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3.3
Abbreviations

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

ACK
(time alignment) acknowledgement

BFN
Node B Frame Number (counter)

CFN
Connection Frame Number (counter)

CH
Channel

CN
Core Network

CPICH
Common Pilot Channel

CRNC
Controlling RNC

DL
Down Link

DCH
Dedicated Channel

DOFFFDD
FDD Default DPCH Offset value

DOFFTDD
TDD Default DPCH Offset value

DPCH
Dedicated Physical Channel

DPCCH
Dedicated Physical Control Channel

DRNC
Drift RNC

DSCH
Downlink Shared Channel

FACH
Forward Access Channel

FDD
Frequency Division Duplex

F-DPCH
Fractional DPCH

GANSS
Galileo and Additional Navigation Satellite Systems
GPS
Global Positioning System

GNSS
Global Navigation Satellite System
HO
Handover

LTOA
Latest Time of Arrival

L1
Layer 1

L2
Layer 2

MAC
Medium Access Control

MBMS
Multimedia Broadcast Multicast Service

MBSFN
Multicast/Broadcast over a Single Frequency Network

MCCH
MBMS point-to-multipoint Control Channel

MTCH
MBMS point-to-multipoint Traffic Channel

NACK
(time alignment) negative acknowledgement

PCCPCH
Primary Common Control Physical Channel

PCH
Paging Channel

PDU
Packet Data Unit

PTP
Point-to-Point

PTM
Point-to-Multipoint
PUSCH
Physical Uplink Shared Channel

RAB
Radio Access Bearer

RACH
Random Access Channel

RAN
Radio Access Network

RFN
RNC Frame Number (counter)

RL
Radio Link

RNC
Radio Network Controller

RNS
Radio Network Subsystem

RRC
Radio Resource Control

SAP
Service Access Point

SCH
Synchronisation Channel

SFN
Cell System Frame Number (counter)

SRNC
Serving RNC

SRNS
Serving RNS

TBS
Transport Block Set

TDD
Time Division Duplex

TOA
Time Of Arrival

TOAWE
Time Of Arrival Window Endpoint

TOAWS
Time Of Arrival Window Startpoint

TTI
Time Transmission Interval

UE
User Equipment

UL
Up Link

UMTS
Universal Mobile Telecommunications System

USCH
Uplink Shared Channel

UTRAN
UMTS Terrestrial Radio Access Network

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

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

If a valid 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) is a 100 Hz signal having positive pulses of width between 5 (s 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 frames in 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 is 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 = 0 (i.e. of width between 4 ms and 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 (s.
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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 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 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 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.

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 = (GPS time * 100) mod 4096. If the 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.

Synchronisation by a GANSS receiver

The signal transmitted by a Galileo and Additional Navigation Satellite Systems (GANSS) indicates the GANSS time that provides an absolute time reference. This makes the GANSS receiver suitable for Inter Node B Node Synchronisation.
A GANSS receiver furthermore ensures integrity with a Time To Alert of 6s. The receiver shall only provide the date t, where t = t0+ Dt, Dt representing 15s (duration evaluated by the internal clock of the receiver) and t0 being GANSS date evaluated 15s earlier, if it has not received and alert from GANSS system between t0 and t. In the following paragraphs, t so calculated is called GANSS time.
Inter Node B Node Synchronisation is achieved by relating the synchronisation signal (at the input synchronisation port) to the GANSS 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 GANSS second, i.e. a multiframe shall start when GANSS time mod 64 = 0.

In general, at each start of a GANSS second indicating the GANSS time in seconds, the associated full SFN (the 12 bits value) can be derived as: SFN = (GANSS time * 100) mod 4096. If the synchronisation port signal shall be derived from GANSS, 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 GANSS time by the said equation.
Backward compatibility to Release 99

The Release 4 synchronisation port definition is backward compatible with the Release 99 synchronisation port in the following sense: It is possible to feed a Release 99 Node B with the Release 4 synchronisation port signal. This results from the fact that the Release 4 synchronisation 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 Release 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 Release 99 Node B will, however, ignore the differences between the 256 frames period pulse and the 4096 frames period pulse: The result is the 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. This would cause confusion for the "synchronisation via radio interface" procedure. The TDD cells in Release 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.

6.1.2.2
TDD Inter Node B Node Synchronisation procedure [3.84Mcps TDD]

The Node B synchronisation procedure is an optional procedure based on transmissions of cell synchronisation bursts in predetermined PRACH time slots according to an RNC schedule. Such soundings between neighbouring cells facilitate timing offset measurements by the cells. The measured timing offset values are reported to the RNC for processing. The RNC generates cell timing updates that are transmitted to the Node B and cells for implementation.

The synchronisation procedure has four phases to bring a network into a synchronised operation, the preliminary phase, the frequency acquisition phase, the initial phase and the steady-state phase. The procedure for late entrant cells is slightly different and is described separately.

For synchronisation via the air interface it has to be considered that as long as a cell is not synchronised the cell may interfere the neighbouring cells. This applies especially in case of late entrant cells where first the new cell has to be setup before the synchronisation procedure starts. By this Cell Setup procedure the SCH is already transmitting. The RNC shall therefore disable the downlink time slots on Cell Setup procedure by means of the Time Slot Status IE. When the cell synchronisation has been performed the downlink time slots shall be enabled by means of the Cell Reconfiguration procedure.

The synchronisation source should be at least one cell in each RNS which is synchronised by an external reference. The RNC evaluates the absolute time thanks to this source.

If the source is a GANSS receiver, the RNC shall only send corrections based on time t = t0 + Dt with Dt = 15s (duration evaluated by the RNC’s internal clock), and t0 the date evaluated by the GANSS measurement 15s earlier, if the GANSS receiver has not received alert message between t0 and t.
6.1.2.3
TDD Inter Node B Node Synchronisation procedure [1.28Mcps TDD]

The Node B synchronization procedure for 1.28 Mcps TDD is an optional procedure based on the usage of the transmissions of the DwPCH to achieve Node B synchronisation over the air.

The main difference to the corresponding procedure for 3.84 Mcps TDD is the use of the DwPCH instead of the PRACH for synchronisation burst transmission and reception.

In addition, some extensions for the Steady State phase compared to the 3.84Mcps TDD solution have been specified:

-
The ability to perform averaging of correlation results of several received SYNC_DL codes within a Synchronisation Cycle;

-
The ability of the cell to perform self-adjustment of the timing based on measurements, and to report the accumulated adjustments to the RNC.

The synchronization procedure has three phases to bring a network into a synchronized operation, the preliminary phase, the initial phase and the steady-state phase. In addition there is a procedure for late entrant cells.

For synchronisation via the air interface it has to be considered that as long as a cell is not synchronised the cell may interfere the neighbouring cells. This applies especially in case of late entrant cells where first the new cell has to be setup before the synchronisation procedure starts. The RNC shall therefore disable the downlink time slots on Cell Setup procedure by means of the Time Slot Status IE. When the cell synchronisation has been performed the downlink time slots shall be enabled by means of the Cell Reconfiguration procedure.

The synchronisation source should be at least one cell in each RNS which is synchronised by an external reference. The RNC evaluates the absolute time thanks to this source.

If the source is a GANSS receiver, the RNC shall only send corrections based on time t = t0 + Dt with Dt = 15s (duration evaluated by the RNC’s internal clock), and t0 the date evaluated by the GANSS measurement 15s earlier, if the GANSS receiver has not received alert message between t0 and t.
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