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1. Introduction

The LTE uplink is based on a combination of FDMA and TDMA. Hence, tight control of the uplink transmission timing is necessary to maintain orthogonality between users. However, it has not yet been discussed how often this timing need to be updated, nor which control signaling mechanisms to use. Although the accuracy of the timing control remains to be analyzed, the required accuracy is likely to be within a fraction of the cyclic prefix. Herein, a timing control accuracy of 1 (s is assumed.

2. Discussion

Assuming a terminal moving from the base station at 350 km/h, the change in uplink timing due to the movement is around 0.3 (s per second. From a pure distance change, the update rate of the uplink timing is substantially less than once per second. However, the timing also need to handle changes in propagation delay due to “corner effects”, i.e., if the propagation conditions between the terminal and the base station changes abruptly due to the movements for the terminal. Although this calls for more frequent updates than motivated from a simplistic free space calculation, updates are still relatively infrequent, a few times per second at the most. 

As the update rate is relatively slow, there seems to be little need for transmitting a timing adjustment command, e.g., in the form of an up/down command, to the terminal in every TTI. Such an approach would not only transmit updates more frequently than necessary, but is also not capable of handling the large and abrupt adjustments motivated by the “corner effect”. Therefore, an approach where the Node B transmits an absolute timing advance command when needed is recommended.

The timing advance command can be transmitted as an RRC message (“MAC control PDU”), i.e., the Node B transmits (with a high scheduling priority) a timing adjustment command to the UE on a per need basis using the normal DL-SCH. Alternatively, the downlink control channels used for transmitting scheduling grants can be used for this, either by defining a separate timing advance format or by including the timing advance value in the grant.

Note that the timing advance message can be extended to cover additional transmission parameters as well. For example, if a frequency correction factor is found to be necessary, e.g., to handle UEs moving rapidly from the Node B and their resulting 2(fD frequency offset in the uplink, the frequency correction factor could be included together with the timing advance command.
3. Conclusion

It is purposed to transmit the timing advance as a multi-level value on a per-need basis.
