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1 INTRODUCTION

Bit Scrambling for TDD has been proposed at RAN WG1 #17 to overcome the potentia problem of
DC offsets in specific dtuations [1]. In the discusson one concern was raised on the usage of Bit
Scrambling for the UL.

There are severa reasons to use the bit scrambling for the UL aswell:

?? In specific conditions (e.g., test, uncoded data like fax), there may be data patterns that result in a
DC component for the UL signd as well. Even if the NodeB's receiver may be DC coupled, the
trangmitter of a smple UE may cancd the DC offst that will result in the same problems as
described in [1].

?? The scrambling polynomid and the scrambling function itsdf will be implemented in the UE anyway
for DL, s0 the savings of not usng Bit Scrambling for the UL will congst of only some redly
margina increase in computationa complexity.

?? Udng Bit Scrambling in the UL as well would retain the DL/UL symmetry of the multiplexing chain
for TDD.

2 PROPOSAL

With respect to the above mentioned items, we propose to use Bit Scrambling both for the UL and the
DL. Corresponding CRs for TS25.221 and TS25.222 are attached to this TDoc.

3 REFERENCES

[1] TDoc R1-00-1340, Transmission of Long Sequences with Same Data, Semens AG, 3GPP
TSG RAN WG1#17 meeting, Stockholm, Sweden, 24-27 Nov. 2000
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5.3.7  The Paging Indicator Channel (PICH)

The Paging Indicator Channel (PICH) isaphysical channel used to carry the paging indicators.

5.3.7.1 Mapping of Paging Indicators to the PICH bits

Figure 15 depicts the structure of a PICH burst and the numbering of the bits within the burst. The same burst typeis
used for the PICH in every cell. Np g bitsin anormal burst of type 1 or 2 are used to carry the paging indicators, where
Npig depends on the burst type: Npg=240 for burst type 1 and Npg=272 for burst type 2. The bitsbypeSupig -

bNQI—BSNPIB+4.t3 adj acent to the mi dambl eare reserved for possible future use.TFhey-shall-be set to-0-and-transmitted with
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Figure 15: Transmission and numbering of paging indicator carrying bits in a PICH burst

Each paging indicator P, in one time slot is mapped to the bits { Sy pxqr1 1-..S21 piv(q+ 1t Within this time slot. Thus, due to
the interleaved transmission of the bits half of the symbols used for each paging indicator are transmitted in the first
data part, and the other half of the symbols are transmitted in the second data part, as exemplary shown in figure 17 for
apaging indicator length Lp,_of 4 symbols.

2560T 2560T
c c
2 unused 2 unused
symbols symbols

Midamble Midamble
(256 Chips) (512 Chips)

N —— Y

Figure 16: Example of mapping of paging indicators on PICH bits for Lp=4

The setting of the paging indicators and the corresponding PICH bits (including the reserved ones) is described in [7].

In each radio frametimeslot, Np, paging indicators are transmitted, using Lp;=2, Lpj=4 or Lp;=8 symbols.Lp-iscalled

the paging-ndicator-tength. The number of paging indicators Np, per thme-slotradio frame is given by the paging
indicator length and the burst type, which are both known by higher layer signalling. In table 8 this number is shown for
the different possibilities of burst types and paging indicator lengths.
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indicator lengths Lp

Lp=2 Lp=4 Lp=8
Burst Type 1 Np=60 Np=30 Np=15
Burst Type 2 Npi=68 Npi=34 Npi=17

Table 8: Number Np, of paging indicators per time slot for the different burst types and paging

5.3.7.2 Structure of the PICH over multiple radio frames

Asshown in figure 16, the paging indicators of Npcy consecutive frames form a PICH block, Npcy isconfigured by
higher layers. Thus, Np=Np,c* Np| paging indicators are transmitted in each PICH block.

1 PICH Block
Po, ..., Pnpir | Poy ooy Preir | Ll Po, ..., Pnpia | Po, ..., Prpra

Figure 176: Structure of a PICH block

ThevauePl (Pl =0, ..., Np-1) calculated by higher layers for use for acertain UE, see[15], is associated tothe paging
indicator Py in the nth frame of one PICH block, where g is given by

g = Pl mod Np,
and nisgiven by

n =Pl div Npi.

