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Introduction and Background

> UL OFDMA eliminates the intra-cell interference
* Orthogonal transmission is ensured

> Synchronized UL transmission
* UL synchronization is required

> Two types of the base access channel (BACH)

 Diversity BACH
» To exploit frequency diversity

e Sub-band BACH
» To exploit multi-user diversity

> Support two orthogonal mappings in the frequency domain
e SF=1: classical OFDMA
e SF=N: MC-CDMA
* To reduce the inter-cell interference variation
> UL MIMO transmission
* Enable UL collaborative spatial multiplexing
* The key to increase UL throughput and capacity

> Scalable OFDMA
e From 1.25 MHz to 20 MHz

> Symmetrical OFDM parameters for DL and UL
» Same sampling frequency
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Design Principles

> OFDMA based air interface

« Same sampling frequency and frame structure for both DL and UL
e Backwards compatible with HSUPA

« Simple relation between sampling frequency and UMTS chip rate

> OFDMA sub-channel

 Two different types of sub-channel constructions to exploit the frequency
diversity, and multi-user diversity

> Scalable OFDMA
e Support Bandwidth: 1.25MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz

> Support adaptive coding and modulation
> Support H-ARQ

> Support MIMO
o 1x2, 2x2, 2x4 or 4x4 antenna configurations in UL

5 © NORTEL, 2005, All Rights Reserved



Frame Structure

> The frame duration is 10 ms

> Each frame consists of 20 TTls
e TTIl durationis 0.5 ms

> Each TTI consists of 7 OFDM symbols

* The first OFDM symbol is used to transmit UL access channel and UL
control channel
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UL Frame Structure
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OFDM Parameters — (10 MHz Bandwidth)

IFFT/FFT Block = 1024
Sampling Rate = 15.36 MHz (=4*3.84 MHz)
CP length = 74 samples / 4.82 us (for 1st OFDM symbol in each TTI)
= 73 samples/4.75 us (for 2"d — 7th OFDM symbols in each TTI)
No. of Samples per Symbol = 1098/1097
Useful Symbol Duration =66.667 us
Total OFDM Symbol Duration = 71.48/71.42 us
Sub-carrier Separation = 15 KHz
No. of useful sub-carriers (Nused) = 601*
The index of the first useful sub-carrier (Kmin) = 212
The index of the last useful sub-carrier (Kmax) = 812

Bandwidth = 9.03 MHz
*DC sub-carrier (512" sub-carrier is not used)
**Index starts from 1

v V. V V V V VvV V

Scalable up to 20 MHz and down to 1.25 MHz
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UL Sub-channel Element and Pilot Design

> UL Sub-channel element (SCE)

» Consists of 10 contiguous sub-carriers across 6 OFDM symbols
e Support UL MIMO with up to 4 transmit antennas
 Allow the easy implementation of MC-CDMA

> Two different pilot patterns for UL SCE

e For non-MIMO scenario
« Shifted pilot pattern allows the pilot power boost

* The UE with odd number of cell Id choose pattern-A and the terminals with even
number of cell Id choose pattern-B.

 For collaborative MIMO scenario
» Two pilot patterns assigned to different UEs

e For MIMO scenario
* Two pilot patterns assigned to different antennas
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UL SCE and Pilot Allocation - for Two Antennas

5 BN EEN | a BN BEE
Non-MIMO UE
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UL SCE and Pilot Allocation

— For Collaborative MIMO from Two MIMO UEs with Two Transmit Antennas

UE-1 (pattern-A) UE-2 (pattern-B)

N | [ ] |
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[ Pilot for Antenna-1/UE1 B Pilot for Antenna-1/UE2
[ ] Pilot for Antenna-2/UE1 [] Pilot for Antenna-2/UE2
] Null [] Data
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UL Channelization

> UL Basic Access channel (BACH) consists of N UL
* For example, N=2

> Two types of BACH

 Diversity BACH:
» Generated from distributed SCEs
» To exploit frequency diversity to improve system reliability
» Support fast moving UE (Open-loop mode)
» Sub-band BACH:
* Generated from adjacent SCEs
» To exploit multi-user diversity to increase system throughput
» Support slow moving UE (Close-loop mode)

* Two types of BACH can be mapped onto same TTI
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UL Scalability (N=2)

System Bandwidth (MHz) 20 15 10 5 2.5 1.25
FFT Size 2048 1536 1024 512 256 128
Number of Used Sub- 1201 901 601 301 141 61
carriers

Number of SCEs 120 90 60 30 14 6
Per TTI

Number of BACH per TTI 60 45 30 15 7 3
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Random Access Channel and Periodic
Access Channel

> The dedicated channel resources are allocated for random
access channel (RACH) and periodic access channel
(PACH)
* RACH: enable UE access UL and timing synchronized to Node-B

« PACH: allow active UE communicates with Node-B for UL timing
adjustment

e Collision allowed in RACH and PACH
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UL MIMO Codes
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UE Collaborative SM/PARC Transmission
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Summary and Conclusion

>UL OFDMA design is proposed
* Enables the synchronous UL orthogonal transmission

> UL OFDMA support MIMO

> UL OFDMA enables the UL collaborative spatial multiplexing
for the low cost UE with single antenna or UE with two
transmit antennas

 Significantly increase the UL throughput and capacity

> UL OFDMA allows flexibility and scalability for difference
channel bandwidth

> UL OFDMA allows efficient pilot design
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