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1. Introduction

At the last RAN WG1 meetings in Malta (#48bis) afmbe (#49), a channel coding architecture with
codeblock based rate matching [1] based on cirduéfers [2] has been agreed. Currently, there are
three different proposals in the discussion on RAN1 e-mail reflector for channel interleaving:
Codeblock based channel interleaving [3], interilegwwvithin one [4] om [5] OFDM symbols or no
channel interleaving.

In this contribution we discuss the performancecofleblock based channel interleaving in the
framework of codeblock based circular buffer ratatehing. We present simulation results for the
performance evaluation of codeblock based chamtediéaving for downlink transmission. The basic
functionality of our codeblock based channel imavier is described in Appendix B or in [6].

Interleaver segmentation is performed prior to dotual channel interleaving in such a way that
interleaver segments either span the entire codeloliojust parts of it.

In our simulations we cannot find a benefit for iiddal channel interleaving in combination witheth
interleaving already included in the circular buffate matching. Our results also give a very giron
indication that OFDM symbol based channel intereawvill not improve the inherent interleaving
from circular buffer rate matching.

Based on these observations we come to the coocltisat in the channel coding architecture with
circular buffer rate matching there is no neediother explicit channel interleaving in downlink
transmission. This significantly simplifies the ain&l encoding chain.

2. Architecture of codeblock based flexible-size ch annel interleaver

Figure 1 shows the architecture of the codeblodetdahannel interleaving studied in this paper. The
channel interleaver blocks work as follows:

e First a segmentation into interleaver segment® @#ledrung) is performed, and
« then interleaving within these segments is camigdpotentially in parallel).

The number of interleaver segments depends on uhger of bits within a codeblock after rate
matching, and on the number of columiis of the fundamental block interleavers. Interleaver
segmentation is performed in such a way that the @f the block interleavers does not exceedwt/3-
SettingM to a large value with respect to the codeblock sifter rate matching leads to a channel
interleaver spanning across the entire codeblobtlereas settinyl to a small value leads to channel
interleaving within only parts of a codeblock.

This means that the actual number of coluin®gether with the used physical resources defive h
much time-diversity can be captured by the chanmmgrleaving. Especially we can also obtain
settings where we effectively interleave within areseveral OFDM symbols only. We will have a
closer look at this in Section 3, where the resewltocation of the codeblocks and the interleaver
segment will be shown..

Note that the interleaver segmentation is not shimvRigure 1 but rather discussed in more detail,
including other important interleaver featuresAppendix B or in [6].
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Figure 1: Channel coding architecture with codebloc k based rate matching and
channel interleaving

As stated above, channel interleaving is only paréal on the bits within one codeblock. Thus, at the
receiver, the de-interleaving, de-rate matchingtanab decoding of the first segment can start as
soon as the first);, bits are received. The codeblock after rate matchmay have different sizes',
i=0,...,C-1, because the codeblock segmentation may leadjtoeses with different sizekg, ,
i=0,...,C-1. Therefore, channel interleavers with two différparameter sets according to
Appendix B may be necessary.

3. Simulation results

3.1. Overview

We evaluate the performance of the codeblock baladnel interleaving for downlink transmission.
Our simulations are performed for a bandwidth of MBlz. The number of information bits is
1500 bytes equal to 12000 bits. Codeblock segmentétads to two equal size codeblocks. QPSK
modulation is used. The number of used resourcekbls chosen in such a way that the two target
code rates 1/2 and 3/4 are obtained. For codelfat¢his means that 96 resource blocks are used,
whereas 64 resource blocks are occupied for cade3fd. Note that both control overhead in the firs
3 OFDM symbols within a subframe and reference ®jrateerhead for 1 Tx antenna are included and
therefore 126 QAM symbols are available per resmbiock.

A typical urban channel is used with a UE velocityl20 km/h.

The channel interleaver uses different numbersntdrieaver segments and different numbers of
columns for its basic block interleavers. The magpf codeblocks and interleaver segments to the
actual physical resources will be shown in theofelhg subsections. Note that the number of

3GPP TSG RAN WG1 #49bis R1-072659
Orlando, USA, June 25-29, 2007 Page 2 of 14



interleaver columnsM and interleaver segments is directly related by #guations given in
Appendix B. The greater the number of columns M,ldwer is the number of interleaver segments.

