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Table 9: Slot format of the control part of CPCH message part
Slot Channel Bit Channel SF Bits/ Bits/ | Npiot | Ntrc | Ntrci | Nesi
Format #i Rate (kbps) Symbol Rate Frame Slot
(ksps)
0 15 15 256 150 10 6 2 2 0
1 15 15 256 150 10 5 2 2 1

Figure 7 shows the frame structure of the uplink common packet physical channel. Each frame of length 10 msis split
into 15 dots, each of length T 4o = 2560 chips, corresponding to one power-control period.

Dala
Data N gaa bits
Control Pilot TFCI FBI TPC
~onirol Noilot Dits N+eq bits Neg bits Nrpc bits
) Taor = 2560 chips, 10* 2% bits (k=0..6) -
Slot#0 | Slot #1 Slot #i Slot #14

A
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|

1radio frame: T; =10 ms
Figure 7: Frame structure for uplink Data and Control Parts Associated with PCPCH

The data part consists of 10* 2" bits, wherek = 0, 1, 2, 3, 4, 5, 6, corresponding to spreading factors of 256, 128, 64, 32,
16, 8, 4 respectively.

5.3 Downlink physical channels

5.3.1

Table 10 summarises the possible application of open and closed loop transmit diversity modes on different downlink
physical channel types. Simultaneous use of STTD and closed loop modes on the same physical channel is not allowed.
In addition, if Tx diversity is applied on any of the downlink physical channelsit shall aso be applied on P-CCPCH and
SCH. Regarding CPICH transmission in case of transmit diversity, see subclause 5.3.3.1.

Downlink transmit diversity

With respect to the usage of Tx diversity for DPCH on different radio links within an active set, the following rules
apply:

- Different Tx diversity modes (STTD and closed |oop) shall not be used on the radio links within one active set.

- No Tx diversity on one or moreradio links shall not prevent UTRAN to use Tx diversity on other radio links
within the same active set.

- If STTD isactivated on one or severd radio linksin the active set, the UE shall operate STTD on only those
radio linkswhere STTD has been activated. Higher layers inform the UE about the usage of STTD on the
individual radio linksin the active set.

- If closed loop TX diversity is activated on one or several radio linksin the active set, the UE shall operate closed
loop TX diversity on only those radio links where closed loop TX diversity has been activated. Higher layers
inform the UE about the usage of closed loop TX diversity on theindividual radio linksin the active set.

Furthermore, the transmit diversity mode used for a PDSCH frame shall be the same asthe transmit diversity mode
used for the DPCH associated with this PDSCH frame. The transmit diversity mode on the associated DPCH may not
change during a PDSCH frame and within the dot prior to the PDSCH frame. This includes any change between no Tx
diversity, open loop, closed loop mode 1 or closed loop mode 2.
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Also, the tranamit diversity mode used for aHS-SCCH-anrd-or-a HS-PDSCH subframe shall be the same as the tranamit
diversity mode used for the DPCH associated with this HS-SEEH-and-er-HS-PDSCH subframe. 1f the DPCH associated
with an HS-SCCH subframe isusing either open or closed 100p tranamit diversity on the radio link transmitted from the
HS-DSCH serving cell, the HS-SCCH subframe from this cell shall be transmitted using STTD, otherwise no transmit
diversity shall be used for this HS-SCCH subframe. The transmit diversity mode on the associated DPCH may not
change during a HS-SCCH and or HS-PDSCH subframe and within the dot prior to the HS-SCCH subframe. This
includes any change between no Tx diversity; and either open loop_or; closed loop mode-1-er-closed-oop-mode 2.

Table 10: Application of Tx diversity modes on downlink physical channel types

"X" —can be applied, "-" — not applied
Physical channel type Open loop mode Closed loop mode
TSTD STTD Mode 1 Mode 2

P-CCPCH - X - -
SCH X — — -
S-CCPCH — X — -
DPCH — X X X
PICH — X — —
PDSCH — X X X
HS-PDSCH — X X —
HS-SCCH — X —X —
AICH — X — —
CSICH — X — -
AP-AICH - X - -
CD/CA-ICH - X _
DL-DPCCH for CPCH — X X X

5.3.1.1 Open loop transmit diversity

53111 Space time block coding based transmit antenna diversity (STTD)

The open loop downlink transmit diversity employs a space time block coding based tranamit diversity (STTD).
The STTD encoding is optional in UTRAN. STTD support is mandatory at the UE.

