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In Tdoc 99209 the proponents advocate the following:

(
use two polynomials of degree 31;

(
use two dimensional code parametrization;

(
use two different Gold codes for an in phase and a quandrature component.

These suggestions will be dealt with in the paragraphs below.

1
Polynomials

Using degree-31 polynomials gives an adequate number of codes. There seems to be no disagreement in Ad Hoc 10 on this matter.

2
Code Parameterization

The proposed scheme uses parameters (m, n) to define the sequences (c and e are constants)

I m ,  n ( k ) = A( k + 2*m + n*c ) XOR B( k + n*c + e )

Q m , n ( k ) = A( k + 1 + 2*m + n*c ) XOR B( k + n*c + e ),

This scheme is ingenious but the requirement has not been established. Both in ETSI and ARIB the current long code generators have been in offset form for some time and there has been no comment that in the function of interference averaging they are deficient. Given the late stage of the standards process a change to such a fundamental function must necessarily carry a high level of justification.

3 Gold codes

It is claimed in R1-99209 that two Gold codes are used for I and Q.

Consider the generator proposed in 99209.
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Figure 1
The upper m-sequence generator is A, the lower B.

From the diagram it may be seen that I(k) is A(k) XOR B(k) and that Q(k) is x.A(k) XOR B(k).

That is to say A-Q is a 1-chip shifted version of A-I. The claim that I and Q are different Gold codes from a single Gold code generator automatically provides a phase shift mechanism. This structure shows us how to trivially produce offsets of up to the generator length. If Q were generated from x.A(k) XOR x.B(k) then it would be a 1-chip shifted Gold code relative to I.

Considering the case mathematically recall that each m-sequence generator operates in a Galois Field of 231-1 elements.

From [1] such a field may be considered as a vector space {1, (, (2, (3, …} where ( is the root of the field. Shifting phase in such a field corresponds to multiplying a given element by (N where N is the number of chips. Where the generator is a binary LFSR the implementation of such an operation reduces to modulo 2 addition of coefficient bits. Given that ( is determined by the generator polynomial and that N may be standardised the implementation then follows.

Generalising Figure 1 we obtain:
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Figure 2
Conclusions

The current 3GPP uplink scrambling scheme is sufficient for 10ms frame (40960 chip) scrambling. Reduction to degree 31 polynomials will give 231-1 codes for all UEs and can be adopted.

Two dimensional Gold code initialisation has not been shown to be required and should not be adopted. (If further requirements emerge then this may be reviewed.)

Offset I & Q Gold code generation may be achieved with moderate hardware complexity and near zero software initialisation complexity and the current working assumption should be kept.

References

1
Spread Spectrum Communications, Vol.1, Simon, M.K. et al, ISBN 0-88175-012-3.







_982740215

_985506898.vsd
LFSR A�

LFSR B�

+�

I�

multiply aN�

+�

Q�

multiply aN�


