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8.3.4
Timing Advance for 3.84Mcps and 7.68Mcps TDD

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), E-PUCH, E-RUCCH and of Physical Uplink Shared Channels (PUSCH).

The handling of timing advance can be divided in four main categories: measurement, initial assignment, updates during operation, and setting on handover. For each category, a number of different cases can be distinguished.

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

-
On PRACH transmissions;

-
On DPCH transmissions;

-
On PUSCH transmissions;
-
On E-PUCH transmissions;
-
On E-RUCCH transmissions
2.
Assignment of correct timing advance value when establishing new channels:

-
At transition to CELL_DCH state;

-
When establishing an USCH in CELL_FACH state.

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

-
UE in CELL_DCH state;

-
UE with USCH in CELL_FACH state.

4.
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.

8.3.4.1
Measurement of the timing deviation on the physical channels

Timing deviation 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 physical channels.

a) PRACH: 
The Node B physical layer measures the timing deviation of the received PRACH 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 RACH carries a DDCH or DTCH, the measured timing deviation may be passed from DRNC to the SRNC over Iur interface (by means of the Iur RACH Frame Protocol).

NOTE:
PRACH transmissions themselves are transmitted with a large guard period so they do not require timing advance.

a) PUSCH: 
The Node B physical layer measures the timing deviation of the received PUSCH signal (RX Timing Deviation) and passes this together with the transport block to the CRNC (by means of the Iub USCH Frame Protocol).

b) DPCH: 
The Node B physical layer measures the timing deviation of the received DPCH signal (RX Timing Deviation) and passes this value, if the conditions for reporting the measurement are met, to the SRNC (by means of the Iub & Iur DCH Frame Protocols – Rx Timing Deviation Frame Protocol).

c) E-PUCH:
The Node B physical layer measures the timing deviation of the received E-PUCH signal (RX Timing Deviation) and passes this value, if conditions for reporting the measurement are met, to the SRNC (by means of the Iub & Iur DCH Frame Protocols – Rx Timing Deviation Frame Protocol).

d) E-RUCH: The Node B physical layer measures the timing deviation of the received E-RUCCH signal (RX Timing Deviation) and passes this value, if conditions for reporting the measurement are met, to the SRNC (by means of the Iub & Iur DCH Frame Protocols – Rx Timing Deviation Frame Protocol).  When the E-RUCCH represents a Timing Advance Request message [26] the Node B calculates the timing advance and responds with a Timing Advance Response message [26].
8.3.4.2
Assignment of correct timing advance value when establishing new channels

8.3.4.2.1
Transition to CELL_DCH State

The transition to CELL_DCH state from CELL_FACH state or Idle Mode operates in the following manner:

-
The SRNC checks whether an up to date timing deviation 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 deviation measurement is available, e.g. because of lack of uplink transmissions, or during USCH over Iur, the SRNC is not informed about RX Timing Deviations, and has to trigger an uplink transmission from the UE before it can assign a DCH (for example, a RRC procedure requiring a response from the UE). The SRNC calculates the required timing advance value and saves it in the UE context in the SRNC 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 message CONNECTION SETUP or RRC message RADIO BEARER SETUP).

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

8.3.4.2.2
When establishing an USCH in CELL_FACH state

For uplink traffic using the USCH, short time allocations are sent to the UE regularly. Therefore establishing an USCH in CELL_FACH state is very similar to handling of timing advance updates during USCH operation. The UTRAN shall use a recent timing deviation measurement. Such a measurement shall be available from a recent USCH burst or a recent RACH access (e.g. from the RRC message PUSCH CAPACITY REQUEST).

8.3.4.2.3
When establishing E-DCH in CELL_DCH state (E-DCH/HS-DSCH operation with no UL DPCH)

The UTRAN shall use timing deviation. Such measurements shall be available in relation to recent transmissions on E-RUCCH and/or E-PUCH.
8.3.4.3
Update of timing advance value for channels in operation

8.3.4.3.1
UE in CELL_DCH state

An UE that is operating a dedicated channel (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 timing advance update 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 the timing deviation measurements. The new timing advance value is calculated taking into account the UE's current timing advance value.

2.
The new timing advance value and the CFN in which it is to take effect are signalled to the UE via RRC signalling on FACH or DCH (PHYSICAL CHANNEL RECONFIGURATION, TRANSPORT CHANNEL RECONFIGURATION, RADIO BEARER RECONFIGURATION or UPLINK PHYSICAL CHANNEL CONTROL are examples of possible messages on the DCCH).

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

4.
When the UE receives a new timing advance value, it shall configure its physical layer so that the updated timing advance value takes effect on the given CFN specified within the RRC message. The timing advance value shall be applied to all DPCHs and, if present, to all PUSCHs.

There is no need for the UE to acknowledge the timing advance update: the Node B continually measures and reports the UE timing deviation and the UE reports the received timing advance value as part of its measurement reporting. The SRNC is thus able to detect if a timing advance update has not been received and needs to be resent.

8.3.4.3.2
UE with USCH Traffic in CELL_FACH state

If the UE uses an USCH in CELL_FACH state (no DCH), the timing advance update 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 timing advance update 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 deviation on this RACH.

-
If a new allocation follows an USCH transmission, the timing deviation 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 and the CFN in which it will take effect in 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 CFN 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.
When the UE receives a new timing advance value, the UE shall configure its physical layer, so that the updated timing advance value takes effect on the given CFN specified within the PHYSICAL SHARED CHANNEL ALLOCATION message. The timing advance value shall be applied to all present PUSCHs.

8.3.4.4
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.g. LCS) requires it.

8.3.4.4.2
Handover from TDD to TDD with synchronised cells

When two TDD cells are involved in handover and the two cells are sufficiently synchronised, a UE is able to measure the time offset between P-CCPCH reception of the two cells and, consequently, is able to autonomously correct its timing on handover without UTRAN assistance. However to improve the accuracy for the UE calculated timing advance, the SRNC can include an updated timing advance based on the timing deviation measured by the old cell in the messages triggering the handover in the UE. Note that this update shall apply in the old cell at the specified CFN if handover is performed on a later CFN 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 message, if the UE autonomously updated its timing advance it shall report the calculated timing advance value, which it is using for access to the new cell. By this way, the SRNC is informed as fast as possible about the absolute timing advance value in the UE, and it can correct the timing advance immediately or in the future based on this value, if necessary.

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, synchronisation between the handover cells is not possible. In the case where DPCH(s) are assigned, 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 advance adjustment in the new cell, since timing adjustment can only be performed in these cells after the first uplink transmission. In the case where E-DCH/HS-DSCH operation is configured without a DPCH then the UE obtains timing advance in the new cell (using TA Request, see [26]) before transmitting data.
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