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1 Introduction

In this document, a cohesive framework for OFDM frequency interleaving and frequency hopping is used to propose an efficient and flexible OFDM unit multiplexing scheme, mapping the OFDM units to OFDM sub-carriers.

As discussed in ‎[2], it is clear that the OFDM signal robustness is improved by spreading the signal for a particular UE across several sub-carriers spanning the whole signal bandwidth. This provides frequency diversity to the UE, and hence, improves the performance of the channel decoder.
Furthermore, as discussed in ‎[3], frequency hopping enables a full frequency reuse across cells by averaging the inter-cell interference over a sub-frame. It is also important to note that frequency hopping and frequency interleaving of sub-bands are closely related concepts for OFDM: a physical channel that is mapped to frequency-interleaved OFDM sub-carriers changing with time can be in fact viewed as a frequency-hopping channel. Hence, if frequency interleaving patterns can vary from one OFDM symbol to another, frequency hopping is enabled. A good frequency OFDM interleaving/hopping scheme should therefore provide both channel diversity and inter-cell interference averaging.

This document proposes a unified framework for frequency interleaving and frequency hopping. This method describes how OFDM units, for traffic or pilots/signalling, can be multiplexed together and mapped to the OFDM sub-carriers. This OFDM unit multiplexing scheme covers the highlighted blocks in Figure 1. An OFDM unit is defined as a group of QAM symbols to be mapped onto a sub-band of OFDM carriers. A sub-band is defined as a sub-set of OFDM sub-carriers, which are not necessarily contiguous. There is therefore a one-to-one relationship between the elements of an OFDM unit, and those of its corresponding sub-band.

[image: image1]
Figure 1: Conceptual Representation of OFDM Signal Generation

2 Proposed Method

The OFDM units should be mapped to the time-frequency grid of OFDM sub-carriers based on the following criteria:

· To minimize the complexity required for channel estimation, the traffic physical channels for a given UE should be mapped to a limited sub-set of sub-carriers (as opposed to a sub-set that may be different from one OFDM symbol to another).

· This sub-set of sub-carriers should be easily extractable by the UE.

· Similarly, pilot and signalling channels should be mapped on a finite sub-set of sub-carriers that is easy to extract by all UEs.

· For traffic physical channels, the QAM symbols corresponding to a given OFDM unit, it should be possible to hop over multiple sub-carriers to average the inter-cell interference. In other words, the frequency interleaver should be variable with time.
The following sections propose a method to sub-divide the Nu OFDM sub-carriers into finite sub-sets, or groups, and to map OFDM units from traffic channels and pilot/signalling channels to these groups of sub-carriers. We assume that there is a total of NB OFDM units per OFDM symbol. 
2.1 Partition into Groups of Sub-Carriers

In order to partition the total number Nu of available OFDM sub-carriers into groups of sub-carriers, we propose the following procedure:

· The OFDM band is divided into NG groups of sub-carriers (with NG < NB). There are then NB / NG sub-bands (or corresponding OFDM units) per group.

· The OFDM sub-carriers in a group should be spread over the frequency bands to provide a maximum of frequency diversity.

· The sub-carriers in a group should be separated by a constant offset (i.e. equal to NG), and this offset should be a power of 2, to ease the extraction through computationally efficient sub-FFTs.


[image: image2]
2.2 OFDM Unit Mapping for Pilot and Signalling Channels

Once the sub-carrier groups are defined, they are used to multiplex the OFDM units into the sub-carriers associated to the different physical channels. The pilot and signalling channels can be mapped to a group of sub-carriers such that:

· The pilot and signalling channels for a given sector is confined to a minimum number of groups, to minimize the UE complexity in extracting the information. Ideally, the pilot and signalling channels should be mapped to a single group for the entire sub-frame duration.

· If a group of sub-carriers contains pilot or signalling channel information, only the remaining non-pilot sub-carriers are allocated to traffic channels

2.3 OFDM Unit Multiplexing for Traffic Channels

For each group 
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, the traffic sub-bands are labeled as
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, with 0 ( j < (NB / NG). Within an OFDM symbol, the sub-carriers corresponding to each of these sub-bands can be shuffled with a cell-specific seed 
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The set of permuted (or interleaved) indexes 
[image: image6.wmf]k

i

,

P

 for group 
[image: image7.wmf]i

G

 is defined as:
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where 
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 is the symbol number in the sub-frame (0 to 26 for OFDM parameter set 1, 0 to 11 for OFDM parameter set 2
) and 
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 is a permutation function. The interleaved set of sub-carriers in sub-band 
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, for the kth OFDM symbol in the 2ms sub-frame, can be expressed as:
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where 
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 is the nth element of the permuted index set 
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. The mapping of traffic OFDM units for the kth OFDM symbol in the 2ms sub-frame is illustrated in Figure 2.
Note that the total number of sub-carriers in sub-band 
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Figure 2: Traffic OFDM Unit Mapping for the kth Symbol in a Sub-Frame
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3 Conclusions

The sub-carrier allocation scheme proposed herein has the following benefits:

· The proposed framework allows for a lot of flexibility. It can be adapted easily to different FFT lengths and different OFDM sub-band sizes.

· The extraction of only one group though computationally efficient sub-FFT for a particular UE is allowed.

· The requirement for channel estimation is limited to a finite set of sub-carriers. For instance, if UE1 is allocated a frequency hopping sequence in group i, then it only needs to generate channel estimates for these sub-carriers.

· Since the groups are spread evenly over the entire band, the interleaving/hopping sequences are more spread in frequency, hence making more use of frequency diversity.

· Since groups are not overlapping in frequency, it is possible to assign the sub-bands in a sub-frame (and associated frequency hopping sequences) in such a way that the interference can be minimised for UEs in handoff.
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An example of sub-band allocation for one 2ms sub-frame, following the principles described in this section, is presented in the next Figure. This example is based on 705 sub-carriers (OFDM parameter set 2) with NG = 8 groups. The sub-carriers allocated to sub-bands S2,j , for an arbitrary number of sub-bands per group, are highlighted to demonstrate the frequency-time spread of a sequence. Note that when the sub-band evolution is observed in the time domain, the signal will hop from a set of sub-carriers to another for different OFDM symbols.
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For instance, for NG = 8 and Nu = 705 sub-carriers:
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The groups i would be defined as the following sets of sub-carriers:


0 = {0, 8, 16, …, 696, 704}1 = {1, 9, 17, …, 702}7 = {7, 15, 23, …, 703}





If the DC bin (sub-carrier index 352) is discarded to minimize the impact of DC offsets in the receiver, than the sub-carriers would simply be allocated as follows:
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� OFDM parameter sets 1 defines 27 OFDM symbols per TTI, and parameter set 2 defines 12 OFDM symbols per TTI � REF _Ref32029675 \r \h ��‎[1]�. 
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