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9 Usage of Synchronisation Counters and Parameters
to support Transport Channel and Radio Interface
Synchronisation

9.1 General

This section describes how the different synchronisation parameters and counters are computed and used in order to
obtain Transport Channel (L2) and Radio Interface (L1) Synchronisation.

The parameters that need to be determined by the UE are CFN, OFF [ FDD — and Tm]-(FDBD-enhy.

The parameters that need to be determined by the UTRAN are [ FDD — DOFF]{(FBB-enhy, Frame Offset and [ FDD —
Chip Offset]{FDDB-enhy).

Figure 21 summarises how these parameters are computed. A detailed description of the actionsin each stateis givenin
the following-sub-sections 9.2 — 9.4, while some examples of corrections applied to synchronisation counters during UE
state transitions are shown in section 9.5.
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Common CH State

| CFN = SFN mod 256 | UTRAN | Frame offse =0

Ded cated CH State (1 RL)

UE [FDD] CFN = ((SAN*38400 -DOFF*512) div 38400) mod 256
[TDD] CFN= SN mod 256
DORF (*)
UTRAN | [FDD] DOFF generated by SRNC
Frame Offset*38400 +ChipOffset = DOFF*512
( [TDD] FrameOffset =0
FDD dnly
( [FDD] Dedicated CH State (severd RL's) W
[ UE CFN = ((SAN* 38400 - DOFF*512) div 38400) mod 256 —

OFF = (SFN=CFNymod 256
UTRAN | DOFF generated by SRNC

Frame Offset*38400 +ChipOffset = DOFF*512 + OFF* 38400 + Tm |

FDD only
Dedi cated CH State (additiona RL or UE moves to another cell)
UE [FDD] OFFaget + TMtagee= (S-Naget -CFN) mod 256
[TDD] OFRage = (SFNage -CFN) mod 256 1
aga

UTRAN | [FDD] FrameOffset*38400 +ChipOffset = OFFage *38400+ Tm T

[TDD] FrameOffset =OFFrage

(*) only inFDD The equations of the form ‘Frame Offset*38400 +ChipOffset’ give Frame Offset and Chip Offset
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Common CH State
UE CFN = SFN mod 256 UTRAN | CFN = SFN mod 256

Frame offset =0

Dedicated CH State (1 RL)

UE [FDD] CFN = ((SFN*38400 - DOFF*512) div 38400) mod 256
[TDD] CFN = SFN mod 256
DOFF (*)
UTRAN | [FDD] DOFF generated by SRNC
Frame Offset * 38400 + Chip Offset = DOFF*512 [0 Frame Offset, Chip Offset
[TDD] FrameOffset=0
FDD dhly

[FDD] Dedicated CH Sate (several RL’S)
UE CFN = ((SFN;* 38400 - DOFF*512) div 38400) mod 256 j: reference cell
OFF + Tmy = (SFN, - CFN) mod 256 ' OFF, Tm k: all other cells b
FFe
UTRAN | DOFF generated by SRNC Tmi
Frame Off set* 38400+Chip Offset,=DOFF* 512+OFF,*38400+Tm,[] Frame Offset,, Chip Offsety
l FDD only

Dedicated CH Sate (additional RL or UE movesto another cell)

UE [FDD] OFFRage + TMitage = (SFNtage - CFN) mod 256 [0 OFFtage , T Mtage

[TDD] OFFage = (SFNage -CFN) mod 256
OFFiage
*
UTRAN | [FDD] Frame Offset tgs* 38400+Chip Off et ae=D OFF* 512+OFF taga* 38400+TM g [ Frame & Chip Off. Tm o (*)

