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1. Introduction
In the S-EDCH system the orthogonality is achieved by introducing the common scrambling code and separation of the users by OVSF codes. Therefore it is important to keep signals incoming at the NB aligned.
In this document in section 2 we describe the requirements for the synchronisation needed to preserve the UL orthogonality. Section 3 summarises the basic synchronisation and synchronisation maintenance procedure, as described in TR 25.854. Section 4 presents shortly the procedure which may be applied in the S-EDCH. Finally, section 5 lists open issues and possible enhancements in the synchronisation procedure which allows UL synchronisation and usage of the UL common scrambling code already in the cell_RACH and/or cell_FACH states.

2. General requirements for synchronisation
To establish and maintain the UL synchronisation we should consider following factors: 

· initial propagation delay,
· UE speed, and 

· propagation environment.
Initial propagation delay

Initial propagation delay can be easy obtained from the PRACH Propagation Delay measured as described in TS 25.215.  The required timing corrections may be sent to the UE via the higher layer signalling. its accuracy will depend on the resolution for the PRACH propagation delay reporting.
Impact of UE speed on the link synchronisation
To consider the effect of the motion of the mobile on synchronization, it is helpful to consider an example. At a rate of 100 km/h, the mobile is moving about 27.7 meters per second. During an interval of, say, 200 milliseconds, the change in timing due to the motion of the mobile is about 18 nanoseconds. This is obviously much smaller than the chip duration. Hence, adjusting the mobile timing in steps of 1/8th chip at a signaling interval of 200 milliseconds will obviously track timing changes due to motion of the mobile even at much higher speeds (see [2])
Impact of the propagation environment

In the mobile environment, the multi-path components may change both due to the motion of the mobile and over time due to motion of elements of the environment. These changes must also be tracked by the synchronous control signaling process. It may be expected that when there is a change of the rake finger, the timing adjustment will be less than 16us and typically less than 1.5 us [2]. The synchronous signaling control process must thus be able to command step changes in transmission timing every few seconds of typically 1.5 us, but possibly up to 16 us, in this environment. For a typical timing change of 1.5 ms, an 1/8th chip tracking process with a 200 millisecond signaling rate would require many small step time alignment commands to be sent before the multipath component can be time aligned (synchronised). The typical tracking process is a one step command requesting the mobile to delay/advance its transmission by a small step (1/8 of a chip or ¼ of a chip).The extended signaling process would align the transmission timing at the start of the connection, track the shifting of the synchronized component due to motion and jump to a new component when there was a change in the major received multipath component at the base station receiver (see [2]).

3. Procedure proposed during the USTS SI
A two-step procedure for the synchronisation adjustments was considered during the USTS SI. The first step is “Initial synchronization” and the second is “Tracking process”.
· Initial synchronisation compensates the initial propagation delay by adjusting the UE transmission time according to the initial timing corrections given by higher layer signalling;
· Tracking process (Closed Loop Timing Control) compensates the synchronisation variations caused by the UE movement by adjusting the UE transmission time according to the Time Alignment Bit (TAB).
Initial synchronisation (as in TR 25.854, sec. 4.1.2)
First, UTRAN obtains the round trip propagation delay (RTPD) by doubling the value of PRACH Propagation Delay measured in TS 25.215 and sets the amount of adjustment for initial synchronisation (
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 delivered from UTRAN through FACH. Since 
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 is a given value and the same for all UEs in a cell, after initial synchronisation, the arrival in the Node B can be controlled to occur within 
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 due to 3 chip resolution for reporting PRACH Propagation delay. 
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Figure 1: DPCH arrival times from UEs in the Node B with/without USTS (4 UEs, Yellow: without USTS, Blue: with USTS)
Tracking process (as in 25.854, sec. 4.1.3)
For the Tracking process, which compensates the synchronisation variations caused by the UE movement, it was proposed to replace the TPC bits by Time Alignment Bits (TABs) every two frames (20 msec timing control interval) as shown on Figure 2. 
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Figure 2: stealing PC bits for the purpose of timing alignment maintenance
The procedure proposed during the USTS SI is as follows:
· Node B compares the received arrival time with the desired arrival time from UE every 200 msec;
· When the received arrival time is earlier than the desired arrival time at a Node B, Time Alignment Bit (TAB) is set to "0". When this is later than the desired arrival time, TAB = "1".