The Pl bitmap in the PCH data frames over lub contains indication values for al possible higher layer Pl values, see
[16]. Each bit in the bitmap indicates if the paging indicator P, associated with that particular Pl shall be setto O or 1.
Hence, the calculation in the formulas above is to be performed in Node B to make the association between Pl and P,

2560T 2560T
c c
2 unused 2 unused
symbols symbols
— —

Midamble Midamble
(256 Chips) (512 Chips)
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4.2 Transport channel coding/multiplexing

Figure 1 illustrates the overall concept of transport-channel coding and multiplexing. Data arrivesto the
coding/multiplexing unit in form of transport block sets, once every transmission timeinterval. The transmission time
interval istransport-channel specific from the set {10 ms, 20 ms, 40 ms, 80 ms}.

The following coding/multiplexing steps can be identified:
- add CRC to each transport block (see subclause 4.2.1);
- TrBk concatenation / Code block segmentation (see subclause 4.2.2);
- channel coding (see subclause 4.2.3) ;
- radio frame size equalization (see subclause 4.2.4);
- interleaving (two steps, see subclauses 4.2.5 and 4.2.10);
- radio frame segmentation (see subclause 4.2.6);
- rate matching (see subclause 4.2.7);
- multiplexing of transport channels (see subclause 4.2.8);

- bit scrambling (see subclause 4.2.9);

- physical channel segmentation (see subclause 4.2.109);
- mapping to physical channels (see subclause 4.2.1112).

The coding/multiplexing steps for uplink and downlink are shown in figure 1.

3GPP
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Figure 1: Transport channel multiplexing structure for uplink and downlink
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Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or several
physical channels. However, an alternative way of multiplexing servicesisto use multiple CCTrCHs (Coded Composite
Transport Channels), which corresponds to having several parallel multiplexing chainsasinfigure 1, resulting in
several data streams, each mapped to one or several physical channels.

3GPP
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4.2.8  TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serially
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by f,,, f; ,, f; 5[ , f;\, , wherei isthe TrCH number and V; is
the number of bitsin the radio frame of TrCH i. The number of TrCHs is denoted by I. The bits output from TrCH
multiplexing are denoted by-57S57S5H—+Ss hy, h,, hs, 0, hg , where Sisthe number of bits, i.e. S? 2 V.. The TrCH

multiplexing is defined by the following relations:

S2Fh 2 f k=12,
—Sk—l.Lfth ? f2,(k?V1) k= V1+ 1, V1+2, ceny V1+V2

TR KIG ;) hk ? f3’( D) k= (V1+ V2)+ 1, (V1+ V2)+ 2, ... (Vl+ V2)+ V3

Sk 2 fl TRV, 70 Vo) hk ? fl,(k?(Vl?Vz?i W,o1) k= (V1+V2+ ...+V|_1)+ 1, (V1+V2+ ...+V|.1)+ 2, ...

(V1+ Vot ..+ V|.1)+ Vi

429 Bit Scrambling

The bits output from the TrCH multiplexer are scrambled in the bit scrambler. The bits input to the bit scrambler are
denoted byh; ,h,,hg,0 , hy . where Sis the number of bitsinput to the bit scrambling block egual to the total number of

bits on the CCTrCH. The bits after bit scrambling are denoted S, S,, S5, , Ss.

Bit scrambling is defined by the following relation:

_s?h.?p. _k?120 ,S

and P, resultsfrom the following operation:

216 2
P 2 ?2? G 2P gmod 2.p.?20;k?1.p, ?1;. g27,00,0,00,0,00,010110,1?

