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9 Synchronisation

[no changes]

9.1 SYNCHRONISATION MODEL

[no changes]

9.2 Network Synchronisation

[no changes]

9.3 Radio interface synchronisation

This section firstly defines some physical channel timing parameters that are necessary for the radio interface synchronisation. See [3] for more details. Then the radio interface synchronisation procedure is described.

The following assumptions are considered:

· a Node B covers N cells, where N (1;

· each Node B has a Reference Frame Number (RFN) which counts from 0 to M-1 in Radio Frame intervals; 

· each cell has a Frame Number (FN) which counts from 0 to 71  in Radio Frame intervals; 

· the cell FN is broadcasted on the BCH;

· cells are asynchronous among each others (Primary CCPCH are not synchronised).

Note : No assumptions have been made on the values of the Frame Number. The following alternatives are possible:

· each cell has an independent FN;

· FN is unique inside each Node B;

· FN is unique inside each RNS;

· FN is unique in  a PLMN.
The physical channel timing parameters in a soft handover situation including two cells belonging to two different Nodes B (Cell i belonging to Node B1 and Cell j belonging Node B2) are described below and shown in Figure 1.
· Tp: Propagation delay between cell and UE.

· Tcell: This timing offset is used for the frame timing of SCH, Primary CCPCH and the starting phase of all down link Scrambling Codes in a cell.  The main purpose is to avoid having overlapping SCHs in different cells belonging to the same Node B. The range is [0..1 slot).
· Td: This timing offset is used for the frame timing of DPCHs and Secondary CCPCHs. It can be individually set up for each DPCH and Secondary CCPCH. The Td values for the latter may be broadcast on BCCH, or known a-priori. Td ranges from 0 to 159*256 chips, the granularity is 256 chips in order to preserve downlink orthogonality. The purpose of  Td is:

· In an originating/terminating cell, to distribute discontinuous transmission periods in time, and also to distribute Node B-RNC transmission traffic in time.  

· At soft handover, to synchronise down link DPCHs to the same UE, in order to minimise the buffering requirements at the UE. 

 
Tm: This value is measured by the UE and reported to the RNC prior to soft handover. The RNC can then notify this value to the target cell, which then knows how to set Td to achieve proper reception and transmission frame timing of the dedicated physical channel. The range is [0..1 frame).
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Figure  AUTONUM  Physical channel timing parameters

The UE in active mode continuously searches for new cells on the current carrier frequency. 

From the cell-search procedure, the UE knows the frame offset (Tm) between the optimum time to receive the earliest path of a DPCH from the target cell and the earliest path of the Primary CCPCH received from the target cell (see Figure 1.). The optimum time to receive the earliest path of a DPCH which is added to the active set is To before the UE transmits an UL DPCH frame, i.e. it coincides with the CFN frame timing.
When a soft handover is to take place, this offset (Tm) is used to calculate the required frame offset (Td,j) [Td,j = Tm rounded to a 256 chips boundary] between the DPDCH/DPCCH and the Primary CCPCH of the destination cell, i.e. the cell to be added to the active set (see Figure 2.). Td,j is calculated from Tm as follows: Td,j = (n*256 chips) mod 1 frame, where n is chosen such that 256*(n–0.5) chips ( Tm < 256*(n+0.5) chips.
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Figure  AUTONUM  Radio interface downlink synchronisation (1)


 
The overall radio interface downlink synchronisation mechanism is shown in Figure 3.
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Figure  AUTONUM  Radio interface downlink synchronisation (2)
9.3.1 Adjustments of Td During Connection

After initial link establishment, the cell transmits the DPCH with a frame timing offset Td after the Primary CCPCH. The UE frame clock alignes its CFN frame to the first received path of the DPCH to which it has established connection. Further CFN timing alignments are not carried out during connection. Instead, drifts between the UE’s CFN clock and the time of arrivals of DPCH signals are corrected by means of Td alignment procedures:

The UE monitores the TOAs of the DPCHs in its active set. If the time of arrival (TOA) of the first received path of  a certain DPCH falls outside the time intervall [TTX,UL – To – (To; TTX,UL – To + (To], then the UE sends a corresponding Td adjustment command to the UTRAN. TTX,UL is the time at which the UE transmits an uplink DPCH frame and (To = 128 chips + 5µs = 36.25 µs. The Td adjustment command indicates the cell ID and the direction in which Td  shall be adjusted. The SRNC then initiates a synchronised L1 reconfiguration procedure (see 9.4.9) to in- or decrease the respective Td by +/‑ 256 chips.

