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I ntroduction

Up to now the exact implementation of compressed mode was not defined in terms of multiplexing and interleaving.
In this paper we propose an implementation for both UL and DL for the DPDCH.
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Abbreviations

CM Compressed Maode

DL Downlink

TGPF Transmission Gap Per Frame (number of idle slots per frame)
RM Rate Matching

UL Uplink

New notationsin UL

Currently N isthe number of data bits offered by the physical channel(s) to the CCTrCH for oneradio framein
normal mode for spreading factor S-

2560
Ng =15x——
We denote now by N ;”’TGPF the number of data bits offered by the physical channel(s) to the CCTrCH for one radio

frame in compressed maode for the spreading factor SF and for the compressed mode with transmission gap per frame
TGPF.

Ng:n,TGPF — 15';'_;;3'3': XI\IS:

One frame compressed mode :
For a one-frame compressed mode we have TGPF = TGL, so, as TGL ranges from 3 to 7 TGPF also ranges from 3 to
7 for a one-frame compressed mode.

Double frame compressed mode :
In the case of a double-frame compressed mode, we have TGPF firg frame + TGPF sacond frame=T GL.
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Moreover, e.g. for TGL = 7, dl the combinations 1+6, 2+5, 3+4, 4+3, 5+2 and 6+1 are allowed. So for the double
frame compressed mode TGPF isranging from 1to 7.

I mplementation for UL for DPDCH

In the UL direction, the RM is performed frame by frame. So it is possible to implement the CM with very little
modification. Only the definition of SETO is changed in section O.

Instead of SETO being the set of N for all SF and number of PhCH, SETO isthe set of for all SF and number of
PhCH, and for a certain compressed mode format.

data

Thisis very similar to the proposal of Ericsson in [3], except that the change begin on SETO and not on Ngaaj, the SF
is not always divided by 2. Also the contribution of Ericsson does not say exactly what happens when the SF is already
4,

In other words the combination of method A and method B is done by the already existing algorithm for selection of
Naataj iN SETO, only SETO is changed.

I mplementation for UL for DPCCH

Thisis not covered by this paper.

I mplementation of method A for DL

Inthe DL, N, . used for the RM parameter determination remains the value in use for normal mode, even if the

method B is used. In other words, the RM parameters are still computed as in normal mode. We do so because,
contrary to UL the RM is not executed frame by frame, but TTI per TTI. So it is not possible to use the RM function
only for the compressed mode.

In consequence we propose the two following changes :
The “flexible position DTX indication insertion” module is modify, in order to insert fewer DTX, when this is
possible.
A new module, called “compressed mode function” is inserted immediately after the 2™ IL

It is to be noted that, contrary to what is said in our contribution referred [2], we propose that the compressed mode
function is immediately after the 2™ IL, and not immediately before. This is possible because we also slightly change
the DTX insertion module.

The advantage of placing the compressed mode function immediately after the 2" IL, is that when the compressed
mode function makes a puncturing, it can make a very straight forward block puncturing. Thanks to the ILing effect,
we expect that this will spread evenly the puncture bits at the input of the channel decoder. However, we had no time
to run simulation, to check whether this works, so we propose this only as a W.A. in order to check by WG1#8

whether thisis acceptable or not. TSGR1#7(99)el8

It isto be noted that in the scheme proposed, the fixed position/flexible position mode is hot changed according to the
compressed/normal mode. So if we are in fixed (resp. flexible) positions of TrCH in normal mode, we remain in fixed
(resp. flexible) positionsin compressed mode.

It isto be noted that, in case of fixed position TrCH, the compressed mode function acts in a predefined way, not
depending on the current TF of TrCH. So BRD schemeis till possible.

However this solution is such that the DTX bits inserted by the “fixed position DTX indication insertion” module are
handled as data bits.
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method B for DL

The potential use of method B is taken into account by this paper, as the compressed mode function can also make
repetition in order to reuse some available bits when the TGPF is shorter than what is made available by the method B
alone.

Currently there is not selection criterion to select method B in DL. Thisis not covered by this document, but by
another paper [4].

method A2

We propose to suppress method A2 from [1], and to insert it in the technical report of items for study in future
releases.

Conclusion

We propose that the following text proposal be accepted for UL, and taken for W.A. for DL.
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~---SNIP---
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13 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the [following] terms and definitions [given in
<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

1.13.2 Symbols

For the purposes of the present document, the following symbols apply:

<symbol> <Explanation>

éxuround towards ¥, i.e. integer such that X £ &t < x+1
éxaround towards -¥, i.e. integer such that x-1 < &0 £ x
¢x¢absolute value of x

... and the following] apply.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:
Nirs  Slot number of thefirst slot in a transmission gap, where slot are numbered from 0 to 14.

