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1. Introduction

In the last RAN4 meeting, some discussions took place that related to the UE transmit timing requirement. In this contribution, we continue discussion on the issue especially the relation between Timing Advance Command and UE transmit timing requirement in TS36.133.
2. Discussion
The Uplink timing alignment is specified in TS 36.321 as shown below. In short, the UE can transmit UL channel only when Time Alignment Timer is running except PRACH, and the Time Alignment Timer is started when Timing Advance Command is applied. Random Access Response (msg2) which is response DL signal for PRACH always carries Timing Advance Command. And if nodeB think uplink timing should be maintained, Timing Advance Command is sent in PUSCH before Time Alignment Timer is expired.

------------------------------------- Start of excerpt from TS36.321 ----------------------------------------------
5.2
Maintenance of Uplink Time Alignment

The UE has a configurable Time Alignment Timer. The Time Alignment Timer is valid only in the cell for which it was configured and started.

If the Time Alignment Timer has been configured, the UE shall:

-
when a Timing Advance MAC control element is received:

-
apply the Timing Advance Command;

-
start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).

-
when a Time Alignment Command is received in a Random Access Response message:
-
if the Random Access Preamble and PRACH resource were explicitly signalled:

-
apply the Time Alignment Command;

-
start the Time Alignment Timer (if not running) or restart the Time Alignment Timer (if already running).

- 
else, if the Time Alignment Timer is not running or has expired:

-
apply the Time Alignment Command;
-
start the Time Alignment Timer;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop the Time Alignment Timer.

-
else:

-
ignore the received Time Alignment Command.
-
when the Time Alignment Timer has expired or is not running:

-
prior to any uplink transmission, use the Random Access procedure (see subclause 5.1) in order to obtain uplink Time Alignment. 

-
when the Time Alignment Timer expires:

-
 release all PUCCH resources;

-
release any assigned SRS resources.

------------------------------------- End of excerpt from TS36.321 ----------------------------------------------

How to apply the timing advance command is specified in TS36.211 section 4.2.4. And in the last RAN4 meeting, we agreed to capture this requirement also in TS36.133 section 7.3 [1]. 

------------------------------------- Start of excerpt from TS36.213 ----------------------------------------------
4.2.4
Transmission timing adjustments

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing. The timing advance command is expressed in multiples of 16
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and is relative to the current uplink timing.

For a timing advance command received on subframe n, the corresponding adjustment of the timing shall apply from the beginning of subframe n+6.
------------------------------------- End of excerpt from TS36.213 ----------------------------------------------

From this requirement, we can see that when Timing Advance Command is applied, the reference timing is current uplink timing and DL timing is not related. 
After the Timing Advance Command is applied, how to maintain the UL timing when the Time Alignment Timer is running is the issue. We suggest that during that period UE should maintain the UL-DL timing difference. It means that the reference UE transmit timing is DL timing minus the actual UL-DL timing difference when Timing Advance Command is applied. It should be noted that this reference timing might be changed when Timing Advance Command is applied. 
Another candidate for the reference timing is the DL timing minus total sum of all the Timing Advance Commands beforehand. However, this timing might be different from what the nodeB requires, because when UE follows the reference timing, the adjustment rate is not so high and because of that the reference timing and the actual UE transmit timing might not be exactly the same. However, when the nodeB is issuing a Timing Advance Command, nodeB is looking at only the actual uplink timing and not the reference timing in UE. Therefore we prefer to take the reference timing of DL timing minus the actual UL-DL timing difference when Timing Advance Command is applied.
3. Conclusion

UE transmit timing requirements are investigated. We propose that when Time Alignment Timer is running, UE should maintain the UL-DL timing difference. The corresponding CR is proposed in [2].
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