A table with the simulation parameters is incluieéppendix A. A list of the simulations is given i
Table 1.

Table 1: Overview of simulations

Modulation Inf. Codeblock Bitsper RV Interleaver Interleaver Bits per

symbols  bits (CB) CB after colums  segments pe interleaver

RM CB segment
QPSK 96 | 12096 1200@ 12096 7 58 5 2418
2418
2420
2420
2420
QPSK 96 | 12096 | 1200® 12096 7 86 2 6048
6048

QPSK 96 | 12096 | 1200® 12096 7 106 1 12096
QPSK 96 | 12096 1200@ 12096 7 No interleaving
QPSK 64 | 8064 120002 8064 0 46 5 1612
1612
1612
1614
1614
QPSK 64 | 8064 120002 8064 0 74 2 4032
4032

QPSK 64 | 8064 120002 8064 0 86 1 8064
QPSK 64 | 8064 120002 8064 0 No interleaving

3.2.  Resource allocation for QPSK 1/2 using 96 reso  urce blocks

Figure 2 illustrates the resource allocation fa tlodeblocks for QPSK with a target code rate &f 1/
The first 3 OFDM symbols are reserved for contmdbimation and are not used for data. Pilot
overhead is included but not explicitely markedonder not to overload the figure. The green color
marks the control overhead and the 4 unused resduaocks. The red color stands for the first
codeblock and the blue color for the second coa#bldere, the number of interleaver columns is set
to 106 and there is only one interleaver segmentcpeeblock. The codeblocks span across 5.5
OFDM symbols (not taking into account unused resainocks).

Next, Figure 3 shows the resource allocation foo imerleaver segments per codeblock and 86
interleaver columns. Here, each segment spanssa2ros OFDM symbols.
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Then, Figure 4 gives the resource allocation fointerleaver segments per codeblock with 58
interleaver columns. A segment spans across 1.IMO§nbols.
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Figure 2: Resource allocation for QPSK 1/2 using 96  resource blocks with one
interleaver segment per codeblock and 106 interleav  er columns.
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Figure 3: Resource allocation for QPSK 1/2 using 96  resource blocks with two
interleaver segments per codeblock and 86 interleav  er columns.
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Figure 4: Resource allocation for QPSK 1/2 using 96  resource blocks with 5 interleaver
segments per codeblock and 58 interleaver columns.

3.3.  Resource allocation for QPSK 3/4 using 64 reso  urce blocks

Figure 5 illustrates the resource allocation fa& tlodeblocks for QPSK with a target code rate 4f 3/
No interleaver segmentation is performed and thenbmr of interleaver columns is 86. The
codeblocks span across 5.5 OFDM symbols.

Next, Figure 6 shows the resource allocation foo twterleaver segments per codeblock and 74
interleaver columns. Here, each segment spanssa2ros OFDM symbols.

Then, Figure 7 gives the resource allocation fomterleaver segments per codeblock with 46
interleaver columns. A segment spans across 1.INO§nbols.
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Figure 5: Resource allocation for QPSK 3/4 using 64  resource blocks with one
interleaver segment per codeblock and 86 interleave  r columns.
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Figure 6: Resource allocation for QPSK 3/4 using 64
interleaver segments per codeblock and 74 interleav
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Figure 7: Resource allocation for QPSK 3/4 using 64
interleaver segments per codeblock and 46 interleav

3.4. Simulation results

6 8 10 12 14
OFDM symbol number

resource blocks with five
er columns.

Figure 8 depicts our simulation results in the fahBLER vs. SNR. We observe that both for code
rate 1/2 and for code rate 3/4 all curves lie alngtirectly upon each other. Channel interleaving in
addition to the circular buffer rate matching irdmrinterleaving does not give any additional bienef

no matter of across how many OFDM symbols the idd& interleaver segments are spread. This

also indicates that OFDM symbol based channellaaeing will very likely not give any benefits, as
the time diversity captured there is even less.
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Figure 8: BLER vs. SNR for different number of inte  rleaver segments per codeblock
with codeblock based channel interleaving (CBI) and no channel interleaving (no CI)

4. Conclusion

We have presented simulation results for codeblbelsed channel interleaving. Interleaver
segmentation was done in such a way that the adttedleaving was performed either across
complete codeblocks or smaller segments thered.gfbater the number of interleaver segments per
codeblock, the smaller is the amount of time-diigthat can be captured by channel interleaving.
Our results show that independent of the numbentefleaver segments per codeblock, there is no
benefit of additional channel interleaving in comddion with the interleaving already included ie th
circular buffer rate matching.

