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1 Introduction

The WG1 specification 25.211 [2] contains a timing diagram that ‘delays’ DPCH on increasing Offsets (Frame_offset and Chip_offset). 

The WG3 specification 25.402 [1] contains an “FDD Radio Interface Synchronisation timing diagram” which reflects the equation (next to the “Frame_offset” definition) “CFN = SFN + Frame_offset” which is not in line with the WG1 specification. It is proposed to align the L3 specification according to the L1 specification.

2 Discussion

This equation makes the initial DPCH ‘advanced’ instead of ‘delayed’ as DOFF has a range from 0 to almost 80 ms. DPCH can’t be delayed initially (when entering dedicated channel state from common channel state). Further, an increasing offset makes the DPCH to move leftwards in the timing diagram, ‘advanced’ instead of ‘delayed’.

It could be considered more natural if channels of different kind in the standard are delayed with increasing offset value instead of ‘advanced’. 
Examples: In L3: Tcell, Frame_offset and Chip_offset plus in L1: DPCH and S-CCPCH). 
The only exception from that rule is the above mentioned equation. 

It is therefore proposed to change the sign in the above-mentioned equation from a plus‑sign to a minus‑sign and by that getting the equation: “CFN = SFN - Frame_offset”.

This change makes the proposed timing diagram in 25.402 in line with the Layer 1 specification [2] and in line with what people would expect. 

3 Proposals

The proposal is to change the sign in the equations (1) and (2) at the Frame_offset definition in chapter 8 in TS 25.402 [1] in order to reflect a delay of DPCH on increasing Frame_offset instead of being ‘advanced’. 

It is proposed that the new equations look like (the sign is changed): 

SFN = (CFN + Frame_offset) mod 256 frames
(from L2 to L1)
(1)

CFN = (SFN - Frame_offset) mod 256 frames
(from L1 to L2)
(2)

As a result of this proposal:

· A new “FDD Radio Interface Synchronisation timing diagram” with belonging text to reflect the ‘sign change’ are proposed for chapter 11.2.

· The equations in chapter 12.3 needs to be updated.

3.1 Updated chapter “11.2     FDD Radio Interface Synchronisation”
The new chapter 11.2 is presented below with changed text underlined (deleted text just deleted). The timing diagram is rewritten to reflect the sign change in the above equations. 

11.2
FDD Radio Interface Synchronisation 

FDD Radio Interface Synchronisation assures that UE gets the correct frames when received from several cells. The UE measures the Timing difference between its DPCH and SFN in the target cell when doing handover and reports it to SRNC. SRNC sends this Time difference value in two parameters Frame_offset and Chip_offset over Iub to Node B. Node B rounds this value to the closest 256 chip boundary in order to get DL orthogonality (regardless of used spreading factor). The rounded value is used in Node B for the DL DPCH. 

DOFF is selected by the SRNC considering the interleaving period (e.g. 10, 20, 40 or 80ms) when entering in dedicated state from common channel state 

Services are scheduled by using DOFF in order to average out the Iub traffic load and the Node B processing load.  DOFF is only used when setting up the first RL in order to initialise Frame_offset and Chip_offset and to tell UE when frames are expected.

UE uses the UL DPCH as it is a more defined time instant than the DL DPCH as the fingers of the Rake receiver move all the time due to time-dispersion.

The handover reference is the time instant TUETx -To, which is called DL DPCHnom in the timing diagram. 

Tcell is used skew cells in the same Node B in order to not get colliding SCH bursts, one SCH burst is 1/10 of a slot time. 

The timing diagram shows an example with two cells connected to one UE where handover is done from source cell (Cell 1) to target cell (Cell 2). 
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Figure 8: FDD Radio Interface Synchronisation timing diagram

SFN1 is found in Cell 1 at Node B1 and SFN2 at Cell 2 and Node B2. SFN1 is sent T_cell1 after the Node B1 reference BFN1. CFN is the frame numbering that is related to each DL and UL Dedicated Physical Channel (DPCH). UL DPCH is sent from UE to both Cells (both Node B’s in this example). UL DPCH at Node B2 is shown to indicate the difference to the DL DPCH2 at Node B2. 

The new RL (DL DPCH2) which is setup at the HO will face some deviation from nominal position due to the rounding of Frame_offset and Chip_offset to 256 chip boundary in Node B. Also Time dispersion, Node B-UE frequency drift and UE movement affects this phase deviation.

The nominal DL DPCH timing at UE is To before the TUETX time instant, which could be expressed:

DL DPCHnom = TUETX -To
(11.1)

In UE dedicated state, OFF and Tm are measured at UE according to the following equation:

OFF + Tm = (SFNtarget –DL DPCHnom) mod 256 frames [chips]
(11.2)

Note: OFF has the unit Frames and Tm the unit Chips.

Example: assume that OFF + Tm equals “3.3300” frames (as given as an example in Figure 8). 
Then OFF = 3 and Tm = “0.33” which corresponds to Tm = 12672 chips. 

In other words (referring to the timing diagram in Figure 8):

· How to determine Tm at UE: Select a time instant 1) where frame N starts at DL SFN2 e.g. frame number 3, the time from that time instant to the next frame border of DL DPCHnom 2) equals Tm 
(if these are in phase with each other, Tm is zero). 

· How to determine OFF: The difference between the frame number selected for time instant 1) and the frame number starting at instant 2) mod 256 frames equals OFF. 
Example: (3 –0) mod 256 = 3, another example is (1 –254) mod 256 = 3. 

3.2 Updated Chapter “12.3     Calculations performed in the UE” 

The new chapter 12.3 is presented below with changed equations, and some text, underlined (the Offsets sign are changed). 

12.3 Calculations performed in the UE

12.3.1     First RL

In FDD, based on the received DOFF and the SFN of the cell in which the UE is camping,  the UE can calculate the CFN with the following formula:

CFN = ((SFN*38400 – DOFF*512) div 38400) mod 256 frames
(12.4)

In TDD the CFN is initialised with the value:

CFN = SFN mod 256 
(12.5)

Note: in case the UE is coming from another RAN, the SFN is not the SFN from the camping cell but the SFN from the reference cell. In this case the OFF is set to 0.

12.3.2     Additional RL’s or UE moves into a new cell

As long as the UE has one or more RL’s established, the CFN will be increased (mod 256) by 1 every frame. Normally no special corrections are needed when moving from one cell to the other.

However every time the UE enters a new cell, a target cell, OFF might have to be reported. Tm is always reported. The target cell OFF is calculated using the following formula:

OFFtarget + Tmtarget= (SFNtarget -CFN) mod 256 frames
(12.6)

OFF is calculated as the integer number of frames, Tm is the Frame fractional part with the unit chips.

4 References

[1] TS 25.402, V0.1.0, Synchronisation in UTRAN, Stage 2.

[2] TS.25.211, V3.0.0, Physical channels and mapping of 
transport channels onto physical channels (FDD).
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