· TAB replaces the TPC bit in slot #14 in frames with CFN mod 2 = 0.

· At the UE, a number of Time Alignment Bits are combined over a 200 ms interval, which increases the reliability of the time alignment process. When the combined time alignment command is judged as "0", the transmission time shall be delayed by (T, whereas if it is judged as "1", the transmission time shall be advanced by (T, where (T is the timing control step size, whose minimum value depends on the oversampling rate.
As extension to the tracking process described above also an adaptive tracking scheme (with the TA step adaptively changed within the given range) was proposed. 

The adaptive tracking scheme after initial synchronisation changes the TAB command period and timing control step size to reduce the impact of coarse initial synchronisation due to 3 chip resolution at initial synchronisation phase. In other words, when a UE enters USTS mode it can adjusts its uplink transmission time with the timing control step bigger in size than that of the normal tracking process and the TAB command period shorter than that of the normal tracking process during initial several frames. 

Although not explicitly mentioned in TR 25.854, the adaptive tracking process may also be use to accommodate bigger variations in the UL synchronisation caused by the propagation environment.

4. Synchronisation & timing for S-EDCH 

According to the assumptions of the SI, the S-EDCH is intended for the UEs in the cell_DCH state.  It implies that every S-EDCH capable UE will access the network/service as the legacy UE and thereafter the S-EDCH specific synchronization will be performed. 

The following picture depicts such initial (not optimised) procedure, which allows for initial access for the sync-E-DCH capable user.
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Figure 3: message sequence for the initial synchronisation
· in the first phase, after the random access procedure, the user specific scrambling code is to be used and Uu-sync A procedure conducted,

· in the second phase, the S-EDCH specific initial synchronization will take place, still under the user specific scrambling code,

· in the next step, after obtaining the time alignment info from the network, the S-EDCH UE will switch to the cell specific scrambling code,

· in the 4th phase the (adaptive) tracking process will be applied. 

The initial synchronization and (adaptive) tracking process can be reused from the USTS SI. The channels supporting the procedure should be revised (introduction of EDCH between USTS SI and S-EDCH SI shall not be forgotten).
It is important to remember, that every S-EDCH capable UE will be able to operate the classical EDCH just after completing the Rel.7 Uu-sync-procedure. The S-EDCH specific UL synchronisation procedure (phase 2) may be operated in parallel to the classical Rel.7. Phase 3 indicates a moment of switching between the user specific and cell specific scrambling code.
5. Open issues
Synchronisation & CPC
PC bits used as TAB must be clearly recognisable i.e. must be send according to the fixed pattern. The alignment with the CPC gating pattern must be assured. TA bits must not fall in the CPC gap; however, the TP bits also have to be sent after the CPC gap and therefore some extension of the gating pattern may be needed. It must be noted, that after a long CPC gap (longer then 20ms) a one-step TA procedure may not be enough to achieve a required synchronisation, for this purpose the adaptive tracking process will be more suitable.

Obtaining the initial synchronisation during the RACH procedure

Although the S-EDCH SI was intended to improve the UL throughput for the EDCH users being in the cell_DCH state, one may consider starting the S-EDCH specific synchronization earlier – already during the random access procedure. 
Nowadays the RACH preamble is send on the cell specific scrambling code, users are separated only by the signature, additionally, the RACH message part is not fast power controlled. Using part of the RACH procedure for the S-EDCH specific synchronization could enable quicker synchronization or even synchronized transmission of the RACH message parts from the different users. This – apart of fastest enabling of the S-EDCH transmission – may lower the interference caused by the RACHs in the cell.

6. Summary
In this document we presented the requirements for the UL synchronisation needed to operate the S-EDCH and proposed the way how it could be achieved. In general, the synchronisation procedure could consists of three parts:
· initial synchronisation with the synchronisation step depending on the RTT for the given user and send via the dedicated DL signalling,

· tracking process with the fixed timing adjustment step to accommodate the user movement, send every 20ms,

· adaptive tracking process send e.g. on demand with the bigger timing adjustment step to reduce the impact of coarse initial synchronisation and the impact of the path change.
Using a 1/8th chip tracking step a very fine UL synchronisation of the S-EDCH users is possible. A LL simulation campaign was performed to study the impact of the not ideal synchronisation on the capacity (see [4]).
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