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1 Introduction

This document forms part of a proposal to adopt UMB™ (Ultra Mobile Broadband) as
the FDD system for 802.20 MBWA. It documents performance evaluation criteria
required by [i], [ii] and [iii].

Note that throughout the document the terms “Forward Link” and “Reverse Link” are

synonymous with the terms “Downlink” and “Uplink” respectively. Also the term
“Mobile throughput” is synonymous with the term “User Data Rate”.

2 RF Parameters

2.1 Evaluation Criteria RF Parameters

# RF Parameter Base Value 5 MHz
1 MHz Channel Ch BW

1 Transmitter Power -- BS 43 dBm/MHz +50 dBm

2 Transmitter Power -- MS 27 dBm +27 dBm

3 | Out of Band emission limits — BS and MS | Attenuation of the | -13 dBm
(emission measured in 1 MHz resolution | transmit power P by:

bandwidth) 43 +10 log(P) dB
4* | ACLR - Attenuation of emissions intoan | 45 dB 56.4 dB
adjacent channel (same Ch BW) - BS
5* | ACLR - Attenuation of emissions intoan | 33 dB 40.1dB
adjacent channel (same Ch BW) — MS
6 | Receiver noise figure -- BS 5dB 5dB
7 | Receiver noise figure -- MS 10 dB 10 dB
8 | Receiver reference sensitivity (to be Specify at BER of | See Link
proposed by each technology) 0.1% Budget in
Table
1Table 1
9* | Receiver Selectivity -- BS 63 dB 63 dB
10* | Receiver Selectivity -- MS 33dB 33 dB
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# RF Parameter Base Value 5 MHz
1 MHz Channel Ch BW
11 | Receiver Blocking — BS -40 dBm -40 dBm

(level of same technology blocking signal
at frequency offset of 2 times Channel
BW)

12 | Receiver Blocking — MS -56 dBm -56 dBm
(level of same technology blocking signal
at frequency offset of 2 times Channel
BW)

2.2 Out-of-Band Emissions

The spectral shape of the forward link transmitted modulated carrier is shown in Figure 1.
A 5MHz carrier is demonstrated, consisting of 512 sub-carriers spaced 9600Hz center-to-
center, including 16 guard sub-carriers on each side. The remaining 480 sub-carriers are
modulated using QPSK. The shape results from using a zeroth-order hold digital-to-
analog converter with 8x oversampling, followed by a feedforward power amplifier based
on the Rapp model [iv]. An output backoff of 8dB was used.

The UMB spectrum meets FCC
requirements.
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Figure 1: Spectral Shape of FL Transmitted Modulated Carrier

The spectral shape of a reverse link transmitted QPSK-modulated carrier is shown in
Figure 2,with full band hopping and two tiles of subcarriers. A solid state power amplifier
based on the Rapp model was used [iv] with an output backoff of 6.5dB.

The UMB spectrum meets FCC requirements.
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Figure 2: Spectral Shape of RL Transmitted Modulated Carrier

2.3 Link Budget

Frequency Offset (MHz)

A link budget for a UMB downlink and uplink is given in Table 1 through Table 5Fable

5
ltem Forward Link Reverse Link Units
Suburban/urban, Suburban/urban,

Test Environment macrocell/microcell | macrocell/microcell -
Operating Frequency 1900 1900 MHz
Test service - - -
Multipath Channel Class See tables below See tables below -
(a0) Average transmitter power per
traffic channel 49.64 27 dBm
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(a1) Maximum transmitter power per

