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0.0 Summary

In this contribution, the flexibility Algebraic channel interleaver proposed for 3GPP is
analyzed.

The main advantages of the proposed solution are the following.

Flexibility to cope with multiple frame sizes.
Flexibility to cope with puncturing on a 10ms frame by 10ms frame basis.

Possibility to improve the 1% channel interleaver or re-define the 1% interleaver

with specific properties in the future, without any modification of the 2™ inter-
leaver.

Flexibility adapt the arbitrary positions of DTX bits insertion.
Possibility to incorporate a multiframe multiplexing case with no modification.

Future proofness due to the flexibility towards frame sizes and the use of aformula
asinterleaving rule instead of tables storage.

With respect to the listed advantages above, we recommend the adoption of the described
interleaver as channel interleaver for 3GPP.
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0.1 Introduction

In this contribution, we analyze the flexibility provided by Algebraic Channel interleaver
proposal described in R1-99466.

As described in R1-99466, the basic idea of this solution isto use afully optimized Alge-

braic Interleaver to achieve maximum interleaving depth and time span at 1% interleaving
stage to combat channel fading environments. In order to support the rate matching after

the 1% interleaving, such an Algebraic Interleaver possesses a good random spreading
property to allow the straightforward rate matching (i.e. puncturing and repetition).Also,
ilt can be shown that such an interleaver is very flexible to adapt to the modification of
rate matching algorithm.

The major advantages of this interleaver in addition to its robustness to fading is a very
simple implementation, and a maximum flexibility. This allows to consider any evolution

of the span of either 1% or 2" interleaver and adaptation to other issues considered now in
3GPP, such as flexible introduction of DTX scheme in downlink, multiframe multiplex-
ing, etc.... Thisflexibility isanalyzed in details in the present contribution. In the first part,

the flexibility associated with 1 channel interleaver is described. In the second part, the
flexibility provided by the 2" channel interleaver is described.

Showing how easily, i.e. with no modification, the proposed interleaver adapts to any
change under discussion today demonstrates also how flexible it is to adapt to any other
modification in the future, and gives confidence for selecting it at 3GPP channel inter-
leaver.

In 34 generation CDMA system, the multi-media services are multiplexed in transport
channels to perform channel coding, interleaving and spreading. Based on the very flexi-
ble channel interleaver with optimum performance, we propose a universal service multi-
plexing and channel interleaving scheme.

0.2 Flexibility Advantages of the 1% Optimized
Algebraic Channel Interleaver

Flexibility to Adapt to Arbitrary Interleaving Size

If we chose the interframe interleaving range from 1 to 8 frames, withN, = (1or8), then
by Euclid' s Division Lemma, for any interleaving size N, we can find the matrix row
number N, , such that N = N N.+r, where r = {1,%7}, these additional addresses

should be pruned to match arbitrary interleaving frame size. It is straightforward to see
that maximum number of such index pruning is 7 addresses. This index pruning for frame




size matching can be implemented by an address decoder/comparator in conjunction with
apre-filled FIFO with adepth of 7 symbols. See Figure 1.(Tdocxxxx)

Elexibility Towards Puncturin

Puncturing can be performed on aframe by frame basis by not puncturing some positions
if in some frame less puncturing than the default is to be applied, because of the lower rate
of TrCH multiplexed by default.

This puncturing scheme might also be enhanced further by using uniform puncturing algo-
rithm with the help of de-interleave operation. However this would increase the complex-
ity of the scheme and has not been proposed up to now.

Possibility to Introduce Other 12 nterleaving Spans

Thisinterleaver scheme providesthe ibili ine other inter|eav nsifn
without any modification, for example 30ms, 50ms....if thisis proved to be useful. There

is no constraint either 1% or 2" interleaver span due to the use of a simple fixed recursive
computing for interleaving.

0.3 Flexibility Advantage of the 2"9 I nterleaver

Possibili | nteqr her 14 nterleaver if Needed

Since the 2™ interleaver does not permute the position of the bits determined by the 1%
interleaver, if thereis a need to introduce some kind of specific 1% interleaver, such prop-
erties would be guaranteed not to be degraded by the 2" interleaver.

Possibili [ ntr Multi-Fr Multiplexin

Multiframe multiplexing is currently discussed as a method for Slotted mode in adhoc

groups of WG1. This scheme would imply a larger 2" interleaver span. If adopted, the
proposed interleaver scheme will be directly cope with this without any modification, due

to the simplicity and flexibility of 2" interleaver.

Possibility to Use Larger Span of 2% | nterleaving

In the same way, thisinterleaver scheme provides the possibility to have wider span of 2nd
interleaving in case all TrChs have a transmission time interval higher and providing the
performance improvement.




Elexibili he Podition of DT X bi

In current downlink, the ibility of grouping DTX at th f th r of thefr

isrequired at least for compressed mode. It can be handled by the Algebraic interleaver in
a straightforward fashion, be it at the end of the slots or of the frames. No dummy bits
need to be inserted before the interleaver since the interleaver can operate on any frame

size. Both 1% and 2™ interleavers would then operate on “real” bits only. Furthermore,
these bits are directly mapped on the physical channel, leaving the room either at the end
of the slots or of the frames according to the scheme selected. Then DTX could be applied
at the end of the chain, after channel interleaving, and physical channel mapping to the
empty part of the frame.

Elexibili Dvnamically Change the Position of the DXT bits B n
he M mpr r Normal

The proposed scheme allows also to change dynamically between positioning of the DTX
at the end of the slots or at the end of the frames according to the system needs.

Possibili f N Dummy bitsln ion Approach for DTX

It can be shown that the proposed scheme can cope with DTX in a straight forward way
without need for any dummy bitsinsertion, just by including DTX at the physical mapping

step.

0.4 Future Proofness

Thanks to the use of aformulato define the interleaver indexes, this interleaver will natu-
rally cope with all frames sizes defined in the future without any need for defining new
index tables or patterns specific to frame sizes.

In the same way, any rate of puncturing can be applied without the need to re-define some
specific puncturing patterns.

In thisrespect, it is claimed that proposed interleaver will adapt smoothly to any evolution
of the whole chain of Transport Channel Coding, Rate Matching and Multiplexing.




0.5 Conclusions

In this contribution, we analyzed the flexibility provided by the Algebraic channel inter-
leaver scheme. It is shown that any modification of the multiplexing chain would be incor-
porated without any modification of the interleaver itself. Such an interleaver is
remarkably future proof due to the use of aformulainstead of pre-optimized table storage.

Therefore we recommend that proposed channel interleaver is adopted for UTRA in
3GPP.