If higher layers signd that neither P-CPICH nor S-CPICH can be used as phase reference for the downlink DPCH for a
radio link in acdl, the UE shall assumethat STTD isnot used for the downlink DPCH (and the associated PDSCH if
applicable) in that cell.

A block diagram of a generic STTD encoder is shown in the figure 8 and figure 8A below. Channe coding, rate
matching and interleaving are done asin the non-diversity mode. For QPSK, the STTD encoder operates on 4 symbols

bo, by, b, bs as shown in figure 8. For AICH, AP-AICH and CD/CA-ICH, the b areredl valued signals, and b is
defined as — b . For channels other than AICH, AP-AICH and CD/CA-ICH, the b are 3-valued digits, taking the
values0, 1, "DTX", and by isdefined asfollows: if b =0then b =1,if b = 1then b =0, othewise b = b .

Antenna 1
(oo ]o0 [0

Symbols

m Antenna 2

1

STTD encoded symbols
for antenna 1 and antenna 2.

Figure 8: Generic block diagram of the STTD encoder for QPSK
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Table 8: Summary of number of feedback information bits per slot, Neggp, feedback command length
in slots, Nw, feedback command rate, feedback bit rate, number of phase bits, Ny, per signalling
word, number of amplitude bits, N,,, per signalling word and amount of constellation rotation at UE
for the two closed loop modes

Closed | Nesp | Nw Update Feedback bit Npo Nph Constellatio
loop rate rate n rotation
mode

1 1 1 1500 Hz 1500 bps 0 1 W2
2 1 4 1500 Hz 1500 bps 1 3 N/A

7.1 Determination of feedback information
The UE uses the CPICH to separately estimate the channels seen from each antenna.

Once every dot, the UE computes the phase adjustment, ¢ and for mode 2 the amplitude adjustment that should be
applied at the UTRAN access point to maximise the UE received power. During soft handover, the UE computes the
phase adjustment and for mode 2 the amplitude adjustment to maximise the total UE received power from the cellsin
the active set. In the case that a PDSCH; or HS-PDSCH-erHS-SCCH is associated with a DPCH for which closed-
loop transmit diversity is applied, the antenna weights applied to the PDSCH; and HS-PDSCH;-anrd-HS-SCCH,
respectively, are the same as the antenna weights applied to the associated DPCH. In case a PDSCH; or HS-PDSCH;-er
HS-SCECH is associated with a DPCH during soft handover, the UE may emphasize theradio link transmitted
fromearrying PDSCH; or HS-PDSCH serving cell;-er-HS-SCEH, respectivey, when cal culating the antenna weights.
An example of how the computations can be accomplished is given in Annex A.2.

The UE feeds back to the UTRAN access point the information on which phase/power settings to use. Feedback
Signaling Message (FSM) bits are transmitted in the portion of FBI field of uplink DPCCH g ot(s) assigned to closed
loop mode transmit diversity, the FBI D field (see [1]). Each messageis of length Nw = Npo+Np, bitsand its format is
shown in the figure 4. The transmission order of bitsis from MSB to LSB, i.e. MSB istransmitted first. FSMp, and
FSMh subfields are used to transmit the power and phase settings, respectively.

MSB LSB

Figure 4: Format of feedback signalling message. FSM,, transmits the power setting and FSMy, the
phase setting

The adjustments are made by the UTRAN Access Point at the beginning of the downlink DPCCH pilot field. The
downlink dlot in which the adjustment isdoneis signalled to L1 of UE by higher layers. Two possibilities exist:

1) When feedback command is tranamitted in uplink slot i, which is tranamitted approximately 1024 chipsin offset
from the received downlink dot j, the adjustment is done at the beginning of the pilot field of the downlink slot
(j+1) mod 15.

2) When feedback command istransmitted in uplink ot i, which is tranamitted approximately 1024 chipsin offset
from the received downlink dot j, the adjustment is done at the beginning of the pilot field of the downlink slot
(j+2) mod 15.

Thus, adjustment timing at UTRAN Access Point is either according to 1) or 2) as controlled by the higher layers.

In case of soft handover, Layer 1 shall support different adjustment timing values for different radio linksin the same
active set.

The timing of the weight adjustment of the PDSCH is such that the PDSCH weight adjustment is done at the PDSCH
dot border, N chips after the adjustment of the associated DPCH, where 0 < N < 2560.
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Thetiming of the weight adjustment of the HS-PDSCH-and-the HS-SCCH is such that the HS-PDSCH-and-HS-SECH
weight adjustment is done at the HS-PDSCH-and-HS-SEEH dot border, respectively, M chips after the adjustment of
the associated DPCH, where 0 < M < 2560.

