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6.1.2 Inter Node B Node Synchronisation

In the FDD mode Inter Node B Node Synchronisation could be reached via the RNC-Node
B Node Synchronisation in order to determine inter Node B timing reference relations.

This could be used to determine Inter-cell relationships (considering T_cell) which can be
used in the neighbour cell listsin order to speed up and ssimplify cell search done by UE at
handover.

In TDD Inter Node B Node Synchronisation is used to achieve a common timing reference
among Node B's (see Figure 5), that allows to support Intercell Synchronisation.
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Figure 1: Synchronisation of BFNs through TDD Inter Node B Synchronisation

In TDD Inter Node B Node Synchronisation may be achieved via a standardised
synchronisation port (see subclause 6.1.2.1) that allows to synchronise the Node B to an
externa reference.

6.1.2.1 TDD Node B Synchronisation Ports

This subclause defines the Node B input and an output synchronisation ports that can be
used for Inter Node B Node Synchronisation. These synchronisation ports are optional.

The input synchronisation port (SYNC IN) alows the Node B to be synchronised to an
external reference (e.g. GPS), while the output synchronisation port (SYNC OUT) allows
the Node B to synchronise directly another Node B (see Figure 6).
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Figure 6: Usage of Synchronisation Ports

This allows connecting Node B's in adaisy chain configuration, so that a single external
reference is enough and all remaining nodes B can be synchronised (e.g. in case of indoor
operation).

The Node B starts the synchronisation to the external reference when avalid input
synchronisation signal is detected at the input synchronisation port.

If avalid synchronisation signal is detected, the Node B regenerates that signal at its output
synchronisation port.

The electrical characteristics of the synchronisation ports shall conform to RS422 [6]
(output synchronisation port: subclause 4.1; input synchronisation port: subclause 4.2).

The synchronisation signal (illustrated in Figure 7) isa 100 Hz signal having positive
pulses of width between 5 ps and 1 ms, except when SFN mod 256 = 0 (every 256th
pulse), which has a pulse width between 2 msand 5 ms. This signal establishesthe 10 ms
frame interval and the 2.56 s multiframe interval. The start of all framesin the cell of the
node B is defined by the falling edge of the pulse. The required accuracy for the phase
difference between the start of the 10ms frame interval and-thefalting-edge-ef-the
syhehronisation-putsesis defined in [15]._The time delay from the falling edge of the signal
at the SYNC IN port to the start of the transmitted radio frame shall not exceed 500ns.

The start of the 256 frame period is defined by the falling edge of the pulse corresponding
to the frames where SFN mod 256 =0 (i.e. of width between 2 msand 5 ms).

The synchronisation signal at the input port shall have frequency accuracy better than the
one of the Node B.

The relative phase difference of the synchronisation signals at the input port of any Node B
in the synchronised area shall not exceed 2.5 ps.
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Figure 7: Synchronisation signal

Synchronisation by a GPSreceiver

The signal transmitted by a Global Positioning System (GPS) satellite indicates the GPS
time that provides an absolute time reference. This makes the GPS receiver suitable for
Inter Node B Node Synchronisation.

Inter Node B Node Synchronisation is achieved by relating the synchronisation signal (at
the input synchronisation port to the GPS signal. Since the period of thissignal is2.56 s,
thisimpliesthat every 6400 frames the start of a 256 frame period coincides with an integer
GPS second, i.e. amultiframe shall start when GPS time mod 64 = 0.
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[12] 3GPP TS 25.223: " Spreading and modulation (TDD)".
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Synchronisation Digital Hierarchy (SDH) equipment”.

[23] EN 300 462-7-1 (04/01): “Timing characteristics of slave clocks suitable for synchronisation
supply to equipment in local node applications’.
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[24] 3GPP TS 25.105: "UTRA (BS) TDD; Radio transmission and Reception".

3.1 Definitions

Networ k Synchronisation: a generic concept that depicts the way of distributing a common frequency to al elements
in anetwork.

Reference Timing Signal: atiming signal of specified performance that can be used as atiming source for aslave
clock.

Holdover mode: an operating condition of a clock which has lost its controlling reference input and is using stored
data, acquired while in locked operation (that is while controlled by an external input reference), to control its output.
The stored data are used to control phase and frequency variations, allowing the locked condition to be reproduced
within specifications.

4.1 General
This clause identifies the different UTRAN synchronisation issues, i.e.:
- Network Synchronisation;
- Node Synchronization;
- Transport Channel Synchronisation;
- Radio Interface Synchronisation;
- Time Alignment Handling.

