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4
Synchronisation Issues

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;

· Uplink Synchronisation.

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:

TS 25.401 "UTRAN Overall Description", clause 9.

· Network Synchronisation:

TS 25.411 "UTRAN Iu 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 "Iub/Iur Interface User Plane Protocol for DCH Data Streams", subclause 5.5;

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

-
Transport Channel Synchronisation:

TS 25.427 "Iub/Iur Interface User Plane Protocol for DCH Data Streams", subclauses 5.2 – 5.3;

TS 25.435 "UTRAN Iub Interface User Plane Protocols for COMMON TRANSPORT CHANNEL Data Streams", subclauses 5.3 – 5.4.

-
Time Alignment Handling:

TS 25.415 "UTRAN Iu 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 clocks in the UTRAN (and performance requirements on UTRAN internal interfaces).

The distribution of an accurate frequency reference to the network elements in the UTRAN is related 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 [17]).

A general recommendation is to supply a traceable 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 strategy 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 Recommendation G.813 (see reference [20]) may be sufficient. The implementation in the UTRAN of a better performing clock (in terms of holdover) may be recommended for distribution of a 0.05 ppm during failures in the synchronisation network (EN 300 462-7-1, see reference [23], EN 300 462-4-1, see reference [21], or ITU‑T Recommendation G.812 type 1, type 2 or type 3, see reference [19]).

4.3
Node Synchronisation

Node Synchronisation relates to the estimation and compensation of timing differences among UTRAN nodes. FDD and TDD modes have different requirements on the accuracy of the timing difference estimation and on the necessity to compensate for these differences.

Two types of Node Synchronisation can be identified, "RNC-Node B" and "Inter Node B" Node Synchronisation. Their usage differs and the requirements differ between the FDD and TDD modes.

"RNC-Node B" Node Synchronisation allows to get knowledge of the timing differences between RNC and its Node Bs.

"Inter Node B" Node Synchronisation may be used in the TDD mode to compensate the timing differences among Node Bs in order to achieve a common timing reference. The purpose of having a common timing reference is to allow Intercell Synchronisation, which is used, within neighbouring cells to minimise cross-interference.

Positioning / Localisation functions may also set requirements on Node Synchronisation.

4.4
Transport Channel Synchronisation

The Transport Channel Synchronisation mechanism defines synchronisation of the frame transport between RNC and Node B, considering radio interface timing.

DL TBS transmission is adjusted to fit receiver by adjusting the DL TBS timing in upper node. 
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 refers to the following two aspects:

-
Intercell Synchronisation that is used to synchronise radio frames within neighbouring cells in order to minimise cells cross-interference, to allow frame wise hopping mechanisms among cells (e.g. Cell Parameter Cycling according to reference [12]) and to make procedures involving more cells (e.g. handover) easier and more efficient;

-
Timing advance that is used between UE and UTRAN in order to minimise UE-cell interference. In the 1.28 Mcps TDD option, timing advance is provided by uplink synchronisation.

4.6
Time Alignment Handling

The Time Alignment Handling procedure over Iu relates to the control of DL transmission timing in the CN nodes in order to minimise the buffer delay in SRNC. This procedure is controlled by SRNC.

4.7
Uplink Synchronisation

In 1.28Mpcs TDD Uplink Synchronisation is performed at Layer 1 for PRACH and uplink DPCH. This procedure includes the establishment of UL synchronisation and maintenance of the UL synchronisation.

7
Transport Channel Synchronisation

7.1
General

The Transport Channel (or L2) synchronisation provides a L2 common frame numbering between UTRAN and UE (frame synchronisation between the L2 entities). This frame number is the Connection Frame Number (CFN) and it is associated at L2 to every TBS and passed to L1: the same CFN is received on the peer side associated with the same TBS.

The CFN is not transmitted in the air interface for each TBS, but is mapped by L1 to the SFN of the first radio frame used for the transmission of the TBS (the SFN is broadcast at L1 in the BCH). The mapping is performed via the Frame Offset parameters (see Figure 8).
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Figure 8: Transport Channel Synchronisation

This transport channel synchronisation mechanism is valid for all downlink transport channels.