[TDD] Frame Offset tage = OFF tage

LT A

(*) only in FDD

Figure 21: Calculations performed by UE and UTRAN

Figure 22 describes what offset parameters are signalled and used in the different nodes at Initial RL setup and at
Handover (HO) in FDD. The rounding to closest 256 chip boundary is donein Node B. The rounded Frame Offset and
Chip Offset control the DL DPCH air-interface timing. The 256 chip boundary isto maintain DL orthogonality in the
cell (the rounding to the closest 256 chip boundary is done in Node B to facilitate the initial UL chip synchronisation
processin Node B).
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UE Node B Node B SRNC
Source cell Target cell
DOFF
. (RRC)
Al Frame_offset + Chip_offset
initial — —
RL D'-(BE)CH - (NBAP)
(R Y=y fE R —
DL DPCHnom
I IV 2 St L O
DL SFN
. fimingreference(Uu) | ...
At Timing difference
HO ="OFF+T," (RRC) o
DL DPCH _Frame_offset + Chip_offset
(Uu) 7 4\\ (NBAP)
e BEE e e e e \- - ’J
Node B rounds Frame_offset +
Chip_offset to closest 256 chip boundary,
which controlsthe DL DPCH air-interface
i === e
Air-interface channel timing Signds over acertain protocol
(Uuand Uurelaed in UE) (NBAP or RRC in this case)
UE Node B Node B SRNC
Source cell Target cell
DOFF
B (RRC)
At - _
initial DL DPCH Frame Offset + Chip Offset
RL o) - (NBAP)
g
DL DPCHipom
[ oo TTuencTTO(UE)
DL SFN
_timingreference(Uu) | ____________|
At OFFargert TMiarget
HO (RRC) o
DL DPCH F/:":lme Offsettarget + Chip Offsettar;et
(L) g (NBAP)
e et e B e T (& ]
L _/\
Node B rounds Frame Offset + Chip Offset
to closest 256 chip boundary, which
controlsthe DL DPCH air-interfacetiming
- - - - - - —y—————
Air-interface channel timing Signals over acertain protocol
(Uu and Uu related in UE) (NBAP or RRC in this case)

Figure 22: [FDD}-_- Usage of Offset values at initial RL and at HO]

Figure 23 describes what offset parameters are signalled and used in the different nodes at Initial RL setup and at
Handover (HO) in TDD.

3GPP



3G TS 25.402V 3.1.0 31

UE Node B Node B SRNC
Source cell Target cell
At
A F offset
initia DL DPCH " NBAP)
Dt IS (°11) N -
DL SFN
..liming reference (Uu) ___J
DL SFN
limingreference(Uu) ___________________
At Timing difference =" OFF”
HO (RRC) .
DL DPCH Frame_offset
(Uu) (NBAP)
Node B controls the DL DPCH air-interface timing
-l = mmmmm——— —
Air-interface channel timing Signals over acertain protocol
(Uuand Uurelated in UE) (NBAP or RRC inthis case)
UE Node B Node B SRNC
Source cell Target cell
At
initial DL DPCH Framnggsa
RL ) - (NBAP)
I
DL SFN
[ | timing reference (Uu) ___|
DL SFN
_timing reference (Uu) ___ | ____________]
At OFF (3 get
HO (RRC) o
DL DPCH 1. Frame Offsetta,get
(Uu) / :\ (NBAP)
e e e T T (& !
\ A
Node B controls the DL DPCH air-interface timing
- - - - - - - —-—————
Air-interface channel timing Signals over acertain protocol
(Uu and Uu related in UE) (NBAP or RRC in this case)

Figure 23: [TDD}- Usage of Offset values at initial RL and at HO]

9.2 Calculations performed in the UTRAN
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921 UE in CELL FACH/PCH common-channelstate or CELL DCH state
with only stand-alone shared channels.

In CELL_FACH/PCH ecommen-channel-state (UE-on-RACH/FACH)-or CELL DCH state with only stand-alone shared
channels the Frame Offset is set to 0.

9.2.2 UE changes state-from CELL_FACH/PCH eemmen-CH-state to
CELL DCH dedicated-CH-state: 1 RL

1a[FDD;- -bBased on the received parameters from the UE and the DOFF value generated in the SRNC, the SRNC
calculates the Frame Offset and the Chip Offset from formula (9.1).

Frame Offset* 38400 +Chip Offset = DOFF*512 (9.1)

Frame Offset and Chip Offset are then signalled to the Node B controlling the serving cell.]

TDD- In FBB-this case Frame Offset = 0.

Frame Offset is then signalled to the Node B controlling the serving cell.]