The Nodes involved by the above mentioned synchronisation issues (with the exception of Network and Node
Synchronisation) are shown by the Synchronisation Issues Model of Figure 1.
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Figure 1: Synchronisation Issues Model

The UTRAN solutions for most of the identified items are described in clauses 6-10. Additional information on
UTRAN synchronisation issues and the detailed specification of UTRAN solutions can be found in the following
Technical Specifications:

- Summary of UTRAN Synchronisation Issues:

3GPP
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TS 25.401 "UTRAN Overall Description”, clause 9.

Network Synchronisation:
TS25.411 "UTRAN lu Interface Layer 1", subclause 4.2.

TS 25.104 “UTRA (BS) FDD; Radio transmission and reception”, subclause 6.3.

TS 25.105 “UTRA (BS) TDD, Radio transmission and reception”, subclause 6.3.

- RNC-Node B Node Synchronisation:
TS 25.427 "lub/lur Interface User Plane Protocol for DCH Data Streams”, subclause 85.5;

TS 25.435 "UTRAN lub Interface User Plane Protocols for COMMON TRANSPORT CHANNEL Data
Streams", subclause 5.2.

- Transport Channel Synchronisation:
TS 25.427 "lub/lur Interface User Plane Protocol for DCH Data Streams”, subclauses 85.2 — 85.3;

TS 25.435 "UTRAN lub Interface User Plane Protocols for COMMON TRANSPORT CHANNEL Data
Streams”, subclauses 5.3 — 5.4.

- Time Alignment Handling:

TS 25.415"UTRAN lu Interface User Plane Protocols', subclauses 6.5.4.

4.2 Network Synchronisation

Network Synchronisation relates to the distribution of synchronisation references to the UTRAN Nodes and the stability
of the clocksin the UTRAN (and performance requirements on UTRAN internal interfaces).

The distribution of an accurate frequency reference to the network elementsin the UTRAN isrelated to several aspects.
One main issue is the possibility to provide a synchronisation reference with a frequency accuracy better than 0.05 ppm
at the Node B in order to properly generate signals on the radio interface (see references [10] and [24]).

A general recommendation is to supply atraceable synchronisation reference according to reference [18].

The clock to be implemented in UTRAN Nodes shall be chosen with characteristics that depends on the L1 adopted (see
reference [8] and [9]) and on the Network Synchronisation strateqy adopted. Already standardized clocks may be used
(see references [19], [20], [21], [22] and [23]).

For example in order to support STM-N interfaces at the RNC, the ITU-T G.813 (see reference [19]) may be sufficient.
The implementation in the UTRAN of a better performing clock (in terms of holdover) may be recommended for
distribution of a0.05 ppm during failures in the synchronisation network (EN 300 462-7-1, see reference [23], EN 300
462-4-1, seereference [21], or ITU-T G.812 type 1, type 2 or type 3, see reference [19]).

6.1.1 RNC-Node B Node Synchronisation

The Node Synchronisation between RNC and Node B can be used to find out the timing reference differences between
the UTRAN nodes (RFN in RNC and BFN in Node B). The use is mainly for determining good DL and UL offset
values for transport channel synchronisation between RNC and their Node B's. Knowledge of timing relationships
between these nodes is based on a measurement procedure called RNC-Node B Node Synchronisation Procedure. The
procedure is defined in the user plane protocols for lub (DCH, DSCH, and FACH/PCH) and lur (DCH).

When the procedure is used from SRNC over the DCH user plang, it allows finding out the actual round-trip-delay a
certain service has (as the Node Sync Control Frames are transferred the same way as the DCH frames).

3GPP
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The procedure may also be carried out over a high priority transport bearer (beneficial when used between CRNC and
Node Bs for the RNC-Node B Synchronisation purpose). M easurements of node offsets can be made at start or restart
as well as during normal operation to supervise the stability of the nodes.

If an accurate Reference Timing Signal is used, the frequency deviation between nodes will be low, but could occur. |f

no accurate Reference Timing Signal is available, the local node reference oscillator must be relied upon. Then the
RNC-Node B Node Synchronisation procedure can be used as a background process to find out the frequency deviation
between nodes.

In the RNC-Node B Node Synchronisation procedure, the RNC sends a DL Node Synchronisation control frame to
Node B containing the parameter t1. Upon reception of a DL Synchronisation control frame, the Node B shall respond
with UL Synchronisation Control Frame, indicating t2 and t3, as well ast1 which was indicated in the initiating DL
Node Synchronisation control frame (see Figure 3).

These tw%ths (t2-t1 + t4-t3) give together the Round Trip Delay (RTD)
a N
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Figure 2: RNC-Node B Node Synchronisation
In case of macrodiversity with recombining in the DRNC, the DL Node Synchronisation control frameis duplicated in

the DRNC on the different links, while the UL Node Synchronisation control frames received from all the Node B’'s are
forwarded transparently to the SRNC (see Figure 4).
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Figure 3: [FDD - RNC-Node B Node Synchronisation during soft handover with selection/recombining
in the DRNC]

8.2.1 General

FDD Radio Interface Synchronisation assures that UE gets the correct frames when received from several cells. The UE
measures the Timing difference between its DPCH and SFN in the target cell when doing handover and reportsit to
SRNC. SRNC sends this Time difference value in two parameters Frame Offset and Chip Offset over lub to Node B.
Node B rounds this value to the closest 256 chip boundary in order to get DL orthogonality (regardless of used
spreading factor). The rounded value is used in Node B for the DL DPCH.