traffic channel 49.64 27 dBm
dBm,
(dBm/MHz
(a2) Maximum local transmitter power 43 27 for FL)
(b) Cable, connector, and combiner
losses 3 0 dB
Body Losses 0 3 dB
(c) Transmitter antenna gain 17 0 dBi
(d1) Transmitter EIRP per traffic channel
= (a1-b+c) 63.64 27 dBm
(d2) Total transmitter power EIRP = (a2-
b+c) 57 27 dBm
10 (vehicle) or 10 (vehicle) or
Penetration Loss 20 (in-building) 20 (in-building) dB
(e) Receiver antenna gain 0 17 dBi
(f) Cable and connector losses 0 3 dB
Body Losses 3 0 dB
(g) Receiver noise figure 10 5 dB
(h) Thermal noise density -174 -174 | dBm/Hz
() linear Receiver interference density 0 0 mW/Hz
(j) Total effective noise plus interference
density= 10log(10*((g+h)/10) + 1) -164 -169 | dBm/Hz
Information rate 1.92 0.064 Mbps
(k) Information rate 10 log(Rb) 62.83 48.06 dB
(I) Required Eb/(No+lo) Derived from EsNo | Derived from EsNo dB
(m) Receiver Sensitivity = (j+k+I) See tables below See tables below dBm
(n) Handoff gain 0 0 dB
(o) Explicit diversity gain 0 0 dB
(o) Other gain 0 0 dB
(p) Lognormal fade margin 6.9 6.9 dB
(q) Maximum Path loss =d1-m+(e-
f)+o+n+0'-p) See tables below See tables below dB
(r) Maximum range See tables below See tables below m

Table 1: Link Budget for UMBFDD Downlink and Uplink

Reverse Link Budget for 8 RX 64 kbps (10 dB penetration loss + 3dB body loss)

CHANNEL | EsNo per antenna (dB) Maximum Path Loss (dB) Maximum Range (m)
(item ) (item q) (itemr)

Il (Ped-B) -8.1 469:0146.3 84761910

IV (Veh-B) -7.5 168.4145.7 81421836

Table 2 : Reverse Link Budget for 8 RX 64 kbps (10 dB penetration loss)
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Reverse Link Budget for 8 RX 64 kbps (20 dB penetration loss + 3dB body loss)

CHANNEL | EsNo per antenna (dB) Maximum Path Loss (dB) Maximum Range (m)
(item ) (item q) (itemr)

Il (Ped-B) -8.1 459.0136.3 4387989

IV (Veh-B) -7.5 158:4135.7 4247951

Table 3: Reverse Link Budget for 8 RX 64 kbps (20 dB penetration loss)

Forward Link Budget for 4 RX 2 Mbps (10 dB penetration loss + 3dB body loss)

CHANNEL | EsNo per antenna (dB) Maximum Path Loss (dB) Maximum Range (m)
(item ) (item q) (itemr)

Il (Ped-B) -5.4 166-3146.5 70921931

IV (Veh-B) -4.5 465.4145.6 66841820

Table 4: Forward Link Budget for 4 RX 2 Mbps (120 dB penetration loss)

Forward Link Budget for 4 RX 2 Mbps (20 dB penetration loss + 3dB body loss)

CHANNEL | EsNo per antenna (dB) Maximum Path Loss (dB) Maximum Range (m)
(item ) (item q) (itemr)

Il (Ped-B) -5.4 456-3136.5 36431000

IV (Veh-B) -4.5 455.4135.6 3462943

Table 5: Forward Link Budget for 4 RX 2 Mbps (20 dB penetration loss)

3 PAR Requirements
Table 6 captures the PAR values specified in the approved IEEE 802.20 PAR and the

corresponding values of the proposed UMBFDD MBWA system for a 5 MHz

deployment.

Characteristic

Target Value

Proposed MBWA System

Mobility

Vehicular mobility
classes up to 250
km/hr (as defined in

ITU-R M.1034-1)

Satisfies requirement.

Maximum Spectral Efficiency for VehA
250 km/h on FL and RL are around

7 bps/Hz and 2.5 bps/Hz, respectively

Sustained spectral
efficiency

> 1 b/s/Hz/cell

Satisfies requirement.