9.2.3 [FDD - UE changes state-from CELL _FACH/PCH eemmeon-CH-state
to CELL_DCH dedicated-CH-state: several RL's]-{FDB-enly)

Based on the received parameters from the UE for each cell, (OFF, and Tm,) and the DOFF value generated in the
SRNC, the SRNC calculates the Frame Offset, and the Chip Offset,. The Frame Offset, and the Chip Offset, are

calculated from thefolewing formula (9.2).:
Frame Offset,* 38400 + Chip Offset, = DOFF*512 + OFF,* 38400 + Tmy (9.2)

NOTE: thatformula(9.23) is covering formula (9.1) since in the case Adescribed in section 9.2.2, OFF, and Tmy
are both egual to zero.

Each Frame Offset, and Chip Offset, are then signalled to the Node B controlling the cell,.

9.24 UE in CELL_DCH dedicated-CH-state request to add a new RL or
moves to another cell

[ FDD;—-bBased on the received parameters from the UE, the SRNC cal cul ates the Frame Off Sty and the Chip
Offsetiage With thefellowing-formula: (9.3).

Frame OffSetiy ge* 38400 + Chip OffSet 15 g™ OFFigge* 38400 + Ty g (9.3)

Frame Off setiaqe and Chip Offsetiaqe are then signalled to the Node B controlling the target cell.]

TDD - In ¥BB-this case Frame Off setiaget = OFFiarget-

It is signalled to the Node B controlling the target cell.]

9.2.5 Handover from other RAN to UMTS

[ FDD;-- bBased on the definitions for OFF and Tm formula (9.1) can also be used when the UE enters the UTRAN
from another CN and establishes 1-one dedicated RL. The same s true for formula (9.2) when establishing 1-one or
more dedicated RL's.]

- [TDD - wWhen the UE enters the UTRAN from another CN and establishes 2-one dedicated RL, OFF is 0. ]
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9.3 9.3-Calculations performed in the UE

This chapter describes which synchronisation parameters are computed and how the CFN isinitialised in the UE in case
of CELL FACH/PCH state and CELL DCH state.

9.3.1a UE in CELL FACH/PCH state or CELL DCH state with only stand-
alone shared channels.

In CELL_FACH/PCH state or CELL_DCH state with only stand-alone shared channels the Frame Offset isset to 0, i.e.
the CEN isinitialised with the values CFN = SFN for PCH and CFN = SFN mod 256 for all other common and shared
channels. The CEN for all common and shared channelsin the CRNC isincreased (mod 256) by 1 every frame, except
PCH, which CFN has the same range of the SFN.

9.3.1 UE changes from CELL FACH/PCH state to CELL DCH state: 1
RLFistRE

- [FDD;- bBased on the received DOFF and the SFN of the cell in which the UE is source, the UE can ealeulate
initialise the CFN with the value given by fellewing-formula (9.4):

CFN = ((SFN*38400 - DOFF*512) div 38400) mod 256 (9.4)]

[ TDD - the The CFN isinitialised with the value given by formula (9.5).:

CFN = SFN mod 256 (9.5)]

After theinitialisation, the CEN in the UE isincreased (mod 256) by 1 every frame.

9.3.1b [FDD - UE changes from CELL FACH/PCH to CELL DCH state:
several RL's]

Based on the received DOFF and the SFN; of the reference cell, the UE initialises the CFN with the value given by
formula (9.6)

CEN = ((SEN;*38400 - DOFF*512) div 38400) mod 256 (9.6)

After theinitialisation, the CFEN in the UE isincreased (mod 256) by 1 every frame.

The UE reports to the SRNC the parameters OFF, and Tm, for each cell, measured respect to the reference cell;
determined by means of formula (9.7)

OFF, + Tm,= (SFN, - CFN) mod 256 (9.7)

9.3.2 UE in CELL DCH state request to add a new RL or moves to
another cellAdditional RL's-or UE-moves-into-a-new-cell

Nno special correctlons to CEN are needed when mOVI ng from one cell to theanother

However every time the UE enters anew cell (target cell), OFFaqe mMight have to be reported.
+A[FDD - TMiage is aways reported. The target cell OFF 4« iS calculated using the-fellowing-formula (9.8):
OFFiarget + TMiarger= (SFNiarge - CFN) mod 256 (9.68)