DOFFpp is selected by the SRNC considering the interleaving period (e.g. 10, 20, 40 or 80ms) when entering in
dedicated state from common channel state.

Services are scheduled by using DOFFpp, in order to average out the lub traffic load and the Node B processing load.
DOFFepp (FDD Default DPCH Offset value) is only used when setting up the first RL in order to initialise Frame
Offset and Chip Offset and to tell UE when frames are expected.

UE usesthe UL DPCH asit is a more defined time instant compared with DL DPCH.
The handover reference isthe time instant Tygery -To, which is called DL DPCH,,, in the timing diagram.

Tear is used to skew cellsin the same Node B in order to not get colliding SCH bursts, one SCH burst is 1/10 of adot
time.

The timing diagram in Figure 15 shows an example with two cells connected to one UE where handover is done from
source cell (Cell 1) to target cell (Cell 2).
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Figure 15: FDD Radio Interface Synchronisation timing diagram

SFN; isfound in Cell 1 at Node B, and SFN, at Cell 2 and Node B,. SFN; issent T_cell; after the Node B, reference
BFN;. CFN isthe frame numbering that is related to each DL and UL Dedicated Physical Channel (DPCH). UL DPCH
is sent from UE to both Cells (both Node B's in this example). UL DPCH at Node B, is shown to indicate the difference
to the DL DPCH, at Node B,.

The new RL (DL DPCH,) which is setup at the HO will face some deviation from nominal position due to the rounding
of Frame Offset and Chip Offset to 256 chip boundary in Node B. Also-TFime-dispersion-Node B-UEfrequeney-drift
and-UE-movement-affects this phase- deviation. Time dispersion and UE movements are examples of other factors

affecting this phase deviation.

The nominal DL DPCH timing at UE is T, before the Tyerx time instant, which could be expressed:

DL DPCHnom = TUI:_TX 'TO

(8.1)

In UE dedicated state, OFF and Tm are measured at UE according to the following equation:
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OFF + Tm = (SFNzrge ~DL DPCHpom) mod 256 frames [chips] (8.2
NOTE: OFF hasthe unit Frames and Tm the unit Chips.

Example: assume that OFF + T, equals " 3.3300" frames (as given as an example in Figure 19).
Then OFF =3 and T,, = "0.33" which correspondsto T, = 12672 chips.

In other words (referring to the timing diagram in Figure 19):

- How to determine T, at UE: Select atime instant 1) where frame N starts at DL SFN, e.g. frame number 3, the
time from that time instant to the next frame border of DL DPCH,o, 2) equals T,
(if these are in phase with each other, T, is zero).

- How to determine OFF: The difference between the frame number selected for time instant 1) and the frame
number starting at instant 2) mod 256 frames equals OFF.
Example: (3 -0) mod 256 = 3, another exampleis (1 —254) mod 256 = 3.
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2 References

The following documents contain provisions which, through reference in thistext, congtitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.

» For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TS 25.401: "UTRAN Overall Description”.

[2] 3GPP TS 25.423: "UTRAN I, Interface RNSAP Signalling”.

[3] 3GPP TS 25.433: "UTRAN I, Interface NBAP Signalling".

[4] 3GPP TS 25.435: "UTRAN I, Interface User Plane Protocols for COMMON TRANSPORT
CHANNEL Data Streams".

[5] 3GPP TS 25.427: "1 /1, Interface User Plane Protocol for DCH Data Streams".

[6] ElA 422-A-78: "Electrical characteristics of balanced voltage digital interface circuits'.

[7 3GPP TS 25.411: "UTRAN lu Interface Layer 1".

[8] 3GPP TS 25.421: "UTRAN lur Interface Layer 1".

[9 3GPP TS 25.431: "UTRAN lub Interface Layer 1".

[10] 3GPP TS 25.104: "UTRA (BS) FDD; Radio transmission and Reception".

[171] 3GPP TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)".

[12] 3GPP TS 25.223: " Spreading and modulation (TDD)".

[13] 3GPP TS 25.215: "Physical layer - Measurements (FDD)".

[14] 3GPP TS 25.225: " Physical layer - Measurements (TDD)".

[15] 3GPP TS 25.123: "Requirements for Support of Radio Resource Management”.

[16] 3GPP TS 25.224: "Physical Layer Procedures (TDD)".