Our results also give a very strong indication @&DM symbol based channel interleavers will not
improve the inherent interleaving from circular fenfrate matching.

Based on our observations we come to the conclalsainn the channel coding architecture with
circular buffer rate matching there is no neediother explicit channel interleaving.
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Appendix A: Simulation parameters

Table 2: General simulation parameters

Parameter Setting

Transmission bandwidth DL 20 MHz
FFT size 2048
TTI length 1.0 ms (1 subframe)
Control overhead 3 OFDM symbols per subframe
Number of data QAM symbol$126
per RB
Modulation scheme QPSK, code rate approx. 1/2%r 3/
Number of used RBs 96 for QPSK 1/2;
64 for QPSK 3/4
Turbo encoding According to [8] incl. QPP turbo eadternal
interleaver
Rate matching Circular buffer rate matching actaydo [2]
Turbo decoding MaxLogMAP algorithm, max. 8 iteraso
Transmission scheme SISO
Channel model Typical urban, 120 km/h
Channel estimation Ideal channel estimation

Appendix B: Flexible channel interleaver details

B.1

Key features

We want to recall the key features of our propageghnel interleaver. These are:

Full flexibility with respect to the number of inphits.
Two-dimensional OFDM time-frequency resource magpaken into account.
Adjacent bits from the interleaver input are nahgmitted over the same subcarrier.

Memory requirement independent of number of ingtg but dependent only on maximum
segment size.
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« Bits from different interleaver runs (i.e. intenea segments) can be processed in parallel.

» Allinterleaver runs process approx. the same numbkits (“first runs” and “last runs” differ
by two bits) using the same operations. Therefate bits experience the same level of
interleaving protection.

The working principle of the proposed channel i@ver is as follows:

In analogy to Release 6 channel coding [7], therenie basic interleaver for QPSK or two identical
basic interleavers for 16-QAM. For 64-QAM we extehis principle so that we have three identical
basic channel interleavers as shown in Figure 8vbeAs the operations of the two or three basic
interleavers for 16-QAM or 64-QAM, respectivelyeaidentical, we will focus only on one basic

interleaver in the following.

Basic flexible
channel interleaver
Uk Ugk+1 Vi Vi1

Basic flexible
> channel interleaver >

Ui+2 Uk+3 V2 Vi3

Uy, Uk+1,---Ukss

Basic flexible
I .
channel interleaver

Uk+4 Ukss Vi+a Viss

Figure 9: General channel interleaver structure for 64 QAM data channel
In our flexible channel interleaver approach a ifecsize segmentation is performed. The
segmentation is done with the following paramegrdepending on the number of input bits:
*  Number of first runs and number of last runs
e Number of rows N and number of columns M respeltive

In this context, aun denotes the block interleaving of a subset (egngent) of the input bits into the
basic interleaver.

The interleaving of the input bits to one basicrofe interleaver comprises the following steps:
e Selection/Calculation of interleaver parameteroetiaog to number of input bits
« Variable segmentation of input bits for first uagt runs
« Block interleaving in first and last runs (may blegessed in parallel)
* Concatenation of interleaved bits from first anst lains

See Figure 10 for an illustrative example of theaspt of first and last runs (interleaver segments)
There, 412 bits are interleaved in 4 first runs andst runs. Note, that Figure 10 is for illustrat
purposes only and does not use the proposed nwhbelumns and rows.

In contrast to our proposed channel interleaves, Release 6 channel interleaver for HS-DSCH
(HSDPA channel interleaver) performs a fixed-siegmentation (physical channel segmentation).
Each segment comprises 960 bits and interleavinthisrsegment is performed using a 32x20 block
interleaver. This works only with a very coarsengdarity in the number of bits to be interleaved.
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Figure 10: Flexible interleaver example with NxM = 9x8, first runs = 4, last runs = 2

B.2

Parameter assignment for segmentation

For the sake of completeness and convenience,chedmthe parameters and calculations from [6].