7i?1

4.2.109 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by S, S,, %,D ,Ss , where Sis the number of bitsinput to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted U ,,U p21 U 0 ,u pU. where p is PhCH number and U, is
! P

pl’
thein general variable number of bitsin the respective radio frame for each PhCH. The relation between S and Up k is
given below.

p.3?
Bits on first PhCH after physical channel segmentation:

U, ?S k=12,..,U

Bits on second PhCH after physical channel segmentation:

3GPP
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u2,k ?S(k?Ul) k = 1,2, ...,U2

Bits on the P"" PhCH after physical channel segmentation:

Upk ? Skw,2 200y K=12, .., Up

4.2.110 2nd interleaving

The 2" interleavi ng is ablock interleaver and consists of bitsinput to amatrix with padding, the inter-column
permutation for the matrix and bits output from the matrix with pruning. The 2nd interleaving can be applied jointly to
all data bits transmitted during one frame, or separately within each timeslot, on which the CCTrCH is mapped. The
selection of the 2nd interleaving scheme is controlled by higher layer.

421101 Frame related 2nd interleaving

In case of frame related 2" interl eavi ng, the bitsinput to the block interleaver are denoted by X, X,, X, O, X, »Wwhere

U isthe total number of bits after TrCH multiplexing transmitted during the respective radio frame with
S?U??U,.

p

The relation between Xk and the bits Up k in the respective physical channelsis given below:

X ?U,  k=12,..,U

X(k?Ul) ?uz,k k=12,...,U,

X(k2U,2.. 20 o) ? U, k=1,2,..,Up

The following steps have to be performed once for each CCTrCH:

(1) Assign C2 = 30 to be the number of columns of the matrix. The columnsof the matrix are numbered 0, 1, 2, ...,
C2- 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:
U? R2XC2.
The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write the input bit sequence X, X,, X;,l) , X, intotheR2 ? C2 matrix row by rowstarting withbit Y, in

column O of row O:

g Y1 Y, Y3 1 Yo Z
’:) Yicon Y Yica23) 0 Y2 ’)
? U U N U 0 ?
2 ?

:@y((RZ?l)?CZ?l) y((RZ?l)?C2?2) y((RZ?l)?CZ?3) i y(RZ?cz)?
where Y, ? X, fork=1,2, ..., Uandif R2? C2> U, the dummy bits are padded such that Yy, =0or 1fork =

U+1, U+2 ...,R2? C2. Thesedummy bits are pruned away from the output of the matrix after the inter-
column permutation.
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. . . . . .
(4) Perform theinter-column permutation for the matrix based on the pattern <P2 ! '>J 1 o1 that is shownin

table 7, where P,(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by ', .

gyll y'(RQ?l) yl(2?R2?1) i y.((Cz-l)?RZ?l)g

':)ylz y'(R2?2) yl(z.?Rz?z) i yl((CZ-l)?RZ?Z)':)

? 0 [ 0 0 0 ?
2

? , , , :
’?y'Rz Yoy Yery U Yizry 2

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 ? C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the

matrix before the inter-column permutation, i.e. bits Y', that correspondsto bits Y, withk > U are removed
from the output. The bits after frame related ond interleaving are denoted by V,,V, il VM, » where V1 corresponds

to the bit y', with smallestindex k after pruning, V2 to the bit ', with second smallest index k after pruning,
and so on.

4.2.110.2 Timeslot related 2™ interleaving

In case of timeslot related 2" interleaving, the bitsinput to the block interl eaver are denoted by X1 X 20 X 3ol %y, s

wheret refersto a certain timeslot, and U; is the number of bits transmitted in this timeslot during the respective radio
frame.

In each timeslot t the relation between X k and Uy, p k is given below with Py refering to the number of physical channels
within the respective timeslot:

X ?Uq k=1,2,..,Uy

Xt,(k?Utl) ’) ut,2,k k= 1 21 By Ut2

Xt,(k'?Utl?...?Ut?H?l?) ?ut,R,k k=12,.., Ug

The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:

(1) Assign C2= 30 to be the number of columns of the matrix. The columnsof the matrix are numbered 0, 1, 2, ...,
C2- 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:
U ?R2? C2

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Writethe input bit sequence X, 1, X, 5, X 3,10 , Xy, intotheR2 ? C2 matrix row by rowstarting withbit Y, ;
in column O of row O:

?  Yu Yi2 Yis 0 Ve ?
? ?
2 Yuewn Yi(222) Yi(223) U Yi2oc2) 2
? [] [] [] [] o 2
? ?

