytes

Traffic transport type: UDP, (VoIP due to 802.11e AC assumptions).

Overhead from encapsulation?
Fragmentation rules and parameters?
DL/UL load ratio (802.16h): 60/40
ACK size = 40bytes (fixed value, no distribution)
Others
Interference threshold: 10dB greater than the CCA-ED thresholds (bandwidth specific), i.e.
-72dBm (20MHz)

-75dBm (10MHz)

-78dBm (5MHz)
Maximum number of SS per AP/BS = 4 (802.16 and 802.11).
Regulatory requirements
3.65-3.7GHz

Channel width = 5, 10, 20MHz
The FCC rules are documented in 47 CFR 90, Subpart Z – Wireless Broadband Services in the 3650-3700 MHz Band.

The current rule making proposes a Non-Exclusive Registration Use licensing mechanism for the entire 3650 – 3700 MHz band.  Licensees are required to registers their base stations online via FCC’s ULS.  And, they must delete the registrations for unused stations.  License terms are for 10 years.  Interference among base stations of different service providers are expected to be resolved among the providers themselves by ‘mutually satisfactory arrangements’.

The following technical requirements appear in 47 CFR 90 Sub-Part Z:

1. 25 Watt EIRP maximum power in 25MHz bandwidth for Base and Fixed stations

2. 1 Watt EIRP maximum power in 25MHz bandwidth for Mobile and Portable stations

3. 1W / MHz EIRP maximum PSD for Base and Fixed stations

4. 40mW / MHz EIRP maximum PSD for Mobile and Portable stations

5. Sectorized antenna permitted only if each sector transmits different information

6. Beamforming is subject to the 25 Watt EIRP requirement

7. 43 + 10 Log(P) OOBE, with the 1% rule included

8. Mobile stations may only transmit if they can decode an enabling signal from a base station

9. Mobile stations may transmit to one another directly only if they can decode an enabling signal from a base station

10. Airborne operation prohibited

11. 150 km exclusion zone around FSS stations – unless agreed with the FSS licensee 

12. 80 km exclusion zones around following federal radiolocation stations

a. St. Inigoes, MD
38° 10’ 0”  N  ,  76° 23’ 0” W

b. Pascagoula, MS
30° 22’ 0”  N  ,  88° 29’ 0”  W

c. Pensacola, FL 
30° 21’ 28” N  ,  87° 16’ 26” W

13. Fixed devices must be at least 8 / 56 km away from international borders if the antenna looks within 160° / 200° sector toward the border – unless coordinated with Mexico or Canada.  
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Abbreviations

AC

Access Categories
aEQP

Adaptive Extended Quiet Period

AP

Access point

BPL

Building Penetration Loss

BS

Base Station

CCA-CS
Clear Channel Assessment – Carrier Sense
CCA-ED
Clear Channel Assessment – Energy Detect
DCS

Dynamic Channel Selection
EIRP

Effective Isotopic Radiated Power

EQP

Extended Quiet Period

LBT

Listen Before Talk
MCS

Modulation and Coding Schemes

PUSC

Partial Usage of SubChannels
SISO

Single Input Single Output

SS

Subscriber Station

STA

Subscriber STAtion

UCP

Uncoordinated Coexistence Protocol

Definitions

Base Station
A general term referring to both an 802.11 AP and 802.18 BS.

Subscriber Station
A general term referring to both an 802.11 STA and 802.18 SS.
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Abstract


This document provides a set of assumptions and simulation parameters for use in modelling wireless coexistence in the 3.65GHz band for US.
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