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1
Introduction

In [1] Ericsson proposed a simple scheme to modulate the RACH preamble for reduction of the peak-to-average power ratio (PAPR). In [2] ETRI proposed a similar scheme. On WG1#5 no conclusion could be reached on which of the methods to employ, the deadline for selection of a method was set to the WG1#6 meeting.

This paper briefly compares the methods, makes a recommendation and presents a draft text proposal.

2
Comparison of the proposed schemes

Both the Ericsson and ETRI schemes takes a binary-valued ((1) preamble a(k) and converts into a complex valued ((1(j) preamble b(k):

Ericsson:

b(k) = a(k) 
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ETRI:


b(k) = a(k) 
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Similarities between the schemes:

-
Both schemes use time varying phase rotation to get good PAPR performance

-
Both schemes have identical PAPR performance as shown in [2]

-
Both schemes can be implemented with identical receiver complexity by compensating for the PAPR modulation in the codes that are correlated with the received signal in the matched filter

Differences between the schemes:

· In the Ericsson scheme, as shown in [1] the compensation for the PAPR modulation can be done asynchronously, i.e. the compensation can be done outside the matched filter and the matched filter can be optimised for the binary preamble codes. This is not possible with the ETRI scheme. For some binary preamble codes this would be important, since they may have efficient matched filter implementations (cf. the EGC for Golay complementary sequences). In the figure below it is shown how the compensation for PAPR modulation can be made outside the binary matched filters.


[image: image3.wmf]b

(

k

)

Binary

preamble

correlator

Binary

preamble

correlator

Peak

Detector

cos 

(

w

t

)

-

sin 

(

w

t

)

2

cos 

(

p/4+(

k+

d)

·

p/2

) = …, 1, 1, -1, -1, …

-

2

sin 

(

p/4+(

k

+d)

·

p/2

) = …, -1, 1, 1, -1, …

R

(

t

)


· Most importantly, as shown in [1], the complex preamble code keeps the same aperiodic autocorrelation magnitude as the original binary preamble code. The aperiodic autocorrelation magnitude is the signal which is compared with a threshold in the peak detector, what means that the PAPR modulation does not change the preamble detection performance in any way. Contrary to what is stated in [2], the aperiodic autocorrelation is modified by the PAPR modulation. It becomes slightly worse, hence giving modified detection performance of the preamble.

Arguments that the ETRI scheme benefits from similarities with the HPSK for normal scrambling codes have been heard. However, there is no substance in such claims, since the way the scrambling code generator is used is different anyway. Instead of modulating two binary codes into one complex code, one binary code should be modulated into one complex code. Hence, there is no benefit from this point of view to adopt the ETRI scheme.

3
Conclusion and recommendation

The two RACH PAPR reduction schemes are very similar, and have many things in common. The straightforward implementation complexity and PAPR performance are identical.

There is no point where one can argue in favour of the ETRI scheme. However, on two points one can argue in favour of the Ericsson scheme:

· First of all, the ETRI scheme modifies the autocorrelation properties to give worse autocorrelation properties. The exact degradation is dependent of the codes. Instead of launching an extensive evaluation of the autocorrelation properties of the chose preamble codes to verify that the degradation introduced by this property of the ETRI scheme, it is safer and quicker to adopt the Ericsson scheme for which there is mathematical proof that the properties are indeed not affected.

· Secondly, the ETRI scheme has less flexibility in receiver design since the PAPR reduction demodulation has to be taken care of within the matched filters.

Based on the two points above, and the fact that there needs be a decision at the current meeting not to delay the finalisation of the RACH scheme, it is proposed that the Ericsson scheme is adopted at this meeting. A short text proposal is given below.

Text proposal

No detailed text proposal is given here, since the actual definition of the preambles is still under discussion, which would affect the current text. When the preamble sequences are defined the only extra text needed in 25.213 is something like:

The binary preamble a(k) is then modulated to get the complex valued preamble b(k),

            b(k) = a(k) 
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