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1. Introduction

During the RAN2#61bis meeting, the issue whether the Timing Alignment (TA) is updated or not during Random Access (RA) in case a valid TA is already available, i.e. in case the TA timer is running, was discussed.
In this case, two possibilities were discussed as reported in ‎[1], which are described in more details in section 2. This contribution reviews both alternatives, and proposes a third one for RAN2 to agree upon. A text proposal to TS 36.321 ‎[2] is also provided in annex A below, which also includes text for the case where the TA timer is not running or has expired.
2. Handling of Timing Alignment during Random Access
When the UE performs random access, it receives a RA Response (RAR) containing a temporary RNTI, a TA command carried in the Timing Advance MAC control element, and an UL resource grant for transmission on UL-SCH for the next step (i.e. for the RRC Connection Request message in case of initial access, or for uplink data transmission using the C-RNTI if the UE is already in RRC_CONNECTED state).

In this section, we first address the case where the TA timer is not running or has expired while the UE performs random access with respect to handling of timing alignment. Different alternatives are then discussed for the case where the TA timer is already running, i.e. for the case where the UE has a valid time alignment when the TA command in the RAR is received. How to handle unsuccessful contention resolution is also discussed.
2.1. TA is not running or has expired
When the UE performs random access and the TA timer is not running, the UE is not synchronized; the Timing Advance command received in the Timing Advance MAC control element of the RA response should thus be applied when it is received, and the TA timer started. 
Proposal 1: 
During random access, if the Timing Alignment timer (TAT) is not running or has expired when the UE receives the Random Access Response (RAR), the UE shall apply the Timing Advance command immediately and start the TAT.

In the case where the TAT was started when receiving the TA command in the RAR, if the UE later determines that contention resolution is unsuccessful for this RA attempt, it should consider the TAT expired.

Proposal 2: 
During random access, if the Timing Alignment timer (TAT) was not running prior to receiving the Random Access Response (RAR), and if the TAT was started by the TA command received in the RAR, the TAT should be considered expired if/when contention resolution is declared unsuccessful.
2.2. TA is running when RA Response is received

When the UE performs random access and the TA timer is running, the UE already has a valid time alignment; in this case there are different alternatives possible for the UE handling of the time alignment command.
Alternative 1 - UE applies TA command when it receives RA Response 

With this alternative, the UE applies the Timing Advance command when it is received (i.e. when the RAR is received) and starts the TA timer. If contention resolution is not successful when receiving message 4, the previous Timing Alignment is restored.

The advantage with this solution is for the case where message 3 from different UEs are colliding; every transmission gets a different timing misalignment. Only the UE for which the TA command is intended will have a proper alignment, thus increasing the chance for this UE to succeed contention and reduce the risk that another UE, i.e. a UE that has used the same preamble and for which the TA command was not intended, wins the contention and continues with uplink transmissions using a misaligned timing.

The UE would however be required to store and maintain two TA timers until the outcome of the contention resolution is known from the reception of message 4. In addition, the UE might have to apply different timing alignments in parallel, one for HARQ feedback in response to downlink data received on DL-SCH during the ongoing RA procedure, and one for uplink transmission of message 3 on UL-SCH.
Alternative 2 - UE applies TA command when contention resolution is successful
With this alternative, the UE continue using the current uplink timing alignment and ignore the value received in the RA Response (RAR), until contention resolution is successful, at which point the Timing Advance command received in the RAR is applied and the TA timer is started;

The advantage with this solution is that the same timing alignment can be applied when sending HARQ feedback for downlink data received on DL-SCH during the ongoing RA procedure and for subsequent uplink transmissions on UL-SCH.
Similarly as for the previous alternative, the UE would however be required to store and maintain two TA timers until the outcome of the contention resolution is known from the reception of message 4. This adds a certain amount of complexity to the UE implementation. Because the old TA would be used when the UE sends message 3, another possible drawback is the increased probability that a UE for which the timing advance received in the RAR is not appropriate would win the contention; this UE would then apply the TA command received in the RAR message and use this for subsequent uplink transmissions on UL-SCH, which would increase interference for other UEs.

Alternative 3 - UE ignores the TA command when it has a valid TA 

Another approach is to let the UE continue to use the already valid Timing Alignment, i.e. the UE ignores (and thus do not apply) the TA command received in the RA Response message when the TA timer is still running.

Consequently, if contention resolution is not successful when receiving message 4, the UE would keep its current time alignment, as it should still be applicable as long as the TA timer has not expired.

There are a number of advantages with this solution:

· simplicity: the UE maintains only one timing alignment and TA timer at any time;

· better TA accuracy: current timing alignment in the UE is typically based on multiple measurements previously made by the eNB and is thus generally more stable than the one received in the RA Response, which is based on one single measurement when receiving the RA preamble from that UE;

· smaller probability that uplink transmissions would use misaligned timing.  
Finally, we could not identify any specific drawback with this alternative.

Proposal 3: 
During random access, if the Timing Alignment timer (TAT) is running when the UE receives the Random Access Response (RAR), the UE shall ignore the Timing Advance command.
3. Conclusions

It is proposed that RAN2 discusses and agree on the following proposals:

Proposal 1: 
During random access, if the Timing Alignment timer (TAT) is not running or has expired when the UE receives the Random Access Response (RAR), the UE shall apply the Timing Advance command immediately and start the TAT.

Proposal 2: 
During random access, if the Timing Alignment timer (TAT) was not running prior to receiving the Random Access Response (RAR), and if the TAT was started by the TA command received in the RAR, the TAT should be considered expired if/when contention resolution is declared unsuccessful.

Proposal 3: 
During random access, if the Timing Alignment timer (TAT) is running when the UE receives the Random Access Response (RAR), the UE shall ignore the Timing Advance command.

A text proposal to TS 36.321 that reflects the above is included in Annex A below.
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5. Appendix A 
---------------------------------------------- Unmodified Sections Omitted ----------------------------------------------------
5.1. 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 Control Element is received:

-
apply the Timing Advance Command;

-
start the Time Alignment Timer (if it is not running) or restart the Time Alignment Timer (if it was already running)
-
when a Time Alignment Command is received in an Random Access Response message:

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

-
apply the Time Alignment Command;

-
start the Time Alignment Timer

-
when, during a Random Access procedure, a Time Alignment Command received in a Random Access Response message is applied and Contention Resolution is considered not successful (see section 5.1.5):

-
 consider the Time Alignment Timer expired.

-
when the Time Alignment Timer has expired or is not running:

-
prior to any uplink transmission, use the Random Access procedure in order to obtain uplink Time Alignment 

-
when the Time Alignment Timer expires:

-
 release all PUCCH resources;
-
release any assigned SRS resources.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