----SNIP---

P Number of PhCHs used for one CCTrCH.
PL Puncturing Limit for the uplink. Signalled from higher layers
----SNIP---
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1:13.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

<ACRONYM> <Explanation>

----SNIP---
SNR Signal to Noise Ratio
TGL Transmission Gap Length, number of slot in a transmission gap for compressed mode.
TGPE Transmission Gap Per Frame, definition can be found in section Error! Reference sour ce not found.
TF Transport Format

~--SNIP---
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14 Multiplexing, channel coding and interleaving

4.1 General
----SNIP---

1.14.2 Transport-channel coding/multiplexing

Data arrives to the coding/multiplexing unit in form of transport block sets once every transmission time interval. The
transmission time interval is transport-channel specific from the set { 10 ms, 20 ms, 40 ms, 80 ms}.

The following coding/multiplexing steps can be identified:
----SNI P---

Multiplexing of transport channels (see Section Error! Reference sour ce not found.)
Physical channel segmentation (see Section 4.2.10)

Mapping to physical channels (see Section 4.2.12)

Compressed mode function (see Section 4.2.12)

The coding/multiplexing steps for uplink and downlink are shown in Figure 1 and Figure 2 respectively.
-- SNIP --

Figure 1: Transport channel multiplexing structure for uplink
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The single output data stream from the TrCH multiplexing is denoted Coded Composite Transport Channel
(CCTrCH). A CCTrCH can be mapped to one or several physical channels.

4.2.1 Available PhCH(s) in uplink direction

For the uplink the number P of PhCH, and the number U of bits available to the CCTrCH per PhCH are variable from
radio frame to radio frame. The selection rule is defined in the section 4.2.7.1 about UL rate matching parameter
determination.

4.2.2 Available PhCH(s) in downlink direction

For the downlink the number P of PhCH, and the number U of bits available to the CCTrCH per PhCH have values
that are informed in anticipation to the UE's L1 by the upper layers. These values are :

two semi-static constants U ™ and P™ in normal mode

two semi-static constants U “™° and P“™° in compressed mode with compressed mode format o.

The compressed mode format is determined by the :

the transmission gap per frame in the radio frame in compressed mode,

whether compressed mode formation method B is used or not,

the frame format of the compressed mode radio frame, and/or

the dot formats that are used in the radio frame in compressed mode

The compressed mode format o isinformed to the UE's L1 by the upper layers in anticipation to the concerned radio
frame.

When fixed position of TrCH are used we have P™ = P“™° whatever the compressed mode format o.

--SNIP---

4.2.7 Rate matching
----SNIP---

4.2.7.1 Determination of rate matching parameters in uplink

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when this is
needed because the UE does not support SF down to 4. The rate matching is also used in the uplink in order to
implement the uplink compressed mode. The maximum amount of puncturing that can be applied is signalled from
higher layers and denoted by PL.

The number of available bits in the radio frames for all possible spreading factors is given inf2}—Bdenoted these
valtes by Noss, Niog, Nea, Nao, Nig, Ng, and Ny, where the index refers to the spreading factor.

The possible values of Ngaa then are therefore { Nase, Niss, Naa, Nzo, Nig, Ng, Ny 2Ng, 3Ng, 4N4, 5Ny, 6Ng}_for the
normal mode.
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In_compressed mode, we denote by N;;“’TGPF the amount of available bits for the CCTrCH in a radio frame of

spreading factor SF and with compressed mode transmission gap per frame TGPF. The definitions of TGPF, of NSF

cm, TGPF
NSF

and of in function of Ng- are given below :

N g _can be derived straightforwardly from the spreading factor by the relation :

NSF :]_5)(@

For compressed mode a new parameter TGPF is defined as the number of idle slot in the current radio frame.
We have TGPF defined as follows :

1 TGL, if N, +TGL £15
TGPF ={15- N, for thefirst frame, if N, +TGL >15
[TGL-(15- N, ), for thesecond frame, if N, +TGL >15

In the uplink the compressed mode format of a radio frame is defined as the parameter TGPF, and we have the
relation :

N ST TGPF — 15-TGPF
o == =

XN
15 ¥

: ,TGPF ,TGPF ,TGPF ,TGPF ,TGPF ,TGPF
The possible values of Ny then are therefore { Ny GPF N5 . Ng A\ L NE A\

NE™TEPF  2NS™TOF - BNS™TOPR | ANS™TOP | BNJ™TO - BNS™TC ) for the compressed mode with

transmission gap per frame.

