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1. Introduction

In USTS, the uplink synchronization procedure of UE is divided into two steps. One is an initial synchronisation of the uplink channel and the other is acquisition and maintenance of the exact uplink synchronisation. In the former step, UE uses Round Trip Propagation Delay (RTPD) for the uplink synchronisation with a resolution of 3 chips. In the latter step, a UE adjusts the exact synchronisation by using a Time Alignment Bit (TAB) command and a timing control step. 

In the current tracking scheme in [2], the 20 ms TAB command period which can be supported by replacing the TPC bit in slot #14 in frames with CFN mod 2 = 0 and timing control uni-step size of 1/4 chip during 200 ms (20 radio frames) are allowed. At receiving side, Node B compares the received arrival time with the desired arrival time from UE every 20 ms and only sets Time Alignment Bit (TAB) to “1” or “0” according to cases when the received arrival time is earlier or later than the desired one. On the other hand, at UE, a number of TABs are combined over a 200 ms interval. When the combined TABs is judged as “0”, the transmission time shall be delayed by 1/4 chip, whereas if judged as “1”, the transmission time shall be advanced by uni-step size, 1/4 chip.

The tracking scheme is supposed to obey the following principle as described in [1]:

· The UE shall be capable of changing the transmission timing according the received downlink DPCCH/DPDCH frame. The maximum amount of the timing change in one adjustment shall be ¼ Chip.
· The minimum adjustment rate shall be 233ns per second. The maximum adjustment rate shall be ¼ chip per 200ms. In particular, within any given 200 ms period, the UE transmit timing shall not change in excess of +-1/4 chip from the timing at the beginning of this 200ms period.
Under the current tracking scheme, there are possible structural mismatches between CFN and 200 ms fixed receiving interval. That is, CFN ranges from 0 to 255 with granularity of 10 ms and cannot help producing residual part less than 160 ms within the same CFN period. This induced residual part makes the start of TAB receiving at the UE more complex. Also, when the time difference between the measured arrival time and the desired arrival time is less than 1/8 chip, the current transmission time control scheme with 1/4 chip granularity may turn out more larger time difference at Node B which causes the loss of USTS gain.

In this paper, we suggest the new robust tracking methods which always support more smaller time differences between the measured arrival time and the desired arrival time at Node B, that is, almost synchronized uplink transmission environments for obtaining USTS gain. Also, we show that with the new adoption of the sliding window method, the suggested robust tracking methods may alleviate the computation burden in fixing the start point of the time interval for TAB receiving at the UE part. Finally, another uplink synchronization method which needs additional determination procedures at the Node B based on the time differences between the measured arrival time and the desired arrival time for uplink transmission control at the UE is proposed.

2. Discussion

The proposed robust tracking schemes keep the TAB command period as 20 ms but need the function enlargement of the UE such as the support of sliding window scheme, timing control step size adjustment and the decision state expansion with an additional state, “present stay”. 

Under the proposed robust tracking scheme, when a UE enters USTS mode, it can adjust its uplink transmission time with the flexible timing control step according to the prefixed size of sliding window and support “present stay” in which advance or delay in transmission time does not happen. Also, the TAB receiving error recovery at the UE can be expected by the configuration of determination law for transmission control. In the other proposed scheme, the determination function for “present stay” state based on the arrival time difference measurements shall be added to the Node B instead of to the UE. And any other functions the same as implemented in the above robust tracking scheme can be supported at both the Node B and the UE.

The robust tracking schemes proposed in this paper are presented like below.

(1) Scheme 1: Node B compares the received arrival time and the desired arrival time every 20 ms and sets the TAB to “1” for transmission advance or to “0” for transmission delay at the UE. At the UE, the sliding window of prefixed size less than or equal to 200 ms is fulfilled with TABs. After the fulfilment of sliding window, the UE performs only one of advance, delay and present stay during transmission time control procedure according to the combination of TABs in sliding window by transmission control step less than or equal to 1/4 chip, that is, 1/4 chip, 1/8 chip and 1/10 chip, etc.. In the case of advance or delay in transmission time, the UE just resets the sliding window. And in present stay case, the UE shifts all the TABs by one TAB length (20 ms) into the former part of sliding window and receives new TAB from the Node B.

Figure 1 shows the operation of sliding window with 200 ms fixed receiving interval. As shown in Figure 1(b), the UE resets the all TABs in sliding window to blank after the transmission time control for advance. In case of present stay status, the specific operation of sliding window is shown in Figure 1(c).
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(a) Transmission time advance condition
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(b) Reset after transmission time control (advance)
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(c) Reset after transmission time control (present stay)

Figure 1. The operation of sliding window with 200 ms fixed interval

(2) Scheme 2: The determination function for present stay status is imposed on the Node B instead of on the UE just like in Scheme 1. In other words, under the configuration of Scheme 2 with sliding window of 200 ms fixed time interval, when the time difference measured at the Node B is less than the half of transmission time control step, 1/8 chip, the Node B sets the TAB to opposite value of previous TAB value. For example, when previous TAB value is ‘1’ and the time difference measured at the Node B is less than the half of transmission time control step, Node B sets the TAB to ‘0’, and sends. 

In the suggested robust tracking schemes, the transmission time control steps are adjusted according to the fixed sizes of sliding windows at the start of tracking procedure. And for the error recovery in TAB receiving procedure, the determination law for transmission time control based on the combinations of TABs in sliding windows shall and can be reconfigured. If the following determination law is adopted, even 2 errors happened during TAB receiving procedure may cause no problem in the control of transmission time at the UE.

Determination law (After the fulfilment of sliding window, the UE performs timing control)  

a) If the number of TAB==1 in sliding window is greater than or equal to 8, then the control parameter of transmission time shall be set to “advance”.

b) If the number of TAB==1 in sliding window is less than 8 and greater than 2, then the control parameter of transmission time shall be set to “present stay”.

c) If the number of TAB==1 in sliding window is less than or equal to 2, then the control parameter of transmission time shall be set to “delay”.

3. Conclusion

We propose the tracking schemes for USTS to obtain robust uplink synchronization and present two kinds of operation schemes for the suggested robust tracking in detail. The first scheme is that a UE uses the sliding window of fixed time interval at the start of tracking where timing control step can be determined according to the size of sliding window. And the second scheme is that the Node B can determine the uplink transmission time control for “present stay” status as well as “advance” and “delay” status. The usage of proposed determination law always increases the error recovery during TAB receiving at the UE. 
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