Wi (rerrc2ey Yirerezez)  Yi(rernac22) i Yi(re2c2) 2
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where Y, ? X fork=1,2, ..., U andif R2? C2 > Uy, the dummy bits are padded such that Y, , =0 or 1for

k=U+1, U +2 ..., R2? C2. These dummy bits are pruned away from the output of the matrix after the inter-
column permutation.

(4) Perform the inter-column permutation for the matrix based on the pattern <P2rj '>J that isshownin

27,1 ,C271?
table 7, where P2(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by Y", , .

zy't,l ylt,(RZ?l) ylt,(2?R2?l) i ylt,((CZ-l)?RZ?l)g

’:)ylt,2 ylt,(R2?2) y|t,(2?m?2) i ylt,((CZ-l)?RZ?Z)’:)

? 0 U 0 0 0 ?
?

? , -
’?y't,Rz ylt,(Z?W) Yiary U y't,(CZ?RZ) 2

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 7 C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the

matrix before the inter-column permutation, i.e. bits Y, that correspondsto bits Y, , withk > U; are removed
from the output. The bits after time slot 2™ interleaving are denoted by Ve Vo) 3 Vi, where Vi

corresponds to the bit ', | with smallestindex k after pruning, Vi 2 to the bit y', , with second smallest index k
after pruning, and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Number of Columns C2 Inter-column permutation pattern
< P2(0), P2(1), ..., P2(C2-1) >

<0, 20,10,5,15,25,3,13,23,8, 18,28,1, 11, 21,
6,16,26,4,14,24,19,9,29,12,2,7,22,27,17>

30

4.2.121 Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by

W, 1, W, W,y , wherep isthe PhCH number and Uy is the number of bitsin one radio framefor the respective
! P

PhCH. The bitsWp, k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending
order with respect tok.

p.27

The mapping of the bits Vi) 1,V¢) 25-++) Vi, is performed like block interleaving, writing the bitsinto columns, but a

PhCH with an odd number isfilled in forward order, were as a PhCH with an even number isfilled in reverse order.

The mapping scheme, as described in the following subclause, shall be applied individually for each timeslot t used in
the current frame. Therefore, the bits V, ;,V, ,,...,V;,, areassigned to the bits of the physical channels

Wort.ug W20, 0 Weor 1, 1D each timeslot.

In uplink there are at most two codes allocated (P?2). If there is only one code, the same mapping as for downlink is
applied. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. For the number of consecutive
bits to assign per code bsy the following rule is applied:

if
SF1>=SF2 thenbs; =1 ; bs, = SF1/SF2 ;
else

SF2 > SF1 then bs; = SF2/SF1; bs, =1;
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end if

Inthe downlink case bs,is 1 for al physical channels.

4.21112.1 Mapping scheme
Notation used in this subclause:
P« number of physical channelsfor timeslot t, P, = 1..2 for uplink ; P; = 1...16 for downlink
Uip:  capacity in bitsfor the physical channel pin timeslot t
U;:  total number of bitsto be assigned for timeslot t
bs,:  number of consecutive bits to assign per code

for downlink all bs, =1

for uplink if SF1>=SF2 thenbs; =1 ; bs, = SF1/SF2;

if SF2 > SF1 then bs; = SF2/SF1; bs, =1

fbp:  number of already written bits for each code

pos: intermediate calculation variable

for p=1 toP; -- reset number of already written bits for every physical channel
fbp,=0

end for

p=1 -- start with PhCH #1

for k=1 to Uy,
do while (fbp == U p) -- physical channel filled up already ?

p=(pmodR)+1,

end do
if (p mod 2) ==
pos = Uy, - by -- reverse order
else
pos=fbp+1 -- forward order
endif
Wip,pos = Vik -- assignment
fop =fby+ 1 -- Increment number of already written bits
if (fbp, mod bs,) == -- Conditional change to the next physical channel

p=(pmodR)+1,
endif

end for
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4.2.1213 Multiplexing of different transport channels onto one CCTrCH, and
mapping of one CCTrCH onto physical channels

Different transport channels can be encoded and multiplexed together into one Coded Composite Transport Channel
(CCTrCH). Thefollowing rules shall apply to the different transport channels which are part of the same CCTrCH:

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed because one or more transport channels are added to the CCTrCH or reconfigured within
the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of aradio frame with
CEN fulfilling the relation

CFN mod Fpax =0,

where Fa denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, including any transport channelsi which are added
reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of the
changed CCTrCH.

