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Improved preambles for 802.16m (16.3.6.1) 

Naftali Chayat, Ran Yaniv

Alvarion

Deficiencies of the current preambles
The preamble families presented in 802.16m/D3 need to address several needs:
· Provide good correlation properties

· Provide good PAPR in a variety of multi-antenna situations

· 1, 2, 4 or 8 antennas used

· Provide good PAPR in multi-channel situations

· E.g. two channels transmitted through same PA

The property of good PAPR under multi-channel operation was, in particular, neglected in 802.16e. Alvarion’s analysis and experience shows that when two channels are used and transmitter through a common power amplifier, the PAPR degrades (increases) and since preambles are boosted relative to data, additional backoff is required when accommodating multi-channel transmissions.

Current Primary preambles in 802.16m/D3

The current Primary Advanced Preambles in 802.16m are BPSK sequences of length 216. 

The preambles are fairly well designed, with a PAPR of 3.9-4.1 dB, however not as good as in the proposed method, which achieves a PAPR of 3.0 dB.

Same preamble is used throughout the deployment. As a result, whenever two channels are transmitted in parallel, the PAPR degrades by 3 dB (!), e.g. from 4 dB to 7 dB.

Current Secondary preambles in 802.16m/D3

The current Secondary Advanced Preambles in 802.16m are QPSK sequences of length 144, 288 or 576 depending on the FFT size (512, 1024, 2048). The preambles are derived from 8-tuples of seed preambles (denoted A,B,C,D,E,F,G and H), each of length 18. The seed sequences are placed along the frequency range in locations depending on some parameters. In the case of multi-antenna transmission, the seed sequences are partitioned among
Examination of the sequences shows that the individual base sequences (A-H) are fairly well designed, with a typical PAPR of 3.6 dB. However, the individual sequences are transmitted, each from a different PA, in the less likely case of 8 antennas. In the cases of 4, 2 and 1 antenna combinations of sequences are used, and examination of the resulting sequences shows that the results are progressively degraded as more subsequences are aggregated to a common power amplifier. In the case of 2 and 1 antennas, the result are not significantly better than choosing the sequences at random, with PAPRs on the order of 8 dB!!!

The principles behind the proposed preambles

The proposed preambles and preamble families are based on the mathematical construction of Golay complementary sequences [1]. Two sequences are called “complementary” if their autocorrelatios add up to delta-function. For example, the sequences A3=(1,1,-1) and B3=(1,j,1) have autocorrelation functions:

R(A3) = (-1, 0, 3, 0, -1)

R(B3) = (+1, 0, 3, 0, +1)

R(A3) + R(B3) = (0, 0, 0, 3, 0, 0, 0), which is null at all offsets other than 0, i.e. a delta-function.

The main property of interest to us in the context of OFDMA preambles is that if two sequences are complementary, then each of the sequences has a PAPR of no more that 3.01 dB (a factor of 2) !!

For our purposes we need not just individual sequences but rather families of sequences of different lengths. Luckily, Golay complementary sequences allow exactly that.

Golay has shown several hierarchical construction methods for longer sequences. For example, if A and B are complementary sequences, then the sequences [A, (N zeros), B] and [A, (N zeros), -B]. There are additional transformations which allow generation of new Golay sequences out of base sequences. Another property of interest is that if we intersperse the elements of a sequence with zeros the sequence remains complementary; for example, spacing the elements of the sequence two subcariers apart (as in Primary Preambles) or 3 subcarriers apart (as in Secondary Preambles) retain the complementarity property and consequently the PAPR of 3 dB
Frank [2] has shown that QPSK sequences of length 3 exist (see example above) and how sequences of length 3m2n can be produced. Luckily for us, both 216=3*3*3*2*2*2 and 18=3*3*2 are of this form, therefore QPSK Golay complementary sequences exist, and moreover there are families of such sequences.
The PAPR property of the Golay complementary sequences was successfully used in the preamble families (main, STC and subchannelization) of the OFDM mode of 802.16. Moreover, it is used in the sounding sequences of 802.16e.

This proposal is to use families of QPSK Complementary Sequences for the Primary and Seconday Preamble families of 802.16m.
Proposed Preambles
Primary Preamble sequences

For each bandwidth, a pair of sequences shall be defined. One of the two sequences shall be chosen for each channel. Same sequence shall be used deployment-wide for a given channel. In case two channels are used, the channels will use different preambles.

A=’00A00AAA00F0FAF0F011B11BBB11C1CBC1C1882882228878727878050050AFA0AAF550AAE3EE3E494E44933E442722728D8288D77288’

B=’2282288822D2D8D2D23393399933E3E9E3E3AA0AA000AA5A505A5A2722728D8288D77288C1CC1C6B6C66B11C66050050AFA0AAF550AA’

(similar preamble pairs will be provided for all other bandwidths of interest)

Secondary Preamble sequences

The circular shift described on page 351, lines 18-52, is no longer needed.

Example design for 512 FFT (0 denotes an 18-long sequence of complex zeros):

	1st antenna out of 1
	ABCD,EFGH

	1st antenna out of 2
	A0C0,E0G0

	2nd antenna out of 2
	0B0D,0F0H

	1st antenna out of 4
	A000,E000

	2nd antenna out of 4
	0B00,0F00

	3rd antenna out of 4
	00C0,00G0

	4th antenna out of 4
	000D,000H

	Etc..
	


Where:

	Idx\blk
	A
	B
	C
	D
	E
	F
	G
	H

	0
	082A04644
	082A04644
	082A04644
	A280AECEE
	30C98A7CA
	30C98A7CA
	9A6320D60
	30C98A7CA

	Etc.
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Summary

The contribution presented families of preambles which provide a PAPR of at most 3 dB for many important scenarios:

· Multiantenna systems with number of antennas vavying through 1,2,4 and 8, maintaining good PAPR for all combinations

· Multicarrier systems. Specific case of 2 carriers was addressed in the contribution, with extensions possible for larger number of channels aggregated to a power amplifier.

Designs and values of sequences for additional bandwidths and families of preambles for each bandwidth will be provided by the January 2010 meeting of 802.16m.

  


