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This contribution is a revision of contribution R3-9698 ("Proposed revision of TS 25.40, section 9", source Siemens/Italtel).

R3-9698 proposes a restructuring of the synchronisation chapter in UTRAN. This paper proposes further editing on this chapter, that mainly consists in:

· Remove text related to air interface ciphering

· Remove text related to Physical Layer synchronisation (keep only reference to the relevant document)

· Move the text explaining on how the frame synchronisation is achieved and maintained (timing adjustment) in the Frame Protocol document Specification. A sentence is added to explain that those functionality are provided by the frame protocol.

Revision marks reflect changes respect to R3-99698.

9 Synchronisation

This section describes a number of synchronisation aspects grouped into two groups: Clocks & Timing References  and Frame Synchronisation.
The Frame synchronisation  refers to all the aspects related to the synchronous transmission of user data frames in the UTRAN and on Uu, while the Clock and Timing References covers all the remaining aspects.
Clocks & Timing References
Network Synchronisation, section  9.1


Node Synchronisation, section  9.2


Time-of-day handling, section  9.3

Frame synchronisation
Radio Frame Synchronisation  9.4


Transport channel Frame Synchronisation  9.5


Time Alignment handling  9.6




· 

· 
· 
[Note: The text above is moved in the correspondent sections below]

· 
· 
· 
[Note: The text above is moved in the correspondent sections]

· 
[ Note: Bullet above is removed: Ciphering handling is not in WG3 scope, as the frame number used by ciphering is not necessarily related to radio frames (ex: RLC counter). ]
The Frame Synchronisation aspects defined above are summarised in the Frame Synchronisation Model of Figure 1. The Synchronisation model includes nodes and interactions in UTRAN as well as points at interactions to Core Network (CN) and User Equipment (UE). 
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Figure  AUTONUM  Frame Synchronisation model. Ciphering handling is out of the scope of WG3.
9.1 

9.2 Network Synchronisation

Network Synchronisation is related to the stability of the clocks in the UTRAN. The standard will specify the performance requirements on the radio and UTRAN internal interfaces.

Editor's note : The short-term stability (e.g. over a symbol or frame) of the Node B transmitter is an issue for the L1 EG.

 This section is FFS.

9.3 Node Synchronisation

Node Synchronisation describes how a common timing reference can be achieved between the UTRAN nodes.

Since it is desired to avoid dependence to an external system to provide Node Synchronisation, a specific solutions for UTRAN is needed. If the Network Synchronisation is very good, the drift between different nodes is slow, but will occur. Therefore, some kind of protocols over Iur and Iub need to be specified to detect and correct a possible misalignment of the Node Synchronisation. The needed accuracy need to be identified.

The architecture may have several solutions: separate synchronisation node, hierarchical synchronisation relation between RNCs and RNC-Node B, mutual synchronisation between RNCs etc.

Positioning / Localisation functions may also set requirements on this Node Synchronisation.
[TDD - Node Synchronisation and Frame synchronisation are used within neighbouring cells to minimise cross-interference (Node B-Node B, UE-UE, Node B-UE cross-interferences) ].

9.4 Time-of-day 

Time-of-day handling  is used for OAM functions like radio network event time-stamping. A prerequisite for Time-of-day handling is Network synchronisation of UTRAN and CN nodes. 

This function is FFS.

9.5 

9.6 Radio Frame Synchronisation

[Note: this chapter shall refer to L1 document, where the radio frame synchronisation is described]

Radio Frames synchronisation is needed to establish the correct timing for the transmission of the radio frames in the physical channels.

Radio frames synchronisation for FDD is described in [3], and requires that some L1 parameters are transmitted by the Iub/Iur L3 signalling (see [3] for  the definitions).
[Note: The only parameters up to now identified to be transmitted in the UTRAN interfaces is Tm (referred to as Chip Offset) and Tcell, for FDD mode only. See [3] for the definitions.]