[17] 3GPP TS 25.1105:; "UTRA (BS) TDD, Radio transmission and Reception"”.

[18] ITU-T G.811 (02/97): “Timing Characteristics of Primary Reference Clocks’

[19] ITU-T G.812 (09/97): “Timing Requirements of Slave Clocks suitable for use as Node Clocks in
Synchronisation Network”

[20] ITU-T G.813 (08/96): “Timing Characteristics of SDH equipment slave clocks (SEC)”

[21] EN 300 462-4-1(03/98): “ Timing characteristics of dave clocks suitable for synchronisation

supply to Synchronisation Digital Hierarchy (SDH) and Plesiochronous Digital Hierarchy”

[22] EN 300 462-5-1 (09/96):“ Timing characteristics of slave clocks suitable for operation in
Synchronisation Digital Hierarchy (SDH) equipment”.

[23] EN 300 462-7-1 (04/01): “Timing characteristics of slave clocks suitable for synchronisation
supply to equipment in local node applications’.
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[24] 3GPP TS 25.105: "UTRA (BS) TDD; Radio transmission and Reception".

3.1 Definitions

Networ k Synchronisation: a generic concept that depicts the way of distributing a common frequency to al elements
in anetwork.

Reference Timing Signal: atiming signal of specified performance that can be used as atiming source for aslave
clock.

Holdover mode: an operating condition of a clock which has lost its controlling reference input and is using stored
data, acquired while in locked operation (that is while controlled by an external input reference), to control its output.
The stored data are used to control phase and frequency variations, allowing the locked condition to be reproduced
within specifications.

4.1 General
This clause identifies the different UTRAN synchronisation issues, i.e.:
- Network Synchronisation;
- Node Synchronization;
- Transport Channel Synchronisation;
- Radio Interface Synchronisation;
- Time Alignment Handling.

The Nodes involved by the above mentioned synchronisation issues (with the exception of Network and Node
Synchronisation) are shown by the Synchronisation Issues Model of Figure 1.

e e e e e e e e ey e e ey ey e e g .
i i
! V ocoder i
_____________________________ e !
Time : CN
Alignment By OO NSO
Handling R - ﬁ i
b RNS i !
_______________________________________ .| RNC ! RNC :
i ! !
! ; i
Transport !E i ]
Channel E; N !
Synchronisation ;; i !
.- 1 1
!E Node Node Node | ; Node Node i
__________________________ . !
¥ B B oo0o B ; B o000 B i
i : - T ! —T !
Radio ¥ i UTRAN |
Interface : 1 i Tl !
Synchronisation t~ =~ 2o [J'Ds_lir]]_CCel.l_._..'_._._:,_._._._.'.;.,,.' ______________ _

UE ’ UE Optional TDD only input &

...................................................... 1 2 output sync ports

Figure 1: Synchronisation Issues Model

The UTRAN solutions for most of the identified items are described in clauses 6-10. Additional information on
UTRAN synchronisation issues and the detailed specification of UTRAN solutions can be found in the following
Technical Specifications:

- Summary of UTRAN Synchronisation Issues:
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TS 25.401 "UTRAN Overall Description”, clause 9.

Network Synchronisation:
TS25.411 "UTRAN lu Interface Layer 1", subclause 4.2.

TS 25.104 “UTRA (BS) FDD; Radio transmission and reception”, subclause 6.3.

TS 25.105 “UTRA (BS) TDD, Radio transmission and reception”, subclause 6.3.

- RNC-Node B Node Synchronisation:
TS 25.427 "lub/lur Interface User Plane Protocol for DCH Data Streams”, subclause 85.5;

TS 25.435 "UTRAN lub Interface User Plane Protocols for COMMON TRANSPORT CHANNEL Data
Streams", subclause 5.2.

- Transport Channel Synchronisation:
TS 25.427 "lub/lur Interface User Plane Protocol for DCH Data Streams”, subclauses 85.2 — 85.3;

TS 25.435 "UTRAN lub Interface User Plane Protocols for COMMON TRANSPORT CHANNEL Data
Streams”, subclauses 5.3 — 5.4.

- Time Alignment Handling:

TS 25.415"UTRAN lu Interface User Plane Protocols', subclauses 6.5.4.

4.2 Network Synchronisation

Network Synchronisation relates to the distribution of synchronisation references to the UTRAN Nodes and the stability
of the clocksin the UTRAN (and performance requirements on UTRAN internal interfaces).

The distribution of an accurate frequency reference to the network elementsin the UTRAN isrelated to several aspects.
One main issue is the possibility to provide a synchronisation reference with a frequency accuracy better than 0.05 ppm
at the Node B in order to properly generate signals on the radio interface (see references [10] and [24]).

A general recommendation is to supply atraceable synchronisation reference according to reference [18].

