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1 Introduction

In RAN2#74 meeting, Time Alignment Timer (TAT) maintenance for supporting multiple timing advances has been discussed, but no agreement was reached. One of the remaining issues is the number of TAT in Rel-11[1]. In this contribution, we would like to continue the discussion on the maintenance of TAT when multi-TA is needed.
2 Discussion
In LTE system, the UE maintains the Time Alignment Timer which is used to control how long the UE is considered uplink time aligned. In Rel-10, one common TAT is enough because all the serving cells of the UE can share the same TA. However, the support of multiple TAs is one of the main objectives in the Rel-11 WI on CA Enhancements. Therefore, the maintenance of TAT in Rel-10 should be reconsidered.
2.1 The number of TAT
In the last RAN2 meeting, two potential options remain and require further discussion:
· Option 1: TAT per TA group;
· Option 2: TAT per UE i.e. only related to PCell (Rel-10 behaviour).
In this subclause, we intend to compare the above two options from different respects and share our opinion.
· TA maintenance accuracy

In Option 1, each TA group has a TAT indicating whether the uplink transmission of this group is time aligned or not. When the TAT is running, the UE can consider the current TA value of the TA group sufficiently accurate and applicable. In Option 2, only one common TAT is maintained by the UE, which involves more eNB implementation complexity. Whether the current TA value of the SCell TA group is applicable or not depends on the TAT related to PCell. 
· TA maintenance flexibility
From the TAC signalling respects, in Option 1, the TA values of certain TA groups can be adjusted when needed. The TAC of different TA groups can either be transmitted individually or combined together. The TA maintenance of different TA groups is relatively independent, which is more flexible. In Option 2, the TAC of different TA groups may be required to signal together in order to avoid frequent start or restart of the TAT, which restricts the behaviours of the eNB.
· UE implementation complexity
Multiple TATs are maintained by the UE in Option 1, which is more complex than common TAT option for the UE implementation. However, the number of TA groups is usually fewer than the number of CCs, so one TAT per TA group will not bring too much complexity to the UE implementation.
· Additional changes to the current specification

In Option 1, the uplink synchronization status of different TA groups may be different from each other, so the definition of UE uplink synchronization should be reconsidered in Rel-11 including the issues related to partial UL synchronization. In Option 2, some of the UE actions should also be changed, e.g. the UE shall not ignore the Timing Advance Command in RAR when the TAT is running in order to get the initial TA value of the SCell by RACH on SCell based solution and the UE shall not start the SRS transmissions on the SCell before the initial TA value is obtained even if the TAT is running at that moment.
As analyzed above, we propose that

Proposal 1: In Rel-11, the TAT shall be configured per TA group.
2.2 Partial Uplink synchronization
If the option that the TAT is configured per TA group is accepted, the UE uplink synchronization status should be reconsidered including the partial UL synchronization issues. 
After the introduction of TA group, the TA groups of one UE can fall into two categories: PCell group containing the PCell and zero or more SCells; SCell group containing one or more SCells. Each TA group has two states: UL synchronised and UL non-synchronised. Therefore, the UE is possible to have the partial UL synchronised state, e.g. the PCell group is UL synchronised while the SCell group not (State 1) or the SCell group is UL synchronised while the PCell group not (State 2).
In State 1, the UE shall stop all the possible UL transmission on all the SCells of this group when the group is non-synchronised in order to avoid interfering other UEs. In most cases, the SCell deactivation timer may expire before the TAT, then actually the SCells may have already been deactivated and no more UL transmission is expected at that moment. Therefore, this partial synchronised state will not affect the current UE behaviour too much.
In State 2, the PCell is out of synchronization and is unable to transmit the UL data. However, PCell is generally in charge of signalling the control information and scheduling other SCells. This partial synchronised state with only SCell synchronised requires large modification to the current UE behaviours while gains not so much. Therefore, it is better to avoid this kind of partial synchronised state. One direct solution is that all the other TATs of the SCell groups shall be stopped when the PCell group TAT expires.
Therefore, we suggest that

Proposal 2: The state that SCells is UL synchronised while PCell is not shall be avoided in Rel-11.
2.3 SCell Activation/Deactivation and TAT Maintenance
2.3.1 TAT Maintenance When SCell Deactivation
According to the service requirements, it is possible that the TAT has not expired when all the SCells of a certain SCell TA group become deactivated. The TAT maintenance shall be discussed under this condition.
In this case, no UL transmission is expected on any of the deactivated SCells so that the eNB cannot continue the UL TA adjustment for the deactivated SCell TA group. However, if the TAT keeps running until it expires, the UE will consider the current TA value accurate and applicable when an SCell is activated again, which may escape performing an RA procedure on the SCell. If actually the current TA value has already become inaccurate due to the UE mobility, the reactivated SCell will start UL transmission using the inaccurate TA value. Moreover, if the DL reference of the current TA value has also be deactivated, then the UE cannot use the current TA value at all and the RA procedure is still needed. 
In order to avoid the above problem, we suggest that
Proposal 3: When all the SCells of an SCell TA group have become deactivated, the TAT of that group shall be stopped.
2.3.2 SCell Activation/Deactivation after TAT expires
In Rel-10, the SCell activation/deactivation status does not change after the TAT expires. The UE shall not perform any uplink transmission except the Random Access Preamble transmission when TAT expires. Even if the SCell is activated, the UL transmission other than RA Preamble is also prohibited. 

To keep the backward compatibility and reduce unnecessary changes to the current specification, we suggest that
Proposal 4: In Rel-11, the SCell activation/deactivation status does not change after the TAT expires (conforming to Rel-10).
3 Conclusion

In this contribution, we discuses the Time Alignment Timer (TAT) maintenance for supporting multiple timing advances. We kindly ask RAN2 to consider the above problems and the corresponding proposals listed below.

Proposal 1: In Rel-11, the TAT shall be configured per TA group. 
Proposal 2: The state that SCells is UL synchronised while PCell is not shall be avoided in Rel-11.
Proposal 3: When all the SCells of an SCell TA group have become deactivated, the TAT of that group shall be stopped.
Proposal 4: In Rel-11, the SCell activation/deactivation status does not change after the TAT expires (conforming to Rel-10).
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