· 
· 
· 
· 
· 
· 
· 











9.6.1 

9.7  Transport Channel Frame Synchronisation

Transport Channel Frame Synchronisation (on Iub and Iur) is used to provide a common frame reference among UE, Node B(s) and SRNC for a specific transport channel. 
This is needed order to:

1. In DL, to guarantee that the TBS delivered by RNC are inserted by the Node B(s) in the radio frame that has been scheduled by the MAC layer
2. In UL, in case of Soft handover, to guarantee that the same frames are combined by the MDC unit in SRNC or DRNC.
Th common frame numbering between UE and SRNC is also required by air interface functionality as the MAC ciphering and the synchronised L1/L2 reconfiguration..

A requirement for the Transport channel Frame Synchronisation mechanism is to minimise the transmission delay.

The definition of the Transport channel Frame Synchronisation algorithm must consider the following aspects and problems:

· 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.

· Delay budget from reception at RNC to transmission from Node B. The specification may need to consider some requirements on the different nodes processing delay.

[Note: the bullet list with the requirements may be removed]

The Transport Channel Frame Synchronisation procedure is based on the following assumptions and principles:

· each Node B (covering N cells, where N (1) has a Reference Frame Number (RFN) which counts from 0 to 71 in Radio Frame intervals (see also Error! Reference source not found.); 

· each cell has a Frame Number (Cell FN) which counts from 0 to 71 in Radio Frame intervals (the offset between Cell FN and RFN, if any, is constant) (see also Error! Reference source not found.);

· the Cell FN is broadcast on the BCCH;

· each UE during the establishment of a RRC connection acts as a master and sets its own CFN of the same range of the FNCELL (0..71);

· for each RRC connection the SRNC has a Connection Frame Number (CFN) which counts from 0 to 71 in Radio Frame intervals. CFN in the UE and in the SRNC (for the same RRC connection) must be as much as possible alligned. 
· the CFN is  used to stamp the downlink DCH Data Frames transmitted either on the Iub or on the Iur. 

· in order to ensure that DL DCH Data Frames belonging to the same Radio Link are received in time at the node B for parallel L1 processing, the SRNC anticipates the transmission on Iur/Iub. The same approach is used when the UE is in macrodiversity in order to ensure that DL DCH Data Frames containing the same TBS 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 (DL DCH Offset).should be about the maximum  downlink transfer delay. 

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

· the Cell FN is used to determine the stamp (CFN) for UL DCH Data Frames transmitted on the Iub and Iur. 

· in case of macrodiversity, the RNC where selection/recombining takes place uses frame stamps (CFNs) of UL DCH Data Frames in order to combine correct frames.

Note that in FDD this further assumption is taken.

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

Furthermore no assumptions have been made on the values of the Cell Frame Number. The following alternatives are possible:

· each cell has an independent Cell FN;

· Cell FN is unique inside each Node B (Cell FN = RFN);

· Cell FN is unique inside each RNS;

· Cell FN is unique in  a PLMN.

The described principles for frame stamping and uplink/downlink offsets handling are shown in Error! Reference source not found.
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Figure  AUTONUM  DCH Data Frame stamping and uplink/downlink offsets handling

DCH Offset values could be predefined in the system but could also be refined during operation. DCH Offset values are handled in RNC only. Refining the DL DCH Offset values requires Iub signalling from Node Bs to RNC and contains the Frames discard rate and the Frames received too early rate in Node Bs. Refining the UL DCH Offset values requires no Iub signalling (RNC internal only).

Note that delay requirement for Voice is hard to fulfil. Therefore, Voice is transferred over the transport network using a Quality of Service (QoS) that has short buffers compared with e.g. packet data. This means that the DCH Offset values for DCH supporting a speech service could be shorter than those for packet data in order to have a chance to fulfil the Voice delay requirements.

In the following the parameters mentioned in section Error! Reference source not found. are defined in detail.

Cell Frame Number (Cell FN)

Each cell 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 RAN WG1)

Connection Frame Number (CFN)

Connection Frame Number is UE specific Frame number indicating a given Uu interface frame related to data transmission between UE and SRNC. Range of CFN is 0-71. The UE (acting as a master) sets its own CFN of the same range of the FNCELL (0..71).

The cycle of the CFN is selected to be equal to the cycle of the FNCELL, and will change if the latter changes. In FDD the CFN is synchronous with the received DPDCH/DPCCH (see Error! Reference source not found.).
Offset between CFN and Cell FN (OFF)

The difference between the CFN of each UE and the FNCELL  is known both by the UE and by the node B.

