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4.5
Radio Interface Synchronisation

The Radio Interface Synchronisation relates to the timing of the radio frame transmission (either in downlink [FDD] or in both directions [TDD]). FDD and TDD have different mechanisms to determine the exact timing of the radio frame transmission and also different requirements on the accuracy of this timing.

In FDD Radio Interface Synchronisation is necessary to assure that the UE receives radio frames synchronously from different cells, in order to minimise UE buffers.

In TDD Radio Interface Synchronisation is necessary for various reasons.:

· Radio Frame Synchronisation is used to synchronise radio frames within neighbouring cells  in order to minimise cells cross-interference
· Multi frame Synchronization is used to allow frame wise hopping mechanisms among cells (e.g. Cell Parameter Cycling according to TS25.223) and to make procedures involving more Nodes B (e.g. handover) easier and more efficient;

· Timing advance is used between UE and UTRAN  in order to minimise UE-cell interference.

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 (via 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 Synchronisation is used to achieve a common timing reference among Node B's (see Figure 5).
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Figure 5: Synchronisation of BFNs through TDD Inter Node B Synchronisation
TDD may have several solutions for Inter Node B Node Synchronisation:

-
Synchronisation of Node B's to an external reference via a standardised synchronisation port (see section 6.1.2.1);

-
Synchronisation of Node B's on the air-interface, e.g. through Node B's cross measurements.

6.1.2.1
TDD Node B Synchronisation Ports

This section 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 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).

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 propagation delay between the input and output synchronisation ports shall not exceed 500 ns.

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

The synchronisation signal (illustrated in Figure 7) is a 100 Hz signal having positive pulses of width between 5 (s and 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 a frame is defined by the falling edge of the pulse.

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

The relative phase difference of the synchronisation signals at the input port of two neighbouring Node B's shall not exceed 5 (s.
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Figure 7: Synchronisation signal

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.

8.3
TDD Radio Interface Synchronisation

8.3.1
General

The TDD Radio Interface Synchronisation relates to the following three aspects:

· Radio Frame Synchronisation;
· Multiframe Synchronisation,
-
Timing Advance.

In TDD mode Radio Frame Synchronisation among Node B's is achieved by means of the Inter Node B Node Synchronisation that allows to achieve a common timing reference among Node B's. Radio Interface Synchronisation between UE and UTRAN is achieved by means of the Timing Advance mechanism.

8.3.2
Radio Frame Synchronisation

Radio Frame Synchronisation is necessary to ensure that the uplink/downlink switching points are positioned at the same time instant at least in adjacent cells (see Figure 20).

This requirement is necessary to avoid that a receiving UE can be saturated by a transmitting UE in a neighbouring cell. 

In addition it automatically ensures that the slots of different cells are synchronised, i.e. they do not overlap at the UE.
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Figure 20: Radio Frame Synchronisation

8.3.3 Multi Frame Synchronisation
In this section, the term multiframe is used to refer to a sequence of 256 radio frames starting with an SFN with  SFN mod 256 = 0. Hence multiframe synchronisation means the synchronization of the last 8 bits of the SFN.
The synchronisation on the last 8 bits of the SFN is required if frame wise hopping mechanisms among cells are used. It also can be used to keep more efficient and faster all procedures involving a switch from one Node-B to another, such as searching for new Base Stations, locking to new Base Stations or handover.

Note that a prerequisite for Multi Frame Synchronisation is that frames are synchronised. 

For Multi Frame Synchronisation it is required that the frame numbers in neighbouring cells are time aligned, i. e. in Figure 20 this would mean N mod 256 = K mod 256.
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, correction during operation, and setting on handover. For each category, a number of different cases can be distinguished.

1.
Measurement of the timing offset on the physical channels:

-
On PRACH transmissions;

-
On DPCH transmissions;

-
On PUSCH transmissions.

2.
Assignment of correct timing advance value when establishing new channels:

-
At switch to DCH/DCH state;

-
At switch to USCH state.

3.
Correction of timing advance value for channels in operation:

-
At least one uplink DCH in operation;

-
Only USCH in operation.