In case of soft handover (i.e. only for DCHs), the Frame Offsets of the different radio links are selected in order to have a timed transmission of the diversity branches on the air interface (see Figure 9).
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Figure 9: [FDD - Transport Channel Synchronisation during soft handover]

7.2
Timing adjustment and Time of Arrival monitoring on Iub/Iur interfaces

A receiving window is configured in Node B at Transport bearer Setup and Reconfiguration for DL frames (TOAWS and TOAWE). The purpose is to make it possible to supervise whether data frames are received in the window or not. When a frame is received outside that window, a response is sent to RNC by means of a TIMING ADJUSTMENT control frame containing the Time of Arrival information (TOA)(see Figure 10 and Figure 11). This allow the L1 to indicate to L2 (through the L1-MAC primitive carried by the TIMING ADJUSTMENT control frame) the necessity to adjust the timing of the DL transmission, in order to control and minimise the transmission delay and the buffering time for the transmission on the air interface (i.e. to ensure that the TBS does not arrive too much in advance respect to the transmission time).


[image: image4.wmf] 

T

 

proc

 

150

 

149

 

DL RADIO FRAMES

 

151

 

152

 

Early

 

t

 

DL DATA FRAME #152 received:

 

OK

 

Too late

 

LTOA

 

Late

 

Receiving Window

 

TO

AWS

 

TOAWE

 

Positive TOA

 

Negative TOA

 

TOA

 

Time Of Arrival

 

LTOA

 

Latest Time Of Arrival

 

TOAWS

 

TOA Window Startpoint 

 

TOAWE

 

TOA Window Endpoint

 

T

 

proc

 

Processing time before transmission on

 

air

-

interface

 

CFN

 

SFN

 

149

 

150

 

151

 

152

 

153

 

1635

 

1636

 

1637

 

1638

 

1639

 

Frame

 

Offset

 

[FDD 

-

 Note: in this figure it is assumed that Chip Offset = 0]

 


Figure 10: Illustration of TOAWS, TOAWE, LTOA and TOA

The window could be defined to have a margin before LTOA (TOAWE >0). This is to indicate to RNC that data frames are a bit late but they are still processed by Node B. In this case, data frames are received after TOAWE but before LTOA.

Using this window definition and supervising method, it is possible to determine the correct timing for sending data frames from the RNC over Iur/ Iub.

The window size and position is chosen with respect to expected data frame delay variation and different macro‑diversity leg delays.
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Figure 11: Timing Adjustment Procedure

In order to monitor the TOA when no DL DATA FRAMES are sent, a synchronisation procedure is defined in the Iub/Iur frame protocols ([4],[5]). This procedure makes use of UL and DL SYNCHRONISATION control frames (see Figure 12 and Figure 13). The SRNC sends DL SYNCHRONISATION control frame containing the CFN in which the control frame should be received by the Node B. When the Node B receives the DL SYNCHRONISATION control frame, it always replies with an UL SYNCHRONISATION control frame containing the TOA, even if the DL SYNCHRONISATION control frame is received within the receiving window as in Figure 12.
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Figure 12: TOA monitoring through Frame Protocol Synchronisation Procedure (TOA > 0)
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Figure 13: TOA monitoring through Frame Protocol Synchronisation Procedure (TOA < 0)

In case of macrodiversity with recombining in the DRNC, the DL SYNCHRONISATION control frame is duplicated in the DRNC on the different links, while the UL SYNCHRONISATION control frames received from all the Node B's are forwarded transparently to the SRNC (see Figure 14).
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Figure 14: [FDD - TOA monitoring through FP Synchronisation Procedure during soft handover with selection/recombining in the DRNC]

Once the SRNC receives the two UL SYNCHRONISATION control frames containing TOA1 and TOA2, it may consider either TOA1 or TOA2 to advance or delay DL transmission (see Table 1).

Table 1
	Relation between TOA1 and TOA2
	TAO considered and action performed by the SRNC

	TOA1 < TOA2 < 0
	TOA1 may be considered to advance DL transmission

	TOA2 < TOA1 < 0
	TOA2 may be considered to advance DL transmission

	TOA1 < 0, TOA2 > 0
	TOA1 may be considered to advance DL transmission

	TOA2 < 0, TOA1 > 0
	TOA2 may be considered to advance DL transmission

	TOA1 > TOA2 > 0
	TOA2 may be considered to delay DL transmission

	TOA2 > TOA1 > 0
	TOA1 may be considered to delay DL transmission
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