Note: If this procedure entails a change of Td  from 40704 chips to 0 chips, then the corresponding OFF value (see 9.4.3) is decreased by 1 modulo 72 inside SRNC and NodeB. Likewise, if Td  is changed from 0 chips to 40704 chips, then the corresponding OFF value is increased by 1 modulo 72. 
9.4 [FDD — Frame Synchronisation]

Note : This whole section is applicable to FDD mode only.

The methods for Frame Synchronisation describe how data units transmitted in radio frames over different macrodiversity branches can be combined in the receiver, while minimising the delay for the radio access bearer service.  

Editor's note: The L1 EG has described how the radio frame transmission timing in two different cells can be set in order for the UE to receive the frames synchronously. What remains is to make sure the same data is transmitted in a given radio frame (avoiding combining of radio frames with different data contents in the UE) and how the same two data units are combined in the RNC. Questions to consider include:

Different (possibly unknown) delays on the AAL2 connections over Iur / Iub to different Node B’s

Numbering of data units over Iur/Iub to relate them to certain radio frames

How to achieve initial numbering for an RRC connection and in a Node B at Radio Link / Branch Addition

Varying delay: buffer with margins or adapt to adjust delay?

Relation to a time alignment protocol over Iu for minimising the roundtrip delay for e.g. a speech service.

Furthermore, the specifications may need to consider a delay budget from reception at RNC to transmission from Node B, and include some requirements on the different nodes processing delay.

9.4.1 General principles for frame synchronisation

The general principles for Frame Synchronisation are the following :

· each RNC has a Frame Number which count from 0 to M-1 in Radio Frame.

· The RNC Frame Number is  used to determine the stamp for downlink DCH Data Stream Frames transmitted either on the Iub or on the Iur. 

· In order to ensure that DCH Data Stream Frames containing the same data are received by all the involved cells in time to be transmitted synchronously to the UE, the SRNC anticipates the transmission on each macrodiversity branch. This timing advance should be about the maximum  downlink transfer delay (Downlink Offset).

· DCH Data Stream Frames that are not received in time to be transmitted synchronously to the UE are discarded.

· The cell FN is used to determine the stamp for uplink DCH Data Stream Frames transmitted on the Iub and Iur (in some proposals the Cell Frame Number is used to stamp uplink DCH Data Stream Frames). 

· The RNC where selection/recombining takes place uses frame stamps of uplink DCH Data Stream Frames in order to combine correct frames.

These principles are shown in Figure 4.
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Figure  AUTONUM  Frame stamping and uplink/downlink offsets handling
9.4.2 UE Frame Number definition

A cell in WCDMA system has its own specific frame numbering (FNCELL), broadcast in the BCCH. FNCELL of different Cells are not synchronised. The range of this frame number is 0-71, and one cycle lasts 720 ms (this is the current assumption in the SMG2-UMTS L1 EG)

The UE (acting as a master) sets its own reference for frame numbering (UEFN, UE Frame Number), composed by at least a Connection Frame Number (CFN) of the same range of the FNCELL (0..71).

Note: The cycle of the CFN is selected to be equal to the cycle of the FNCELL, and will change if the latter changes. Furthermore, the CFN is synchronous with the received DPDCH/DPCCH.

9.4.3 CFN-CELL FN Offset 

Let’s consider the case of a UE connected to Cell i belonging to Node B1, that is entering in soft handover with Cell j belonging Node B2.