7.2 Closed loop mode 1

The UE uses the CPICH transmitted both from antenna 1 and antenna 2 to cal culate the phase adjustment to be applied
at UTRAN access point to maximise the UE received power. In each dot, UE calculates the optimum phase adjustment,

@ for antenna 2, which isthen quantized into ¢, having two possible values as follows:

_|m it ml2<@-¢(i)<3m/2 M
- 0, otherwise
where:
_ 0, i =0,2,4,6,8101214
@ (i) = o 2
/2, 1=135791113

If ¢=0, acommand 0’ is send to UTRAN using the FSMy, field. Correspondingly, if ¢, =1 command '1' issend to
UTRAN using the FSM;, field.

Dueto rotation of the constellation at UE the UTRAN interprets the received commands according to table 9 which
shows the mapping between phase adjustment, ¢, and received feedback command for each uplink dot.

Table 9: Phase adjustments, @, corresponding to feedback commands for the slots i of the UL radio
frame

Slot # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
FSM 0 W2 W2 W2 0 W2 W2 0 W2 0 2 0
1 LS -T2 1! -T2 T -T2 T -T2 T -Tv2 1 -T2 ! -T2 LS

o
o
o
o

The weight w; is then calculated by averaging thereceived phases over 2 consecutive dots. Algorithmicaly, w is
calculated asfollows:

Soosi@) Y sn@)

W, = ‘=“‘12 +j ‘=”‘12 ©)
where:
@ 0{0,77, it/ 2,-711 3 (4)
For antenna 1, wy is constant:
w, =1/+/2 ©)

7.2.1 Mode 1 end of frame adjustment

In closed loop mode 1 at frame borders the averaging operation is dightly modified. Upon reception of the FB
command for dot 0 of aframe, the averageis cal culated based on the command for dot 13 of the previous frame and
the command for dot O of the current frame, i.e. ¢ from dot 14 isnot used:

i1 . . i1 . .
W2 - COS( J3 )2+ COS(%) + J Sln( J3 )2+S|n(¢bj) (6)
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where:

@3—1 = phase adjustment from frame -1, slot 13.

- @ = phase adjustment from framej, dot 0.

7.2.2 Mode 1 normal initialisation

For thefirst frame of transmission UE determines the feedback commandsin anormal way and sends them to UTRAN.
Before the first FB command isreceived, the UTRAN shall use the initial weight W, = §(1+ 1)

Having received the first FB command the UTRAN calculates w, as follows:

W, = cos(n/2)2+ cos(¢) | j Sin(ﬂ/2)2+Sin(¢o) @

where:

@, = phase adjustment from slot 0 of the first frame.

7.2.3 Mode 1 operation during compressed mode

7.23.1 Downlink in compressed mode and uplink in normal mode

When downlink isin compressed mode but uplink is operating normally (i.e. not compressed) the UTRAN continues
it's Tx diversity related functionsin the same way as in non-compressed downlink mode.

In downlink transmission gaps there are uplink dots for which no new estimate of the phase adjustment is cal cul ated.
During these dots the following rules are applied in UE when determining the feedback command:

1) If nonew estimate of phase adjustment ¢ exists corresponding to the feedback command to be sent in uplink dot
i:

- Ifl<i<is

- thefeedback command sent in uplink dot i-2 isused;
- dseifi=0

- thefeedback command sent in uplink dlot 14 of previous frameis used;
- dseifi=1

- thefeedback command sent in uplink dlot 13 of previous frameis used;
- endif.

2) When tranamission in downlink is started again in downlink slot Njog+1 (if Njog+1 = 15, then dot 0 in the next
frame) the UE must resume calculating new estimates of the phase adjustment. The feedback command
corresponding to the first new estimate of ¢ must be sent in the uplink dot which istransmitted approximately
1024 chips in offset from the downlink ot Njog+1.

7.2.3.2 Both downlink and uplink in compressed mode

During the uplink transmission gapsno FB commands are sent from UE to UTRAN. When transmission in downlink is
started again in downlink slot Njg+1 (if Njog+1 = 15, then dot 0 in the next frame) the UE must resume cal culating new
estimates of the phase adjustment. The feedback command corresponding to the first new estimate of ¢ must be sent in
the uplink slot which istransmitted approximately 1024 chipsin offset from the downlink slot Njg+1.
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The UTRAN continues to update the weight ws, until the uplink transmission gap starts and no more FB commands are
received. When the transmission in downlink resumesin dot N¢+1, the value of ws, calculated after receiving the last
FB command before the start of the uplink transmission gap, is applied to antenna 2 signal.