The clock to be implemented in UTRAN Nodes shall be chosen with characteristics that depends on the L1 adopted (see
reference [8] and [9]) and on the Network Synchronisation strateqy adopted. Already standardized clocks may be used
(see references [19], [20], [21], [22] and [23]).

For example in order to support STM-N interfaces at the RNC, the ITU-T G.813 (see reference [19]) may be sufficient.
The implementation in the UTRAN of a better performing clock (in terms of holdover) may be recommended for
distribution of a0.05 ppm during failures in the synchronisation network (EN 300 462-7-1, see reference [23], EN 300
462-4-1, seereference [21], or ITU-T G.812 type 1, type 2 or type 3, see reference [19]).

6.1.1 RNC-Node B Node Synchronisation

The Node Synchronisation between RNC and Node B can be used to find out the timing reference differences between
the UTRAN nodes (RFN in RNC and BFN in Node B). The use is mainly for determining good DL and UL offset
values for transport channel synchronisation between RNC and their Node B's. Knowledge of timing relationships
between these nodes is based on a measurement procedure called RNC-Node B Node Synchronisation Procedure. The
procedure is defined in the user plane protocols for lub (DCH, DSCH, and FACH/PCH) and lur (DCH).

When the procedure is used from SRNC over the DCH user plang, it allows finding out the actual round-trip-delay a
certain service has (as the Node Sync Control Frames are transferred the same way as the DCH frames).
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The procedure may also be carried out over a high priority transport bearer (beneficial when used between CRNC and
Node Bs for the RNC-Node B Synchronisation purpose). M easurements of node offsets can be made at start or restart
as well as during normal operation to supervise the stability of the nodes.

If an accurate Reference Timing Signal is used, the frequency deviation between nodes will be low, but could occur. |f

no accurate Reference Timing Signal is available, the local node reference oscillator must be relied upon. Then the
RNC-Node B Node Synchronisation procedure can be used as a background process to find out the frequency deviation
between nodes.

In the RNC-Node B Node Synchronisation procedure, the RNC sends a DL Node Synchronisation control frame to
Node B containing the parameter t1. Upon reception of a DL Synchronisation control frame, the Node B shall respond
with UL Synchronisation Control Frame, indicating t2 and t3, as well ast1 which was indicated in the initiating DL
Node Synchronisation control frame (see Figure 3).

These tw%ths (t2-t1 + t4-t3) give together the Round Trip Delay (RTD)
a N

4094 4095 0 1 2 3 4 REN

SRNC

e
=
v

t1

DL Not ation L0,
UL onization

[t1=40941.250, t2=1492.500, t3=1505.000]

\ 2 3
Node B

147 148 149 150 151 152 153 BFN

v

Figure 2: RNC-Node B Node Synchronisation
In case of macrodiversity with recombining in the DRNC, the DL Node Synchronisation control frameis duplicated in

the DRNC on the different links, while the UL Node Synchronisation control frames received from all the Node B’'s are
forwarded transparently to the SRNC (see Figure 4).
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Figure 3: [FDD - RNC-Node B Node Synchronisation during soft handover with selection/recombining
in the DRNC]

8.2.1 General

FDD Radio Interface Synchronisation assures that UE gets the correct frames when received from several cells. The UE
measures the Timing difference between its DPCH and SFN in the target cell when doing handover and reportsit to
SRNC. SRNC sends this Time difference value in two parameters Frame Offset and Chip Offset over lub to Node B.
Node B rounds this value to the closest 256 chip boundary in order to get DL orthogonality (regardless of used
spreading factor). The rounded value is used in Node B for the DL DPCH.

DOFFpp is selected by the SRNC considering the interleaving period (e.g. 10, 20, 40 or 80ms) when entering in
dedicated state from common channel state.

Services are scheduled by using DOFFpp, in order to average out the lub traffic load and the Node B processing load.
DOFFpp (FDD Default DPCH Offset value) is only used when setting up the first RL in order to initialise Frame
Offset and Chip Offset and to tell UE when frames are expected.

UE usesthe UL DPCH asit is a more defined time instant compared with DL DPCH.
The handover reference isthe time instant Tygery -To, which is called DL DPCH,,, in the timing diagram.

Tear is used to skew cellsin the same Node B in order to not get colliding SCH bursts, one SCH burst is 1/10 of adot
time.

The timing diagram in Figure 15 shows an example with two cells connected to one UE where handover is done from
source cell (Cell 1) to target cell (Cell 2).
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Figure 15: FDD Radio Interface Synchronisation timing diagram

SFN; isfound in Cell 1 at Node B, and SFN, at Cell 2 and Node B,. SFN; issent T_cell; after the Node B, reference
BFN;. CFN isthe frame numbering that is related to each DL and UL Dedicated Physical Channel (DPCH). UL DPCH
is sent from UE to both Cells (both Node B's in this example). UL DPCH at Node B, is shown to indicate the difference
to the DL DPCH, at Node B,.