From the cell-search procedure, the UE knows the frame offset (Tm) between the Primary CCPCH frame-timing received from the target cell and the earliest received existing DPCH path.

Furthermore, the UE measures the difference between its own CFN and the FNCELL broadcast by the target cell:

 OFFj = CFN UE - FNCELL- j   (modulo 72)
When a soft handover is to take place, this offset (Tm) is used to calculate the required frame offset (Td,j) [Td,j = Tm rounded to a 256 chips boundary] between the DPDCH/DPCCH and the Primary CCPCH of the destination cell, i.e. the cell to be added to the active set. Td,j is calculated from Tm as follows: Td,j = (n*256 chips) mod 1 frame, where n is chosen such that n*256 chips – 128 chips ( Tm ( n*256 chips + 127 chips.
Both Tm and OFFj  are included sent by the UE to UTRAN before the soft handover. The use of offset OFFj  is explained in Section 9.4.4. Note: The OFFj value shoud be compliant with Td,j rather than Tm. This is important for the case that Tm ([40832 chips; 40959 chips], which results in Td,j = 0 chips (see also 9.4.4).
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Figure  AUTONUM  Offsets among Frame Counters

Note : If the network already knows the relation between the different FNCELL, then the UE does not need to report the OFF.

9.4.4 Use of frame numbers in uplink and downlink transmission

In UL transmission, each Node-B receiving the TBS calculates the corresponding CFN based on known FNCELL  and OFF, and includes it in the header of the Iub/Iur data frame carrying the TBS.

CFN = FNCELL- j + OFFj   (modulo 72)

The MDC unit in SRNC (and optionally in DRNC) combines uplink TBS with the same CFN.

If the UEFN is used for encryption, UE ciphers the UL transport block sets (TBS) accordingly to the UEFN of the first frames used for their transmission. SRNC deciphers them with the same UEFN.

In downlink transmission, SRNC numbers the DL TBS with the connection specific CFN in the Iur/Iub data frame header. 

In order to ensure that TBS containing the same data are received by all the involved cells in time to be transmitted synchronously to the UE, the SRNC anticipates the transmission on each macrodiversity branch. This timing advance should be about the maximum downlink transfer delay (Downlink Offset). The exact time when SRNC shall transmit the DL Iub/Iur frame in the queue for transmission with the TBS and a specific CFN is defined by a DL Offset handling procedure (see Section 9.4.5 Timing adjustment in Iub/Iur interfaces).

Every cell transmits the TBS starting from:

FNCELL- j = CFN - OFFj   (modulo 72)
Td,j is used to set the required frame offset between the DPDCH/DPCCH and the Primary CCPCH of cell j, so that the transmission on the air-interface is synchronised. Figure 13b illustrates the offset between the FNcell and the CFN at the Node B. A DPCH frame with CFN=X is transmitted OFF*10ms‑Td before FNcell takes on the value X.
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Figure 13b: Relation between CFN, FNCell and Td, illustrated for the Node B.
Example: OFFj=5 and Td,j=8 ms. A downlink transport block set, which is stamped with CFN=6, is transmitted on the air interface Td after FNCell has taken on the value CFN‑OFF = 6‑5 mod 72 = 1.

If the UEFN is used for encryption, SRNC ciphers the DL TBS accordingly to the UEFN (of the first frames to be used for their transmission).

Note that, due to the transmission and processing delay, SRNC receives the UL TBS with CFN = X after that the DL TBS with CFN = X has been sent.
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Figure  AUTONUM  UE-UTRAN synchronisation

9.4.5 Timing adjustment in Iub/Iur interfaces

[no changes]

9.4.6 Initial synchronisation of the first dedicated branch

 [no changes]

9.4.7 Initial synchronisation of a additional soft handover branches

[no changes]

9.4.8 Maintaining offset

[no changes]

9.4.9 Synchronisation of L1 configuration changes

[no changes]

9.5 Node Synchronisation

[no changes]
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