> 4b/s/Hz/Sector on FL (pedestrian)
> 1b/s/Hz/Sector on RL (pedestrian)
Refer to Section 4.3

Peak user data rate
(Forward link

(FL))

> 1 Mbps*

Satisfies requirement.
67 Mbps
Refer to Section 4.2
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Peak user data rate | > 300 kbps* Satisfies requirement.
(Reverse link 21 Mbps
(RL) Refer to Section 4.2
Peak aggregate > 4 Mbps* Satisfies requirement.
data rate per cell 67 Mbps / Sector
(FL)
Peak aggregate > 800 kbps* Satisfies requirement.
data rate per cell 21 Mbps / Sector
(RL)
Airlink MAC <10 ms Satisfies requirement.
frame RTT Approximately 5.5 ms
Bandwidth e.g., 1.25 MHz, 5 Support different bandwidths from
MHz 1.25MHz to 20MHz
Cell Sizes Appropriate for Satisfies requirement.
ubiquitous Refer to link budget tables in Section 3.5.
metropolitan area
networks and capable
of reusing existing
infrastructure.
Spectrum <3.5GHz Satisfies requirement.
(Maximum
operating
frequency)
Spectrum Supports FDD and Supports FDD
(Frequency TDD frequency
Arrangements) arrangements
Spectrum Licensed spectrum Satisfies requirement
Allocations allocated
to the mobile service
Security Support AES (Advanced Satisfies requirement. Refer to

Encryption Standard)

[x].

* Targets for 1.25 MHz channel bandwidth. This represents 2 x 1.25 MHz (paired) channels for FDD. For
other bandwidths, the data rates may change.

Table 6: Summary of PAR Requirements

4 Link Level Simulation Environment

In the link simulations, three channel models, AWGN, Pedestrian B at 3 km/hr and
Vehicular B at 120 km/hr, were simulated.
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5 Link Level Performance Results

5.1 FER vs SINR performance
FER vs SINR curves were produced using link simulations.

5.1.1 Forward Link

FER vs SINR curves for AWGN, for the 15 packet formats, are included in Appendix B.
These are used to look up frame erasure rates for the forward link at the system level after
the calculation of effective SINR.

Additionally, Figure 3 shows long-term results of FER vs. geometry for two models of
the system with three levels of modulation and coding. Ideal channel estimation is used.

. —+— pedB, 3km/hr, 1/4, QPSK
10 == e = PedB, 3 kmihr, 1/2, QAM16
el S e B 2] —<— pedB, 3 kmihr, 1/2, QAME4
-] —+— VehB, 120 km/hr, 1/4, QPSK
________________________________________________________________________________ —e— VehB, 120 kmihr, 1/2, QAM16
—<— VehB, 120 kmihr, 1/2, QAM6B4
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Figure 3: FER vs Geometry for Multiple Channel Models

5.1.2 Reverse Link

Link curves of FER vs. SINR for the reverse link are provided in Appendix C. These are
used to look up frame erasure rates for the reverse link at the system level after the
calculation of effective SINR.

5.2 Throughput vs SINR Performance

The throughput is calculated based on section 3.2 of [iii], being derived from FER vs.
SINR shown in Appendix B. Each of the packet formats produces a particular
throughput for a given number of required transmissions. All of these packet format
throughputs are presented in the hull curves in Figure 4 on one graph. A packet in any
given packet format may be sent with up to six transmissions. The figure contains fifteen
packet formats times six transmissions per packet, for a total of 90 curves. Note that the
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actual sector throughput may be higher than shown here, when multiple FL beams are
employed.
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Figure 4: Hull Curve for UMBFDD Downlink

6 System Level Simulation Environment

6.1 Overview

The system consists of 19 hexagonal cells as detailed in Appendix B of [iii]. Each cell
has three sectors. All users in the 19 cells use the same channel model and speed.
Channel models of 3kph Pedestrian B and 120kph Vehicular B were used. A full buffer
traffic model was used. A proportional fair scheduler ensures traffic fairness amongst
ATs.

The Spatial Channel Model [v] was used for the FL multiple antenna system based on the
suburban macro model, with ITU power delay profiles. A list of simulation assumptions
is given in Section 6.4 below. FL system level simulation uses rate control in place of
power control for the full buffer traffic scenario described in this document.

The mandated blocking signal was accounted for within the system simulator and is
included in the results.
























































































































































































