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1. Introduction

In E-UTRA, uplink timing transmission must be controlled in order to prevent interference to other users in adjacent transmission time intervals. In [1], a timing update period of approximately 0.5s is noted which seems to reasonably cover both high-mobility situations as well as abrupt changes in propagation conditions.  In addition, it was shown that a timing accuracy of approximately ±0.5 μs is reasonable [3].  In this contribution, timing advance design is discussed. 
2. Timing Advance Command
The following concepts summarize our view on timing advance design-
· One-step timing advance procedure:  Timing advance message should allow UE with the maximum timing offset (corresponding to the maximum supported cell radius) to become synchronous after receiving a single timing advance command.  This is especially important for non-synchronized random access as users are expected to achieve synchronization in a single step according to the random access procedure.
· Timing advance is sent only when necessary:  Naturally, uplink timing update requirement is dependent on UE’s velocity and may be very infrequent for UE speeds below 30 km/h.  Therefore, update should only be sent when the Node B detect a large enough drift in timing rather than in a periodic manner to minimize overhead.  In the event of an abrupt change in propagation conditions, more frequent updates may be needed.  However, in this situation it is still beneficial from an overhead point of view to send the timing advance only when necessary. 

· Timing advance command sent on L1/L2 shared control channel:  Preferably, timing advance command is sent on the L1/L2 control channel using a special grant format modified from either existing UL/DL scheduling grant.  For instance, an unused value in the grant field (e.g. modulation level) could be used to indicate the presence of timing advance information as shown in Figure 1.  Only the timing advance command and UE ID are necessary, so it should be able to fit this content in the regular UL/DL grant. The coding and modulation of this special grant is identical to the regular grant to minimize UE processing.  It is recommended that the timing advance command be sent on the L1/L2 control channel since it must be received promptly and with high reliability.  In addition, because the timing advance command is expected to be small (10 bits or less), the overhead can be significant if sent on the shared data channel since at least one resource block must be expended to transmit the information.
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Figure 1.  Example of timing advance command using L1/L2 control channel (UL Grant).
3. Uplink Synchronization Maintenance
Several physical layer channels may be used for maintaining uplink synchronization.  They include -
· Uplink overhead channels (CQI and Sounding):  CQI and uplink sounding signals are two good candidates for use in uplink timing measurement.  These signals are already present in many situations and can be appropriately configure to provide synchronization maintenance functionality.  In some circumstances, uplink sounding signals and CQI may not be transmitted or transmitted less frequently than the required timing update period.  In this case, these signals have to be transmitted more frequently than necessary which will result in an increase in the overhead.  
· Synchronous random access channel:  Synchronous random access channel may be used by the UE to transmit uplink signal with possible contention.  Currently, this channel can be used for sending scheduling request.  Although the design of this channel has not been finalized, several proposals support transmission of message together with preamble to minimize delay.  As a result, each access slot may occupy a unique time-frequency region large enough for message transmission.  Hence, the number of access slots is expected to be significantly smaller than for non-synchronized random access.  As a result, the overhead incurred with using one of the access slots for timing maintenance can be quite high.  In addition, when contention is present, the timing estimation may not be accurate.
· Non-synchronous random access channel:  Instead of forcing periodic CQI or uplink sounding based on the timing update period of 0.5s, a complementary approach to timing maintenance is to use non-synchronized random access preamble to provide timing information.  In this case, however, preambles are reserved for this purpose and UEs are scheduled by the Node B to transmit the preambles at a specific time.  As a result, there is no contention in the preamble transmission and Node B can identify each UE by the timing and preamble used.  This option can be complementary to using CQI and sounding when those signals are not transmitted or transmitted less frequently than the required update period.
From the above discussion, existing uplink channels (e.g. CQI or uplink sounding) are seen as sufficient in providing the necessary measurement for timing adjustment.  For users with no or slow uplink CQI or sounding feedback, it may be beneficial to define a special non-synchronized random access procedure for timing maintenance.
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