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8.3.4  Timing Advance

Timing Advance is used in uplink to align the uplink radio signals from the UE to the UTRAN both in case of uplink
Dedicated Physical Channels (DPCH) and of Physical Uplink Shared Channels (PUSCH).

The handling of timing advance can be divided in four main categories: measurement, initial assignment,

| ecorrectioupdatesduring operation, and setting on handover. For each category, a number of different cases can be

distinguished.

1. Measurement of the timirggffsetdeviationon the physical channels:

- On PRACH transmissions;
- On DPCH transmissions;

- On PUSCH transmissions.

. Assignment of correct timing advance value when establishing new channels:

- At switch-to DCH/DCHransition to CELL DClstate;

- Atswitch-to-USCH-staté/hen establishing an USCH in CELL FACH state.

. CorrectioiUpdateof timing advance value for channels in operation:

- Atleastone-uplinlbCH-in-operatioblE in CELL DCH statp
- OnlyUSCH-in-operatiddE with USCH in CELL_FACH state

. Setting of timing advance value for target cell at handover

- Handover from TDD to TDD with synchronised cells;

- Handover from TDD to TDD with unsynchronised cells;

- Handover from FDD to TDD;

- Handover from other systems to TDD.

8.34.1 Measurement of the timing effsetdeviation on the physical channels

Timing effsedeviationmeasurements are always performed in the physical layer in Node B. These measurements have
to be reported to the higher layers, where timing advance values are calculated and signalled to the UE. For this
reporting, a number of different ways are foreseen, depending on thghysachlchannels.

PRACH: The Node B physical layer measures the tinsiaguracy-of the- RACH bursts-transmitted-by the

UEltmeasures-the-timingffsedeviationof the received®RACH signal R«RX Timing

Deviation) and passes this together with the transport block to the CRNC (by means of the lub
RACH Frame Protocol). In case tR&ACH carries a DCCH or DTCHPRACH-supperts-a-HCH

the measured timingtsedeviationmay be passed from DRNC to the SRNC over lur interface
(by means of the lur RACH Frame Protocdlpte: PRACH transmissions themselves are
transmitted with a large guard period so they do not require timing advance.

PUSCH: The Node B physical layer measures the tinsiaguracy-of the- PUSCH-bursts-transmitted-by the

UElt-measures-the-timingffsedeviationof the received USCHsignal «RX Timing

Deviation) and passes this together with the transport block to the CRNC (by means of the Iub
USCH Frame Protocaol).

DPCH: The Node B physical layer measures the tinsiaguracy-of the- BPCH-bursts-transmitted-by the

UElt-measures-the-timingffsedeviationof the receivedPCH signal RxRX Timing
Deviation) and passes thisgetherwith-the-transpert-blogkue, if the conditions for reporting

the measurement are mtef,the SRNC (by means of the lub & lur DCH Frame Protocols).
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8.34.2 Assignment of correct timing advance value when establishing new channels

8.3.4.2.1 Switch-to-DCH/DCH-stateTransition to CELL DCH State

The transition t&CSH/DCHCELL DCH state fromdSCH/IDSCH-state; RACH/FACH stdl&LL _FACH stateor Idle
Mode operates in the following manner:

| - The SRNC checks whether an up to date tinsifigedeviationmeasurement is available. Such a measurement

can be available from a recent RACH access (e.g. from initial access) or from a recent USCH transmission. If no
up to date timingffsedeviationmeasurement Bvailable e.g. because of lack of uplink transmissions, or

during USCH over lur, the SRNC is not informed about Rx Timing Deviations;-and-the-B&NG trigger an

uplink transmission from the UE before it can assign a DiBHexample, a RRC procedure requiring a response
from the UE).The SRNC calculates the required timing advance value and saves it in the UEindhtext

SRNCfor later use in dedicated or shared channel activation.

- The SRNC attaches the timing advance value to the channel allocation message that it signals to the UE via
FACH (RRC CONNECTION SETUP or RADIO BEARER SETUP).

- When the UE receives the channel allocation message it configures its physicaitlayee given absolute
timing advance value. When a timing advance command is signalled to the UE, the CEN that the new timing
advance is to be applied is always signalled

8.3.4.2.2 Switeh-to- USCH-stateWhen establishing an USCH in CELL FACH state

For uplink traffic using the USCH, short time allocations are sent to the UE regularly. Thesefereteestablishing
anUSCHin CELL_FACH states very similar to handling of timing advance updates during USCH operation. The
UTRAN enly-has-to-check-whethshall usean up-te-dataecenttiming effsetieviationmeasuremens avaiable Such
a measurememgnshallbe available from a receUlSCH burst ora receRACH access (e.g. frommaJ—aeeesa
PUSCH CAPACITY REQUES) ; ‘

8.34.3 CeorrectionUpdate of timing advance value for channels in operation

8.34.3.1 UE in Fraffic-using-atleast-one-uplnk BECHCELL DCH state

An UE that is operating a dedicated chanBel{d/CELL_DCH state), has to update the timing advance from time to
time to keep the received signal at the Node B within the required time window. Under reasonable assumptions the
worst case update frequency is in the order of 8 seconds.