The new RL (DL DPCH,) which is setup at the HO will face some deviation from nominal position due to the rounding
of Frame Offset and Chip Offset to 256 chip boundary in Node B. Also-TFime-dispersion-Node B-UEfrequeney-drift
and-UE-movement-affectsthis phase- deviation. Time dispersion and UE movements are examples of other factors

affecting this phase deviation.

The nominal DL DPCH timing at UE is T, before the Tyerx time instant, which could be expressed:

DL DPCHnom = TUI:_TX 'TO

(8.1)

In UE dedicated state, OFF and Tm are measured at UE according to the following equation:
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OFF + Tm = (SFNzrge ~DL DPCHpom) mod 256 frames [chips] (8.2
NOTE: OFF hasthe unit Frames and Tm the unit Chips.

Example: assume that OFF + T, equals " 3.3300" frames (as given as an example in Figure 19).
Then OFF =3 and T,, = "0.33" which correspondsto T, = 12672 chips.

In other words (referring to the timing diagram in Figure 19):

- How to determine T, at UE: Select atime instant 1) where frame N starts at DL SFN, e.g. frame number 3, the
time from that time instant to the next frame border of DL DPCH,o, 2) equals T,
(if these are in phase with each other, T, is zero).

- How to determine OFF: The difference between the frame number selected for time instant 1) and the frame
number starting at instant 2) mod 256 frames equals OFF.
Example: (3 -0) mod 256 = 3, another exampleis (1 —254) mod 256 = 3.
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6.1.2 Inter Node B Node Synchronisation

In the FDD mode Inter Node B Node Synchronisation could be reached via the RNC-Node
B Node Synchronisation in order to determine inter Node B timing reference relations.

This could be used to determine Inter-cell relationships (considering T_cell) which can be
used in the neighbour cell listsin order to speed up and ssimplify cell search done by UE at
handover.

In TDD Inter Node B Node Synchronisation is used to achieve a common timing reference
among Node B's (see Figure 5), that allows to support Intercell Synchronisation.

20 2% 0 1 2 3 4 RN
RN\NC »
L4
NooeB-
| | | | | | | >
\ \ \ \ \ \ \ 'BFN-l
w 18 10 150 151 =2 153
NookeB-2
| \ | | | | | >
\ \ \ \ \ \ \ 'BFN-Z
qv a3 o a5 205 a0 a8

Figure 1: Synchronisation of BFNs through TDD Inter Node B Synchronisation

In TDD Inter Node B Node Synchronisation may be achieved via a standardised
synchronisation port (see subclause 6.1.2.1) that allows to synchronise the Node B to an
externa reference.

Another option to achieve the Inter Node B Node Synchronisation ina TDD system isthe
synchronisation of cells or Node Bs viathe air interface (see subclause 6.1.2.2).

6.1.2.1 TDD Node B Synchronisation Ports

This subclause defines the Node B input and an output synchronisation ports that can be
used for Inter Node B Node Synchronisation. These synchronisation ports are optional.

The input synchronisation port (SYNC IN) alows the Node B to be synchronised to an
external reference (e.g. GPS), while the output synchronisation port (SYNC OUT) allows
the Node B to synchronise directly another Node B (see Figure 6).
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Figure 6: Usage of Synchronisation Ports

This allows connecting Node B's in adaisy chain configuration, so that a single external
reference is enough and all remaining nodes B can be synchronised (e.g. in case of indoor
operation).

The Node B starts the synchronisation to the external reference when avalid input
synchronisation signal is detected at the input synchronisation port.

If avalid synchronisation signal is detected, the Node B regenerates that signal at its output
synchronisation port.

The electrical characteristics of the synchronisation ports shall conform to RS422 [6]
(output synchronisation port: subclause 4.1; input synchronisation port: subclause 4.2).

The synchronisation signal (illustrated in Figure 7a) isa 100 Hz signal having positive
pulses of width between 5 ps and 1 ms, with the following exceptions:

- when (SFN mod 256 = 0) and not (SFN mod 4096 = 0), the pulse shall have a width between 2 ms
and 3 ms;

This signal establishes the 10 ms frame interval, the 2.56 s multiframe interval, and the
4096 frames SFN period. The start of all framesin the cell of the node B is defined by the
falling edge of the pulse. The required accuracy for the phase difference between the start
of the 10ms frame interval and-thefalling-edgeof the synchronisationpulsesis defined in
[15]._The time delay from the falling edge of the signal at the SYNC IN port to the start of
the transmitted radio frame shall not exceed 500ns.

The start of the 256 frame period is defined by the falling edge of the pulse corresponding
to the frames where SFN mod 256 =0 (i.e. of width between 2 ms and 3 ms, or between
4ms and 5 ms, respectively).