After the UE resumes transmission in uplink and sends the first FB command, the new value of w; is calculated as
follows:

- $={0,246,8,10,1214}.
- $={1,35,79 11, 13}.
- i = number of uplink dot at which the transmission resumes.

- j =number of uplink dot a which the last FB command was sent before the start of the uplink transmission gap.
- Dowhile(idS and jUS)or(i00S,and jOS,):

- 0=

- ifj<0;

- calculatew; based on FB commands received in uplink dotsi and j.
Note that for N« = 13 the end of frame adjustment procedure shall be based on the FB commands for the last odd slot
prior to the uplink transmission gap and dot O.
7.2.3.3 Uplink in compressed mode and downlink in normal mode

The UTRAN continues to update the value of w, until the uplink transmission gap starts and no more FB commands are
received. Then, the value of w; calcul ated after receiving thelast FB command before the uplink transmission gap is
applied to the antenna 2 signal. When the UE resumes transmission in uplink, it shall send FB commands according to
section 7.2 equations 2 and 3 (normal operation) and the UTRAN Access Point shdl interpret the FB commands
according to Table 9.

The calculation of w, by the UTRAN following the uplink transmission gap, and before the first two FB commands
following the gap arereceived is not specified.

7.2.4 Mode 1 initialisation during compressed mode

7.24.1 Downlink in compressed mode

When closed loop mode 1 isinitialised during the downlink transmission gap of compressed mode there are dots for
which no estimate of the phase adjustment is cal culated and no previous feedback command is available.

In this casg, if the UE is required to send feedback in the uplink, the FB command to the UTRAN shall be*0’.
When transmission in downlink is started again in dot Njog+1 (if Njogt1 = 15, then dot 0 in the next frame), the
1 .
UTRAN shall usetheinitial weight W, = §(1+ ]) - The UE must start calculating estimates of the phase adjustment.

The feedback command corresponding to the first estimate of g must be sent in the uplink dot which istransmitted
approximately 1024 chipsin offset from the downlink slot Nj.¢+1. Having received this feedback command the
UTRAN calculates w;, as follows:
_cos(g) +coslg) . sin(g) +sin(g)
W, = 5 J 5 8)
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where:

@ = phase adjustment in uplink dot i , which istransmitted approximately 1024 chipsin offset from the downlink
dot Njast1.

o Zg,ifslotiiseven( i 0{0,2,4,6,8,10,12,14} ) and
@, =0,ifdotiisodd (i1 0{L 3,5 7,911,13} )

7.2.4.2 Uplink in compressed mode

Initialisation of closed loop mode 1 operation during uplink compressed mode only is not specified.
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8.6.6.24 Tx Diversity Mode
If thelE "Tx Diversity Mode" isincluded the UE shall:
1> if the value of the IE "Tx Diversity Mode" is STTD:

2> configure the Layer 1 to usethe Tx diversity mode indicated in the IE "Tx Diversity Mode" for theradio
links for which the IE "Closed loop timing adjustment mode” isincluded, ignoring the actual value of 1E
"Closed loop timing adjustment mode'”.

1> if the value of the IE "Tx Diversity Mode" is closed loop mode 1 or closed loop mode 2:

2> configure the Layer 1 to usethe Tx diversity mode indicated in the IE "Tx Diversity Mode" for theradio
links for which the IE "Closed loop timing adjustment mode” isincluded, using the actual value of the IE
"Closed loop timing adjustment mode'”.

1> if the value of the IE "Tx Diversity Mode" is"none":
2> configure the Layer 1 not to use Tx diversity for al radio links in the active set.
If thelE "Tx Diversity Mode" is not included, the UE shall:
1> continueto use the already configured Tx diversity mode;
1> in case no Tx diversity mode has been configured:
2> do not apply Tx diversity.
For HS-SCCH, the UE shall:

1> if the DPCH associated with a HS-SCCH is using either open or closed |oop transmit diversity on the radio link
trangmitted from the HS-DSCH serving cdll:

2> use STTD for thisHS-SCCH;

1> otherwise

2> not use Tx diversity for this HS-SCCH.
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