The timingeerrectioradvance updaterocedure operates in the following manner:

1. The SRNC determines whether a new timing advance value has to be transmitted to the UE taking into account

when-the-last-correction-was-sighaltbd.timing deviation measurements. The new timing advance value is

calculated taking into account the UE’s current timing advance value.

2. Fming-advance-correctiolbe new timing advance value and the CFEN in which it is to take effectignalled
to the UE via RRC signalling on FACH or DCH (PHYSICAL CHANNEL RECONFIGURATION,
TRANSPORT CHANNELRECONFIGURATION, RADIO BEARERRECONFIGURATION oRABIO
BEARER RECONHIGURATONPLINK PHYSICAL CHANNEL CONTROL are examples of possible
messages on the DCCH).

3. The SRNC shall also send the updated timing advance value and the CEN in which it is to take effect to the
Node B, using a user plane control message. The Node B may adjust its physical layer to take the change in
uplink transmission into account.

4.3.4. —When the UE receivése a new timing advance value sitallconfigures its physical layeso that the
updated timing advance value takes effect on the given CEN specified within the RRC nEssdigeing
advance value shall be applied to all DPCHSs and, if present, to all PUSCHs.

There is no need for the UE to acknowledge the timrgection-message:-the-Node-B-periodically-measures-the UE
timing-acedracygdvance update: the Node B continually measures and reports the UE timing dewvidtibe UE
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reports the received timing advance value as paheid$ measurement reporting. The SRNGhisrthusable to detect
wheff a timing advanceressagepdatehas not been received and needs to {sent

8.3.4.3.2 UE with USCH in-Traffic usirg-enly-JSCHin CELL FACH state

If the UE uses an USCH in CELL_FACH state (no DCHhdTimingeerrectiormdvance updatprocedure operates in
the following manner:

1. 1-The CRNC determines whether a new timing advance value has to be transmitted to the UE taking into
account when the lasbrrectiesiiming advance updatwas signalled. Two cases are possible:

- ifIf the data transfer is uplink after a longer idle period then the UE has to transmit a capacity request on the
RACH. The CRNC is therefore informed of any timimger-on-this- RACH]eviation on this RACH.

- #If a new allocation follows an USCH transmission, the tinsimgideviationis already known to the CRNC
from measurements of the last uplink transmission.

2 2-If a Timing Advance update is needed, the CRNC includes a new timing advanceawaltiee CFN in
which it will take effectin the next USCH allocation message to the UE (PHYSICAL SHARED CHANNEL
ALLOCATION).

3 The CRNC shall also send a user plane control message indicating the CEN and the updated timing advance
value to the Node B so the Node B can adjust its physical layer averaging to take the change in uplink
transmission into account.

4  3-When the UE receivése a new timing advance valuge UE shalliconfigures its physical layerso that
the updated timing advance value takes effect on the given CEN specified within the PHYSICAL SHARED
CHANNEL ALLOCATION message The timing advance value shall be applied to all present PUSCHs

8.34.4 Setting of timing advance value for target cell at handover

8.3.4.4.1 General

Since the uplink radio signals need to be adjusted only because of large enough distances between the UE and the cell
transmission, certain cells will have a small enough radius that timing advance needs to not be used. In those cells the
timing advance value in the UE is set to zero and UE autonomous adjustment of timing advance upon handover is
disabled in the handover messages to the UE.

In these cells, where TA is not applied, the “RX Timing Deviation” measurement can be omitted if no other procedure
(e.q. LCS) requires it.

8.3.4.4.2 Handover from TDD to TDD with synchronised cells

Séiemswo TDD cells are

mvolved in handover and the two cells are sufﬂmentlv svnchrona;étE is able to measure the time offset betw&en
CCPCH reception ahe two cells and, consequently, is ablattnomouslyorrect its timing on handover without

UTRAN assistance. However to improve the accuracy fotthealculated timing advance, the SRNC can inclaide
updated timing advance basedthe timingeffsedeviationmeasured by the old cell in the messages triggering the
handover in the UENote that this update shall apply in the old cell at the specified CFN if handover is performed on a
later CEN or if the handover fails and falls back to the old cell. The UE shall use this new value as the basis for the UE
autonomous update.

After a successful handover, a response message is transmitted in the new cell. In this indeEsale,
ecarautonomously updated its timing advance it stepbrt the calculated timing advancgug whichit is usedising
for access to the new cell. By this way, the SRNC is informed as fast as possible abbsblhitiming advance
valuein the UE, and it can correct the timing advamsmediatelyor in the future based on this valifeyecessary.