The number of rowsl and number of columrd, number of matrix elements, and number of firgt an
last runs for the proposed channel interleavedaried within the following steps:

1.

8.

9.

Number of columnsM [0{14344658,7486 . (Note: The actual value of M must be matched to

the number of used resource blocks. In this comtfiob, howeverM was used as a free
parameter to influence the number of interleavgnsants or runs.)

Minimum Number of Rows\l ;. = mlnd_ n?i—TEﬂ/l J\_ZM +1j)

Number of interleaver runs assumingNows: k = Lmh)ltdmtTJ

Number of bits r, which remain after multiplg;Nuns: r = N""‘a -kIM [N,
Number of rowsN = ( 1+ N i
Total number of filling bitsN g, o, = N M [k [ﬂm+1)— N

data

Number of filling bits per interleaver duringstauns: Ny, ., =2 ?’;;;‘fa‘,jj

1 N fill _total

Number of first runs u with f\ min+2: U = PR -k Ny, _min]

Number of last runs v withgNmin: V=k—u

10. Number of matrix element® ¢ ens= N M — (N fil _min)
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The modulation parameter m can take values froor @PSK, over 1 for 16-QAM to 2 for 64-QAM.
NyataiS the number of bits to be interleaved.

The maximum number of rowN in step 5 is Ny This defines the memory requirement for the
interleaver implementation, if the individual ineaver runs are performed successively, or the
maximum processing delay, if the individual intexer runs are performed in parallel.

B.3 Permutation

A column permutation should be applied to breaketations in the two-dimensional OFDM time-
frequency map. We propose that the columns are yiednaccording to the permutation patterns

P={p.,p2,---,pu}:
P={0, 3,6,9,12,1,4,7,10, 13, 2,5, 8, 11} k6=14,

P={0, 5, 10, 15, 20, 25, 30, 1, 6, 11, 16, 21,3K,2, 7, 12, 17, 22, 27, 32, 3, 8, 13, 18, 23333,
4,9, 14, 19, 24, 29} for M=34,

P={0,6,12,18,24,30,36,42,1,7,13,19,25,31,37,43123,20,26,32,38,44,3,9,15,21,27,33,39,45,4,10,
16,22,28,34,40,5,11,17,23,29,35,41} for M=46,

P={0,7,14,21,28,35,42,49,56,5,12,19,26,33,40,43,%9,17,24,31,38,45,52,1,8,15,22,29,36,43,
50,57,6,13,20,27,34,41,48,55,4,11,18,25,32,39,45,%36,23,30,37,44,51} for M=58,

P={0,8,16,24,32,40,48,56,64,72,7,15,23,31,39,48%31,6,14,22,30,38,46,54,62,70,5,13,21,29,
37,45,53,61,69,4,12,20,28,36,44,52,60,68,3,11,136243,51,59,67,2,10,18,26,34,42,50,58,66,1,
9,17,25,33,41,49,57,65,73} for M=74,

P={0,9,18,27,36,45,54,63,72,81,4,13,22,31,40,48586,85,8,17,26,35,44,53,62,71,80,3,12,21,
30,39,48,57,66,75,84,7,16,25,34,43,52,61,70,7920129,38,47,56,65,74,83,6,15,24,33,42,51,
60,69,78,1,10,19,28,37,46,55,64,73,82,5,14,23,3)439,68,77} for M=86,

P={0,10,20,30,40,50,60,70,80,90,100,3,13,23,33318:%73,83,93,103,6,16,26,36,46,56,66,76,
86,96,9,19,29,39,49,59,69,79,89,99,2,12,22,32 4&522,82,92,102,5,15,25,35,45,55,65, 75,85,
95,105,8,18,28,38,48,58,68,78,88,98,1,11,21,311441571,81,91,101,4,14,24,34,44,54,64,74,84,
94,104,7,17,27,37,47,57,67,77,87,97} for M=106.

These permutation patterns generate large distandesquency direction of originally adjacent bits
in the two dimensional OFDM time-frequency map.
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