NOTE: OFFq is calculated as the integer number of frames, Tmyage iS the Fframe fractional part with the unit
chi psl
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+A[TDD - tThe target cell OFFq is calculated using thefeltowing-formula (9.9):
OFFiarget = (SFNarger -CFN) mod 256 (9.79)]

9.4 Synchronisation of L1 configuration changes

When a synchronised L1 configuration change shall be made, the SRNC commands the related Node B's to prepare for
the change. When preparations are completed and SRNC informed, serving RNC decides appropriate change time.
SRNC tellsthe CFN for the change by a suitable RRC message. The Node B's are informed the CFN by RNSAP and
NBAP Synchronised Radio Link Reconfiguration procedures.

At indicated switch time UE and Node B's change the L1 configuration.

9.5 Examples of synchronisation counters during state transitions

The example of Figure 24 shows the corrections applied to UTRAN synchronisation counters during multiple
transitions from CELL FACH/PCH state to CELL DCH state before and after handover, without SRNS rel ocation.
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SRNC | | RNC

CELL_FACH/PCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

CFN = SFN 3. mod 256
UE

SRNC | | RNC

CELL_DCH state

NodeB11 Node B12 Node B13 Node B21 Node B22 Node B23

[FDD] CFN = ((SFN3:* 38400 - DOFF*512) div 38400)mod 256

[TDD] CFNg = SFN3mod 256 UE
SRNC | | DRNC
CELL_DCH state

after handover
NodeB11 Node B12 Node B13 Node B21 Node B22 Node B23

No correction to CFN UE

SRNC | | DRNC

CELL_FACH/PCH state

NodeB11 Node B12 Node B13 Node B21 Node B22 Node B23

CFN = SFN;;.mod 256 UE

SRNC | | DRNC

CELL_DCH state

Node B11 || Node B12 || Node B13 | | Node B21 || Node B22 || Node B23

[FDD] CFN = ((SFN;.* 38400 - DOFF*512) div 38400)mod 256
[TDD] CFN = SFN,,mod 256 UE

SFN,y« : SFN of the cell k belonging to the Node Bxy

Figure 24: Example 1

The example of Figure 25 shows the corrections applied to UTRAN synchronisation during multiple transitions from
CELL_FACH/PCH stateto CELL DCH state after cell reselection, without SRNC relocation.
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SRNC | | RNC

CELL_FACH/PCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

UE

CFN = SFN 3. mod 256

SRNC | | CRNC

CELL_FACH/PCH

state after cell
Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

reselection
CFN = SFNy,mod 256 UE

SRNC | | DRNC

CELL_DCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

[FDD] CFN = ((SFN;.* 38400 - DOFF*512) div 38400) mod 256
[TDD] CFN = SFN,i,mod 256 UE

SRNC | | DRNC

CELL_FACH/PCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

UE

CFN = SFN,;,mod 256

SFN,y« : SFN of the cell k belonging to the Node Bxy

Figure 25: Example 2

The example of Figure 26 shows the corrections applied to UTRAN synchronisation counters during multiple
transitions from CELL FACH/PCH stateto CELL DCH state before and after handover and SRNS rel ocation (without

UE involvement).
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SRNC | | RNC

CELL_FACH/PCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

CFN¢ = SFN 3. mod 256

UE

SRNC | | RNC

CELL_DCH state

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

[FDD] CFNs = ((SFN155* 38400 - DOFF*512) div 38400) mod 256
[TDD] CFNg = SFN15 mod 256 UE

SRNC | | DRNC

CELL_DCH state

after handover
Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

No correction to CFNg UE

RNC | | SRNC

CELL_DCH state
after SRNS relocation

Node B11 Node B12 Node B13 Node B21 Node B22 Node B23

No correction to CFNg UE

RNC | | SRNC

CELL_FACH/PCH state

Node B11 || Node B12 || Node B13 | | Node B21 || Node B22 || Node B23

CFN¢ = SFN.mod 256 UE

SFN,y : SFN of the cell k belonging to the Node Bxy

Figure 26: Example 3
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