 OFFj = CFN UE - FNCELL- j
If the network already knows the relation between the different Cell FN, then the UE does not need to report the OFF. Otherwise a mechanism in the RRC protocol must be provided to report the value of OFF at RRC connection establishment and (for FDD) each time a new branch is added.

9.7.1 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 DCH Data Frame carrying the TBS.

CFN = FNCELL- j + OFFj   (modulo 72)

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

In downlink transmission, SRNC numbers the DL TBS with the connection specific CFN in the Iur/Iub DCH 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 (DL DCH Offset) should be about the maximum downlink transfer delay. The exact time when SRNC shall transmit the DL Iub/Iur DCH Data Frame in the queue for transmission with the TBS and a specific CFN is obtained  using the relevant procedures of the User plane frame protocols.
Note : It is FFS if additional functionality should be introduced to improve the initial setting of DL DCH Offset values. (e.g. some background protocols).


Every cell transmits the TBS starting from:

FNCELL- j = CFN - OFFj

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  DCH Data Frame synchronisation. HFN (Hyper Frame Number) is defined in [ 25.301] and it is not in the scope of WG3.
9.7.1.1 


Note : In case of speech connection with vocoder in CN, a frequent time adjustment shall be prevented in order to avid frame-slips. This is done setting a margin in the uplink/downlink link offset as shown in the next subchapter.
Note: previous paragraph to be  moved in 25.427


9.7.1.2 Initial synchronisation of the first dedicated branch

Note: section to be moved in 25.427

The CFN and FNCELL of the cell into which the RRC connection setup request was sent are synchronised (the CFN is set in UE to the same cycle as the FNCELL). SRNC estimates the timing to send the first DL control frame, with a given CFN, in the new user plane. The correct DL transmission time is estimated by the SRNC (or a predefined value is used) taking into account the assumed transmission and processing delays in the UTRAN. Timing adjustment procedure on the control frames stream is then used to converge to the exact timing. In case of connection using transcoder in the CN, a margin can (shall) be added to both the DL and UL DCH Offsets in order to face possible variation of the transmission delay in the interfaces without causing frame slips. Margin in DL is created delaying/buffering DL data in RNC before sending the frames to the Node B, while margin in UL is created delaying/buffering the UL data before sending the transcoder frame to the CN.

Note : It is FFS if additional functionality should be introduced to improve the initial setting of DL offset values. (e.g. some background protocols)  

9.7.1.3 Initial synchronisation of a additional soft handover branches

Note: section to be moved in 25.427

The initial synchronisation of a new branch is achieved using the timing adjustment procedure described above and applied to the Iub/Iur frames that are sent before the beginning of the DL data transmission in the new Uu port. The initial timing assumed by SRNC can be the timing used for the existing branch(es).

If the transmission delay for the new branch is higher that in the existing ones, the timing advance request from Node B can be fulfilled using increasing the UL and DL margin, if any (e.g. in case of connection using transcoder in the CN).

Note : It is FFS if additional functionality should be introduced to improve the initial setting of DL offset values. (e.g. some background protocols)  

9.7.2 Maintaining offset

UE measures the offset also in the active Radio Links, and if changed, reports the new value to the UTRAN.
9.7.3 Synchronisation of L1 configuration changes

When a synchronised L1 configuration change shall be made, the SRNC commands the related node B's to prepare for the change. When preparations are completed and SRNC informed, serving RNC decides appropriate change time. SRNC tells the CFN for the change by a suitable RRC message. The node B's are informed the CFN by NBAP Channel reconfiguration messages and/or RNSAP Radio Link Reconfiguration messages.

At indicated switch time UE and node B's change the L1 configuration.

9.8 Time Alignment handling

Time Alignment handling: it is the functionality to adapt to 10 ms framing (or to unit length e.g. 20 ms) i.e. to send and receive Data Frames ‘just-in-time’ and thus minimizing the delay. Time Alignment is an issue between Vocoders and the Diversity handover unit (DHO) in RNC. Time Alignment could also be used for circuit switched services like data.

This section is FFS.

9.8.1 
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