4.
Setting of timing advance value for target cell at handover.

8.3.4.1
Measurement of the timing offset on the physical channels

Timing offset measurements 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 the used channels.

PRACH: 
The Node B physical layer measures the timing accuracy of the RACH bursts transmitted by the UE. It measures the timing offset of the received signal (Rx Timing Deviation) and passes this together with the transport block to the CRNC (by means of the Iub RACH Frame Protocol). In case the PRACH supports a DCH, the measured timing offset may be passed from DRNC to the SRNC over Iur interface (by means of the Iur RACH Frame Protocol).

PUSCH: 
The Node B physical layer measures the timing accuracy of the PUSCH bursts transmitted by the UE. It measures the timing offset of the received signal (Rx Timing Deviation) and passes this together with the transport block to the CRNC (by means of the Iub USCH Frame Protocol).

DPCH: 
The Node B physical layer measures the timing accuracy of the DPCH bursts transmitted by the UE. It measures the timing offset of the received signal (Rx Timing Deviation) and passes this together with the transport block to the SRNC (by means of the Iub & Iur DCH Frame Protocols).

8.3.4.2
Assignment of correct timing advance value when establishing new channels

8.3.342.1
Switch to DCH/DCH state

The transition to DCH/DCH state from USCH/DSCH state, RACH/FACH state or Idle Mode operates in the following manner:

-
The SRNC checks whether an up to date timing offset measurement 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 timing offset measurement is available, the SRNC has to trigger an uplink transmission from the UE before it can assign a DCH. The SRNC calculates the required timing advance value and saves it in the UE context for 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 physical layer.

8.3.4.2.2
Switch to USCH state

For uplink traffic using the USCH, short time allocations are sent to the UE regularly. Therefore switch to USCH is very similar to handling of timing advance updates during USCH operation. The UTRAN only has to check, whether an up to date timing offset measurement is available. Such a measurement can be available from a recent RACH access (e.g. from initial access). If no up to date timing offset measurement is available, the UTRAN has to trigger an uplink transmission from the UE before it can assign an USCH.

8.3.4.3
Correction of timing advance value for channels in operation

8.3.4.3.1
UE in Traffic using at least one uplink DCH

An UE that is operating a dedicated channel (DCH/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 timing correction procedure 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 signalled.

2.
Timing advance corrections are signalled to the UE via RRC signalling on FACH or DCH (PHYSICAL CHANNEL RECONFIGURATION, TRANSPORT CHANNEL RECONFIGURATION or RADIO BEARER RECONFIGURATION).

3.
When the UE receives the a new timing advance value, it configures its physical layer.


There is no need for the UE to acknowledge the timing correction message:the Node B periodically measures the UE timing accuracy, and the UE reports the received timing advance value as part of the measurement reporting. The SRNC is then able to detect when a timing advance message has not been received and needs to be resent .

8.3.4.3.2
UE in Traffic using only USCH

The timing correction procedure operates in the following manner:

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

-
if 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 timing error on this RACH.

-
if a new allocation follows an USCH transmission, the timing error is already known to the CRNC from measurements of the last uplink transmission.

2.
If a Timing Advance update is needed, the CRNC includes a new timing advance value in the next USCH allocation message to the UE (PHYSICAL SHARED CHANNEL ALLOCATION).

3.
 When the UE receives the a new timing advance value, it configures its physical layer.

8.3.4.4
Setting of timing advance value for target cell at handover

Handover between different cells requires the correct setting of the timing advance for the target cell, before uplink traffic transmission is allowed. Since the TDD system has synchronised base stations, a UE is able to measure the time offset between the two cells and, consequently, is able to correct its timing on handover without UTRAN assistance. However to improve the accuracy for the calculated timing advance, the SRNC can include the measured timing offset value in the HANDOVER COMMAND message.

After a successful handover, a HANDOVER COMPLETE message is transmitted in the new cell. In this message, the UE can report the calculated timing advance, which is used for access to the new cell. By this way, the SRNC is informed as fast as possible about the timing advance in the UE, and it can correct the timing advance if necessary.
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