1

Depending on the UE capabilities, the supported set of Ngxa , denoted SETO, can be a subset of { Nosg, Niog, Nea, Nao,
Nig, Ng, Na No, Najz, N1, Nuys, Naye} in normal mode. In compressed mode with compressed mode frame format o, SETO

. cm, TGPF cm, TGPF cm, TGPF cm, TGPF cm, TGPF cm, TGPF cm, TGPF cm, TGPF
is a subset of { Nz ™, N . Ng . Ng . Npg . Ng . N, 2N, s

BNS™TET AN BN BN T } ENase Niosr Noar Naar Nis NarNa, 2N 3N 4Ny 5NN}

Naata, j fOr the transport format combination j is determined by executing the following algorithm:

. RM
. 9 X . .
SET1={ Ngawin SETOsuchthat Ny, - Q — — XN, ; isnon negative }
: mm{ RM, f

T IEYEI

-- SNIP--

4.2.7.2 Determination of rate matching parameters in downlink

For downlink Nga; does not depend on the transport format combination j. Nya 1S given by the channelization
code(s) assigned by higher layers.

The rate matching parameters are determined with the Nyao » Value of normal mode. In compressed mode, even if the
value of Ngata» IS changed, the rate matching parameters are the same as in normal mode.

4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula :
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1
N,. ==xmax N, "
' |:i 1M TFs(i)

-- SNIP--

4.2.9 Insertion of discontinuous transmission (DTX) indication bits

-- SNIP -

4.2.9.1 Insertion of DTX indication bits with fixed positions

-- SNIP -

4.2.9.2 Insertion of DTX indication bits with flexible positions

Note: Below, it is assumed that all physical channels belonging to the same CCTrCH use the same SF. Hence, for all
physical channel p we have U,=U=censtant:

Note : the value of P and U in downlink are known in advance to be either P™ and U ™ in normal mode, or P™°
and U “™° in compressed mode with compressed mode format 0. Refer to section 4.2.2 for more details.

_This step of inserting DTX indication bitsis used only if the positions of the TrCHs in the radio frame are flexible.
The DTX indication bits shall be placed at the end of the radio frame. Note that the DTX will be distributed over al
dlots after 2™ interleaving.

In the following, N . isthe number of bits made available by the physical channels to the CCTrCH in normal

data,

mode, like in section 4.2.7.2, and this is a semi-static constant for the CCTrCH. P is the number of PhCHs, and is also
asemi-static constant in DL.

Normal mode ;
In_normal mode, we have by definition P™ XJ™ =P™ X = N_,,.. Moreover we have S£ Ng,,.. S0
N - S_DTX indication bits are to be inserted.

data,*

Compressed mode :
Pcm ,0 ::e S u

Bpl

flexible position DTX indication insertion equates to a size equalisation.

SDTX indication hits are inserted, so W = g E In other words, in compressed mode the

The bits input to the DTX insertion block are denoted by S, S,,S;,. .., Sg,where Sis the number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bits in one radio frame, including DTX
indication bits, for each PhCH by U.

The bits output from the DTX insertion block are denoted by W;, W, , W, ..., Wi pyy) W WorWar—Wrppy-. Note that
these bits are three-valued. They are defined by the following relations:

=s k=123, ..,5S
=d k=S+1,S+2,S+3, ..., PUPW

where DTX indication bits are denoted by d.. Here S T {0,1}and d T {0,1}.
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Note : the relation above holds even when the TrCH are in fixed positions, because in this case we have
P™ =P™ =P _and S=PMW = Ng,,..and therefore the above relation equates to no DTX indication bit

insertion.

4.2.10 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 X, X,, Xs, ..., Xy X5X5 X%, Where ¥-X isthe
number of bits inputted to the physical channel segmentation block. The number of PhCHs is denoted by P._The output
bits of the physical channel segmentation are denoted V;, Y., Ys,. .-, pr , where Y,_is the number of bits outputted to

by the physical channel segmentation block to the PhCH number p.

The bits after physical channel segmentation are denoted Yo1r Yp2s Ypare-es yp’Yp bbbty , Wherepis

PhCH number and U-Y, is the number of bits in one radio frame for each-PhCH_number p.

Note: Below, it is assumed that all physical channels belonging to the same CCTrCH use the same SF. Hence, for all

X Y
for all PhCH p--e. Yp =Y = Sy U:—; The relation between Xx and Hgi-Ypk is given below.

Bits on first PhCH after physical channel segmentation:
Vi = X Hg=X% k=12,... Y
Bits on second PhCH after physical channel segmentation:

Yok = Xpaw) ¥z =Koy k=1,2,.., Y8

Bits on the P" PhCH after physical channel segmentation:

Yok = Xsp-yw) o —Xrzpgoy K= 1.2, ..., ¥Y

4.2.10.1 Relation between input and output of the physical channel segmentation block
in uplink
The bits input to the physical channel segmentation are denoted by S, S,, S;,...,Sg . Hence, Xk = Scand ¥X= S

The bits outputted by the physical channel segmentation are denoted by u,,. with p ranging from 1 to P and k ranging
from 1 to U. Hence Hence, Ypx = Upkand Y= U.

