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UE specific masking for HS-SCCH

1 Introduction

The UE specific scrambling of the coded slot 1 of the HS-SCCH transmission used to be based on a 10 bit UD ID, see [1]. Following WG1#25, and correspondence with WG2, the UE ID is now proposed to be 16 bits.

The masking sequence should, as before, reflect the requirement that a sequence corresponding to one given UE ID should differ significantly from the sequence corresponding to every other UE ID. In [3] the authors note that this is related to the Hamming weight of the bitwise modulo 2 sum of each pair of masks, called there N_DIFF.

2 Theory

The required sequence is 40 bits long. There are 16 bits of entropy available. This could be viewed as an ideal specification of a (X, 16) block code. Previously when there were 10 bits of UE ID, the release 99 modified Reed-Muller (32, 10), as is used for TFCI, seemed a good choice. It was pointed out in [3] that comparing the release 99 block code with an m-sequence code showed little difference in performance when masking a the coded output of the R=½ convolutional code proposed for the HS-SCCH.

As pointed out in [2] there are is choice of available block codes. In the current application it is required to find one with a good distance spectrum with a low complexity encoder (as decoding is never performed that is irrelevant). An ideal mask for a task such as this has a Hamming Weight of 0.5 per bit. This is precisely, on average, what a "good" pseudo-random sequence does. This is why the m-sequence and other block codes work.

Consider the BCH (31, 16) code extended using overall parity. This has a minimum free distance of 8 and a distance spectrum as shown below (in histogram and cumulative forms). This gives an effective (32, 16) code.
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Figure 1 - Distance spectrum of 32 bit codewords shown with percentages

Examining the distance spectrum figures shows a good Hamming distance distribution. Although the minimum distance is 8 the bulk of the distances are at least 12, indeed the majority of distances are exactly 16. It would be open to the UTRAN to not (initially) allocate the "weak codewords" corresponding to the low distances. As that would be an implementation matter this does not affect standardisation.

Encoding may be done using a shift register implementation where the taps are derived from the generator polynomial taken from [2, 4], g=0107657 (octal), g(x) = 1+x+x^2+x^3+x^5+x^7+x^8+x^9+x^10+x^11+x^15. The complexity is low when implemented using either hardware logic or current integer DSPs. Complexity should be comparable with other block codes such as m-sequence codes, this is unlikely to be a deciding argument. If it is desired to use a 16 bit UE ID then that places limits on encoding methods.

Although this does not re-use a method from R99 care must be taken during REL-5 work in selecting algorithms which appear of low complexity that may be implemented in a different sub-system where internal communications overheads may be significant. Under the assumption that HS-SCCH decoding is done by DSP then the dominant complexity operation is the un-masking using a stored 40 bit word prior to convolutional decoding. Mask codeword generation is done "offline" and so is negligible in effect.
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Figure 2 - Cumulative Distance Spectrum of 32 bit codewords

The BCH (32, 16) code has a code word of 32 bits. In order to generate a 40 bit mask a further operation has to be performed. A simple method is repetition of 8 of the bits to obtain a total of 40. The resulting N_DIFF spectra are:
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Figure 3 - Distance spectrum of 40 bit masks shown with percentages
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Figure 4 - Cumulative Distance Spectrum of masks

Comparing these with the equivalent figures in 3 shows that the current scheme has a minimum non-zero N_DIFF of 4 compared with 8 here. Also the current scheme obtains a CDF figure of 20% at N_DIFF=7 compared with N_DIFF=16 here.

This proposal provides the following benefits:

· Uses 16-bit UE Ids with relatively good distance spectrum properties in the resulting mask;

· Good distance spectrum means to need for time varying generation of mask;

· Low complexity, easily understood using classic block coding theory, suitable for fixed point DSP.

3 Proposal

The proposed text changes are in the CR in this document.
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4.6.7
UE specific masking for HS-SCCH

The rate matched bits r1,1,r1,2…r1,40 shall be masked in an UE specific way using the UE ID xue,1, xue,2, …, xue,10 to produce the bits s1,1,s1,2…s1,40.
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The mask output bits are denoted by rk, k = 1, 2, …, 40 and are calculated as follows:
s1,k = r1,k + bk-1 mod 2

for k = 1,2…32

s1,k = r1,k + bk-33 mod 2

for k = 33, 34…40
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