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Introduction and Background 
> UL OFDMA eliminates the intra-cell interference

• Orthogonal transmission is ensured 
> Synchronized UL transmission 

• Ranging is required
> Two types of the sub-channelizations

• Time-Frequency diversity sub-channel 
• Frequency hopping to mitigate the inter-cell interference

• Sub-band based sub-channel 
• To exploit multi-user diversity in frequency domain 

> Support two orthogonal mappings in the frequency domain
• SF=1: classical OFDMA 
• SF=N: MC-CDMA

• To reduce the inter-cell interference variation 
• To improve the coverage

> UL MIMO transmission 
• Enable UL collaborative spatial multiplexing  
• The key to increase UL throughput and capacity

> Scalable OFDMA
• From 1.25 MHz to 20 MHz 
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Design Principles

> OFDMA based air interface
• UE employs PAPR reduction technique for the OFDMA transmission
• Enable optimal reception at Node-B 
• Enable uplink direction spatial multiplexing with multiple UEs

> Backwards compatible with HSUPA
• Identical frame structure

> Support adaptive coding and modulation

> Support H-ARQ

> Support MIMO antenna configurations in UL
• 1x1x2, 1x2x2, 1x4x4 
• 2x1x2, 2x2x4

where NTxxNUExNRx
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UL Frame Structure
10 ms
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TTI #1 TTI #2 TTI #3 TTI #4 TTI #15

MIMO 
Block #1

MIMO 
Block #2

UL Data + UL Control 
+ UL Ranging

666.67ms

OFDM 
symbol # 1

OFDM 
symbol # 2

MIMO 
Block #3

MIMO 
Block #4

166.67µs



7

R1-050485

© NORTEL, 2005, All Rights Reserved

OFDM Parameters (10 MHz Bandwidth)

Scalable up to 20 MHz and down to 1.25 MHz

> IFFT/FFT block = 1024
> Sampling rate = 13.44 MHz (=7/2*3.84 MHz)
> Number of prefix samples = 96
> Guard time = 7.14 us
> Number of samples per symbol = 1120 
> Useful symbol duration =76.19 us
> Total OFDM symbol duration = 83.33 us 
> Sub-carrier separation = 13.125 KHz
> Number of useful sub-carriers (Nused) = 704
> The index of the first useful sub-carrier (Kmin) = 160 
> The index of the last useful sub-carrier (Kmax) = 864
> Bandwidth = 9.25 MHz
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UL Cluster 
> UL cluster

• Consists of 8 contiguous sub-carriers across 2 MIMO blocks (4 OFDM 
symbols)

• Allow the easy implementation of MC-CDMA
• Support UL MIMO with 2 transmit antennas

• Allow cluster hopping 
• To gain time and frequency diversity

• Allow concatenating of cluster along frequency direction or time
direction
• To exploit the multi-user diversity in time and frequency dimension

> The construction of UL basic access channel (BACH)
• UL BACH is composed of N (for example N=2) UL clusters.

• Each BACH has 24N data sub-carriers
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UL Channelization

• Two types of BACH 
• Diversity BACH: 

• Generated from distributed clusters
• Cell specific mapping sequence or interleaving can be applied to re-order 

the clusters to achieve cluster hoping effect to combat inter-cell interference  
• N clusters in each OFDM symbol are selected from the re-numbered cluster 

sequence with equal distance
• To exploit frequency diversity
• Support fast moving UE

• Sub-band BACH: 
• Generated from adjacent clusters
• To exploit multi-user diversity
• Support slow moving UE

• Two types of BACH can be mapped onto same OFDM symbols
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UL Cluster Scalability  
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• Sub-band BACH supports the MC-CDMA with SF=L
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UL Pilot Design 

> Two different pilot patterns for UL cluster
• 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
• For MIMO scenario

• Two pilot patterns assigned to different antennas
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UL Cluster and Pilot Allocation

Non-MIMO UE

Collaborative MIMO with 2 
non-MIMO UEs

Two transmit  
antenna UE

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

Antenna #1 pilot Antenna #2 pilot Data Null 
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UL Scalability (N=2)*
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UE Collaborative SM/PARC Transmission
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UL MIMO modes

> The OFDMA enables UL frequency domain spatial 
multiplexing 

> This can be simply implemented by allocation of two or 
more collaborative UEs to share the same OFDMA cluster 
resource
• While maintain low cost and simple UE transmission. 

> This enables the scalability in the spatial dimension 
• One of the key differentiator comparing the HSUPA 
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Summary and Conclusion

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

> UL OFDMA enables the UL collaborative spatial multiplexing 
for the low cost UE with single transmit antenna
• Significantly increase the UL throughput and capacity

> UL OFDMA allows flexibility and scalability for difference 
channel bandwidth
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