4.2.10.2 Relation between input and output of the physical channel segmentation block
in downlink

If fixed positions of the TrCHs in aradio frame are used then the bits input to the physical segmentation are denoted
by S,,S,,S;,...,Sg . Hence, Xk = Scand ¥-X = S= PW.

If flexible positions of the TrCHs in aradio frame are used then the bits input to the physical segmentation are denoted
by Wi, Wy, Wy, ...y Wipyyy W W W Wy Hence, X = Wi and ¥-X = PUPA.

The bits outputted by the physical channel segmentation are denoted by u,,.« with p ranging from 1 to P and k ranging
from 1 to W. Hence Hence, Ypx = Upkand Y= W.
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4211 2" interleaving

Note : for the uplink direction we take the convention that W = U, in order to keep the same description of input
bits for both uplink and downlink.

In the downlink, the Wis equal to U in fixed positions of TrCH, and is determined asin section 4.2.9.2 in flexible
positions of TrCH

The 2" interleaving is a block interleaver with inter-column permutations. The bits input to the 2™ interleaver are
denoted Uy Upos Upgse oy Uy Bt srbls b, where p is PhCH number-and-U-is-the-number-of-bits-in

oneradio-frame for-one PhCH-.

(1) Set the number of columns C, = 30. The columns are numbered 0, 1, 2, ..., C,-1 from left to right.

(2) Determine the number of rows R, by finding minimum integer R, such that
U-WE RC,.

(3) The bitsinput to the 2" interleaving are written into the R, ~ C, rectangular matrix row by row.

e uy Uy, Uys o U U
é a
& U Uoz Uozs o U g
: : : : -
e v
(R -20+)  Up(r-120+2) Up(r,-n20+3) -+ Up(r,300

(4) Perform the inter-column permutation based on the pattern {P,(j)} (j = 0, 1, ..., C,-1) that is shown in Table 1,
where P,(j) is the original column position of the j-th permuted column. After permutation of the columns, the

bits are denoted by Yp«.

éypl Yor+1)  Yp2r,+1)  -e- yp,(29R2+1)l;|
e u
a¥2 Yor+2 Yoer+2 - Yeir+2)(
g : : : : G
€ u
&, Yor)  Yer) o Yeeory O

(5) The output of the 2" interleaving is the bit sequence read out column by column from the inter-column permuted
R, ~ C, matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits Yp«
that corresponds to bits upk with k>UJ-W are removed from the output. The bits after 2" interleaving are denoted
by Z,1,2Z, 5, Zyw Y Vpor— Vg Where ¥pa-Zy 1 corresponds to the bit Ypi with smallest index k after

pruning, ¥e2-Zy 2 to the bit Y, « with second smallest index k after pruning, and so on.

Table 1

Number of column C, I nter-column permutation pattern

30 {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}

4.2.11.1 Relation between input and output of the 2" interleaving in uplink

The bits outputted by the 2™ interleaving are denoted by v, with the PhCH number p ranging from 1 to P, and the bit
number k ranging from 1 to W. Hence, z,k = Vpk.
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4.2.11.2 Relation between input and output of the 2" interleaving in downlink

The bits outputted by the 2™ interleaving are denoted by r, with PhCH number p ranging from 1 to P, and bit number
k ranging from 1 to W. Hence, zpx = I'pk.

4.2.12 Compressed mode function

For the PhCH number p, the input bits of the compressed mode function are denoted by T FPTIRT PRV and the

output bits are denoted by Vo1 Vp 2 Vpy -

Two cases are to be distinguished :
1% case UEW:

Vok = ok fork=12,...,U
2" case USW
Vok = ok fork=12,....W ,and

HU+WJK=W+LW+2,...,U

Note 1 : In norma mode, W =U =U "™  and therefore the input and output bits are identical in values and in
number.

Note 2: In compressed mode, The value of U is known in anticipication and is a semi-static constant U “™° depending
on the compressed mode format o.

Note 3: in fixed position of TrCH W is a semi-static constant equal to U ™ be it normal or compressed mode. So U
being know in anticipation, the compressed mode function is operated in away predicable to the receiver.

42.124.2.13 Physical channel mapping
----SNI| P---

4.2.13.1 Mapping of TFCI word in Split Mode
----SNI P---

4.4 Coding of compressed mode
- SNIP --

44.1 Frame structure types in downlink
-- SNIP --

4.4.2 Transmission time reduction method
-- SNIP --

4.4.2.1 Method Al: By puncturing, basic case
- SNIP--

1) Thisfigure does not take into account the extra TFCI bits from deleted slots
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2) If no TFCI then the TFCI field is blank
Note: Compressed mode with puncturing cannot be used for SF=512 with TFCI

Compressed transmission during
one interleaver span

4.4.234.4.2.2 Method B: By reducing the spreading factor by 2

-- SNIP--