8.3.4.4.3 Handover from FDD to TDD, Handover from other systems to TDD, or Handover
from TDD to TDD with unsynchronised cells

In these cases, since synchronisation between the handover cells is not possible, the new TDD cell must use a burst type
with a large enough transmission window to allow the immediate transmission of data without the need of timing
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advance adjustment in the new cell, since timing adjustment can only be performed in these cells after the first uplink
transmission.
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1 Scope

The present document constitutes the stage 2 specification of different synchronization mechanisms in UTRAN and on
Uu.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

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

« For a specific reference, subsequent revisions do not apply.
» For a non-specific reference, the latest version applies.

* For this Release 1999 document, references to 3G documents are for Release 1999 versions (version 3.x.y).

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

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

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

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

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

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

[71 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".

[11] 3GPP TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)".

[12] 3GPP TS25.223: "Spreading and modulation (TDD)".

[13] 3GPP TS25.215: "Physical layer - Measurements (FDD)".

[14] 3GPP TS25.225: " Physical layer - Measurements (TDD)".

[15] 3GPP TS25.123: "Requirements for Support of Radio Resource Management".
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6.1.2 Inter Node B Node Synchronization

In the FDD mode Inter Node B Node Synchronization could be reached via the RNC-Node B Node Synchronization 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
lists in order to speed up and simplify cell search done by UE at handover.

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

4094 40% 0 1 2 3 4 RN
RNC »
L4
Node B-1
| | | | | | | >
\ \ \ \ \ \ \ 'BFN-l
147 148 149 150 151 152 153
Node B2
| | | | | | | »
\ \ \ \ \ \ \ 'BFN-Z
402 408 404 405 406 407 408

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

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

6.1.2.1 TDD Node B Synchronization Ports

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

The input synchronization port (SYNC IN) allows the Node B to be synchronised to an external reference (e.g. GPS),
while the output synchronization port (SYNC OUT) allows the Node B to synchronise directly another Node B
(see Figure 6).

External
Sync.
Source Node B
Sync Sync
Input Output
Port Port
Adaptor Node B
Sync  sync
Input Qutput
Node B Port Port
Sync  sync
Input Qutput
Port Port Node B
Sync  Sync
Output Input
Port Port

Figure 6: Usage of Synchronization Ports

This allows to connect Node B's in a daisy 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).
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The Node B starts the synchronization to the external reference when a valid input synchronization signal is detected at
the input synchronization port.

If a valid synchromzauon S|gnal is detected, the Node B regenerates that signal at its output synchronizatien port.
A ; eed 500 ns.

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

The synchronization signal (illustrated in Figure 7) is a 100 Hz signal having positive pulses of width bgis/eed 5

1 ms, except when SFN mod 256 = 0 (every 256th pulse), which has a pulse width between 2 ms and 5 ms. This signal
establishes the 10 ms frame interval and the 2.56 s multiframe interval. The start of all frames in the cell of the node B
is defined by the falling edge of the pulSée required accuracy for the phase difference between the start of the 10ms
frame interval and the falling edge of the synchronisation pulses is defined in [15].

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 5 ms).

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

The relative phase difference of the synchronization signals at the input pestedighbouringany Node Bsin the
synchronised areshall not excee#-2.5ps.

>2ns 58
<5ns ] <lnms
10mms

256s

Figure 7: Synchronization signal

Synchronization by a GPS receiver

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 Synchronization.

Inter Node B Node Synchronization is achieved by relating the synchronization signal (at the input synchronization port
to the GPS signal. Since the period of this signal is 2.56 s, this implies that every 6400 frames the start of a 256 frame
period coincides with an integer GPS second, i.e. a multiframe shall start when GPS time mod 64 = 0.

6.1.2.2 TDD Inter Node B Node Synchronization procedure
Void.
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9.3.1A [FDD - UE changes from CELL_FACH/PCH to CELL_DCH state:
several RL's]

_ | _ e by
formula{(9.6)

———————————————————CGFN={$38400—DOFR;*512)-div-38400)-med-256—————{9.6)
Alter-the-initialisation,-the-CFN-in-the UE-is-increased-(mod-256)-by-1-every-frame.

The UE reports to the SRNC the parameters @R& Tm for each cellmeasured respect to the referenceg cell
determined by means of formula (9.7)

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

After having performed ORfand Tm measurements for all target cellse UE initialises the CEN with the value
given by formula (9.6) , based on the received D@FEnd the SFNof the rderence cell.

CEN = ((SB$400 - DOFEpp*512) div 38400) mod 256 (9.6)

After the initialisation, the CFN in the UE is increased (mod 256) by 1 every frame.

CR page 2



	RP-000608.doc
	25402_CR010.doc
	25402_CR011.doc
	25402_CR012.doc