The start of the 4096 frame period is defined by the falling edge of the pulse corresponding
to the frames where SFN mod 4096 = O (i.e. of width between 4 msand 5 ms).
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The synchronisation signal at the input port shall have frequency accuracy better than the
one of the Node B.

The relative phase difference of the synchronisation signals at the input port of any Node B
in the synchronised area shall not exceed 2.5 ps.

218 >518
<5ms : <lms
Nl L _> ‘_
10ns
25%s

Figure 7: Synchronisation signal with 256 frames markers (Release 99)
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Figure 7a: Synchronisation signal with 256 and 4096 frames markers (Release 4)

Synchronisation by a GPSreceiver

The signal transmitted by a Global Positioning System (GPS) satellite indicates the GPS
time that provides an absolute time reference. This makes the GPS receiver suitable for
Inter Node B Node Synchronisation.

Inter Node B Node Synchronisation is achieved by relating the synchronisation signal (at
the input synchronisation port) to the GPS signal. Since the period of thissignal is2.56 s,
thisimplies that every 6400 frames the start of a 256 frame period coincides with an integer
GPS second, i.e. amultiframe shall start when GPS time mod 64 = 0.

In general, at each start of a GPS second indicating the GPS time in seconds, the associated
full SFN (the 12 bits value) can be derived as: SFN = (GPStime * 100) mod 4096. If the
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synchronisation port signal shall be derived from GPS, the special pulses for the 256
frames period and the 4096 frames period shall be present in the synch port signal when
SFN mod 256 = 0 or SFN mod 4096 = 0, respectively, where the SFN in these equations is
linked to the GPS time by the said equation.

Backward compatibility to Release 99

The Release 4 synchronisation port definition is backward compatible with the R99 synch
port in the following sense: It is possible to feed a Release 99 Node B with the Rel.4
synchronisation port signal. This results from the fact that the Rel.4 synch port pulses
defined for SFN mod 256 = 0 and those defined for SFN mod 4096 = 0 both meet the pulse
width tolerance defined for SFN mod 256 = 0 in Release 99. So the Rel.99 Node B will
recognise these two classes of Release 4 pulses as valid Release 99 pulses for definition of
the 256 frames multiframe start. The Rel.99 Node B will, however, ignore the differences
between the 256 frames period pulse and the 4096 frames period pulse: The result isthe
256 frames multiframe synchronisation as specified for Release 99.

The opposite scenario, however, i.e. connecting a Release 99 synchronisation port signal
(without the 4096 frames marker) to a Release 4 Node B, shall be excluded. Thiswould
cause confusion for the "synchronisation viaradio interface" procedure. The TDD cellsin
Rel.4 shall be either "reference” cells where the SFN is fully synchronised to an external
reference, or they shall be "non-reference” without any external, local frame clock
reference.
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8 Radio Interface Synchronisation

8.1 General

This subclause describes the Radio Interface Synchronisation for FDD and TDD.

8.2 FDD Radio Interface Synchronisation

8.2.1 General

FDD Radio Interface Synchronisation assures that UE gets the correct frames when received from several cells. The UE
measures the Timing difference between its DPCH and SFN in the target cell when doing handover and reportsit to
SRNC. SRNC sends this Time difference value in two parameters Frame Offset and Chip Offset over lub to Node B.
Node B rounds this value to the closest 256 chip boundary in order to get DL orthogonality (regardless of used
spreading factor). The rounded value is used in Node B for the DL DPCH.

DOFFgpp is selected by the SRNC considering the interleaving period (e.g. 10, 20, 40 or 80ms) when entering in
dedicated state from common channel state.

Services are scheduled by using DOFFpp, in order to average out the lub traffic load and the Node B processing load.
DOFFpp (FDD Default DPCH Offset value) is only used when setting up the first RL in order to initialise Frame
Offset and Chip Offset and to tell UE when frames are expected.

UE usesthe UL DPCH asit is a more defined time instant compared with DL DPCH.
The handover reference is the time instant Tygery -TO, which is called DL DPCH,,o, in the timing diagram.

Tear is used to skew cellsin the same Node B in order to not get colliding SCH bursts, one SCH burst is 1/10 of asot
time.

The timing diagram in Figure 15 shows an example with two cells connected to one UE where handover is done from
source cell (Cell 1) to target cell (Cell 2).
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Figure 15: FDD Radio Interface Synchronisation timing diagram

SFN, isfound in Cell 1 at Node B, and SFN, at Cell 2 and Node B,. SFN; issent T_cell, after the Node B, reference
BFN;. CFN isthe frame numbering that is related to each DL and UL Dedicated Physical Channel (DPCH). UL DPCH
is sent from UE to both Cells (both Node B's in this example). UL DPCH at Node B, is shown to indicate the difference
to the DL DPCH, at Node B..