After addition or reconfiguration of atransport channel i withinaCCTrCH, the TTI of transport channel i may only
start in radio frames with CFN fulfilling the relation

CFN, mod F =0

2) Different CCTrCHs cannot be mapped onto the same physical channel.

3) One CCTrCH shall be mapped onto one or several physical channels.

4) Dedicated Transport channels and common transport channels cannot be multiplexed into the same CCTrCH.

5) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH.

6) Each CCTrCH carrying aBCH shall carry only one BCH and shall not carry any other Transport Channel.

7) Each CCTrCH carrying a RACH shall carry only one RACH and shall not carry any other Transport Channel.
Hence, there are two types of CCTrCH.
CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several DCH.

CCTrCH of common type, corresponding to the result of the coding and multiplexing of acommon channel, i.e. RACH
and USCH in the uplink and DSCH, BCH, FACH or PCH in the downlink, respectively.

Transmission of TFCI is possible for CCTrCH containing Transport Channels of:
- dedicated type;
- USCH typs;
- DSCH type;

- FACH and/or PCH type.
4.231213.1 Allowed CCTrCH combinations for one UE

421213.1.1 Allowed CCTrCH combinations on the uplink
Thefollowing CCTrCH combinations for one UE are allowed, also simultaneously:
1) several CCTrCH of dedicated type;

2) several CCTrCH of common type.

4.24213.1.2 Allowed CCTrCH combinations on the downlink

Thefollowing CCTrCH combinations for one UE are allowed, also simultaneously:
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3) several CCTrCH of dedicated type;

4) several CCTrCH of common type.

4.2 1314 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
aTFCI istransmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is
transmitted, so called blind transport format detection may be used, i.e. the receiver side uses the possible transport
format combinations asapriori information.

4.21314.1 Blind transport format detection

Blind Transport Format Detection is optional both in the UE and the UTRAN. Therefore, for all CCTrCH a TFCI shall
be transmitted, including the possibilty of a TFCI length zero, if only one TFC is defined.

4.21314.2 Explicit transport format detection based on TFCI

4.24314.2.1 Transport Format Combination Indicator (TFCI)
The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the

CCTrCHs. Assoon asthe TFCI is detected, the transport format combination, and hence the individual transport
channels' transport formats are known, and decoding of the transport channels can be performed.

3GPP



3GPP TS 25.222 V3.5.0 (2000-12) 37

4.3.2 Coding_and Bit Scrambling of the Paging Indicator

The paging indicator Py-.q =0, ... Npi-1, P, ? {0, 1} isan identifier to instruct the UE whether there is apaging
message for the groups of mobiles that are associated to the PI, calculated by higher layers, and the associated paging
indicator Py. The length Lp of the paging indicator is Lpj=2, Lpj=4 or Lp;=8 symbols. Npig = 2* Np * Lp; bits are used for

the paging indicator transmission in one radio frame. The mapping eeding-of the paging indicators to the bitse, i =1,
.... Npjg_isshown in table 10.

Table 10: Mapping Ceding-of the paging indicator

Bits Paging-ndicator Content

— e - - -
Pg Bits {€21 pi*q+1, €21 pi*g+2, ... €21 pi¥(q+1) } Meaning
0 {0.0,....0} There is no necessity to receive the PCH
1 {1.1,...1} There is the necessity to receive the PCH

If the number S of bitsin one radio frame available for the PICH is bigger than the number Npg_0f bits used for the

transmission of paging indicators, the sequencee={e;, &, ..., expis} iS extended by SNpg_bits that are set to zero,
resulting in asequenceh ={hq, h,, ... hg}:

he 20, k?Npg, ... S

Thebitsh, .k =1, ..., Son the PICH then undergo bit scrambling as defined in section 4.2.9.

Thebitss, k =1, ..., Soutput from the bit scrambler are thentransmitted over the air as shown in[7].
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