The new RL (DL DPCH,) which is setup at the HO will face some deviation from nominal position due to the rounding
of Frame Offset and Chip Offset to 256 chip boundary in Node B. Also Time dispersion, Node B-UE frequency drift
and UE movement affects this phase deviation.

The nominal DL DPCH timing at UE is T, before the Terx time instant, which could be expressed:
DL DPCHom = Tuerx -To (8.1)

In UE dedicated state, OFF and Tm are measured at UE according to the following equation:



Release 1999 23 3GPP TS 25.402 V3.5.0 (2001-03)

OFF + Tm = (SFNigge —DL DPCH,om) mod 256 frames [chips] (8.2
NOTE: OFF hasthe unit Frames and Tm the unit Chips.

| Example: assume that OFF + T, equals "3.3300" frames (as given as an example in Figure 189).
Then OFF =3 and T, = "0.33" which correspondsto T,, = 12672 chips.

In other words (referring to the timing diagram in Figure 189):

- How to determine T,, at UE: Select atime instant 1) where frame N starts at DL SFN, e.g. frame number 3, the
time from that time instant to the next frame border of DL DPCH, 1, 2) equals T,
(if these are in phase with each other, T, is zero).

- How to determine OFF: The difference between the frame number selected for time instant 1) and the frame
number starting at instant 2) mod 256 frames equals OFF.
Example: (3 -0) mod 256 = 3, another exampleis (1 —254) mod 256 = 3.
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8 Radio Interface Synchronisation

8.1 General

This subclause describes the Radio Interface Synchronisation for FDD and TDD.

8.2 FDD Radio Interface Synchronisation

8.2.1 General

FDD Radio Interface Synchronisation assures that UE gets the correct frames when received from several cells. The UE
measures the Timing difference between its DPCH and SFN in the target cell when doing handover and reportsit to
SRNC. SRNC sends this Time difference value in two parameters Frame Offset and Chip Offset over lub to Node B.
Node B rounds this value to the closest 256 chip boundary in order to get DL orthogonality (regardless of used
spreading factor). The rounded value is used in Node B for the DL DPCH.

DOFFgpp is selected by the SRNC considering the interleaving period (e.g. 10, 20, 40 or 80ms) when entering in
dedicated state from common channel state.

Services are scheduled by using DOFFpp, in order to average out the lub traffic load and the Node B processing load.
DOFFpp (FDD Default DPCH Offset value) is only used when setting up the first RL in order to initialise Frame
Offset and Chip Offset and to tell UE when frames are expected.

UE usesthe UL DPCH asit is a more defined time instant compared with DL DPCH.
The handover reference is the time instant Tyery -To, which is called DL DPCH,,o, in the timing diagram.

Tear is used to skew cellsin the same Node B in order to not get colliding SCH bursts, one SCH burst is 1/10 of asot
time.

The timing diagram in Figure 15 shows an example with two cells connected to one UE where handover is done from
source cell (Cell 1) to target cell (Cell 2).
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Figure 15: FDD Radio Interface Synchronisation timing diagram

SFN, isfound in Cell 1 at Node B, and SFN, at Cell 2 and Node B,. SFN; issent T_cell, after the Node B, reference
BFN;. CFN isthe frame numbering that is related to each DL and UL Dedicated Physical Channel (DPCH). UL DPCH
is sent from UE to both Cells (both Node B's in this example). UL DPCH at Node B, is shown to indicate the difference
to the DL DPCH, at Node B..

The new RL (DL DPCH,) which is setup at the HO will face some deviation from nominal position due to the rounding
of Frame Offset and Chip Offset to 256 chip boundary in Node B. Also Time dispersion, Node B-UE frequency drift
and UE movement affects this phase deviation.

The nominal DL DPCH timing at UE is T, before the Terx time instant, which could be expressed:
DL DPCHom = Tuerx -To (8.1)

In UE dedicated state, OFF and Tm are measured at UE according to the following equation:
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OFF + Tm = (SFNigge —DL DPCH,om) mod 256 frames [chips] (8.2
NOTE: OFF hasthe unit Frames and Tm the unit Chips.

| Example: assume that OFF + T, equals "3.3300" frames (as given as an example in Figure 189).
Then OFF =3 and T, = "0.33" which correspondsto T,, = 12672 chips.

In other words (referring to the timing diagram in Figure 189):

- How to determine T,, at UE: Select atime instant 1) where frame N starts at DL SFN, e.g. frame number 3, the
time from that time instant to the next frame border of DL DPCH, 1, 2) equals T,
(if these are in phase with each other, T, is zero).

- How to determine OFF: The difference between the frame number selected for time instant 1) and the frame
number starting at instant 2) mod 256 frames equals OFF.
Example: (3 -0) mod 256 = 3, another exampleis (1 —254) mod 256 = 3.
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