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Discussion and decision
1
Introduction

In RAN #51, a working item toward LTE CA enhancement has been approved [1].  One of its main objectives is to support multiple timing advances.  Thus, RAN2 should analyze the impact of supporting multiple TAs on the related functions and then adopt the best option.  In our opinion, three functions may need to be considered as follows.   

1) Random Access (RA) procedure

2) Timing Advance Command (TAC)

3) Time Alignment Timer (TAT)

In this contribution, we would like to discuss the maintenance of Time Alignment Timer (TAT) if multiple TAs is supported.
2 Discussion
In LTE system, the Time Alignment Timer (TAT) is used to indicate whether the uplink (UL) transmission is synchronised or not between the eNB and UE, i.e., when the TAT is running, the uplink is considered as synchronized. Since only one TA is supported in Rel-10 carrier aggregation, one TAT is enough to indicate whether UL CCs are synchronized or not.  However, when multiple TAs is supported, the number of TAT(s) may need to be re-considered.
Three options for TAT are considered in this contribution as follows:
· Option1: One TAT per UL CC
· Option2: One TAT per TA group
· Option3: One common TAT
Option1: One TAT per UL CC
If we consider multiple TAs among UL CCs, it is straightforward for a UE to maintain one TAT for each UL CC.  The update of a TAT (start, restart or stop) may follow LTE Rel-8/9 procedure.
Pros: It is easy to maintain synchronization of an UL CC. The related procedures about TAT could follow LTE Rel-8/9. On the other hand, the UE does not need to send SRS on this UL CC after the corresponding TAT expires. In this case, the UE can save power.

Cons: A UE needs to maintain multiple TATs, even if some of UL CCs have the same TAs.  
Note that in Rel-10, the aggregated UL CCs share a TAT. Thus, this option is not consistent with Rel-10.
Option2: One TAT per TA group

Since some of UL CCs may have the same TA value (i.e., the uplink timings of these UL CCs are the same), a Timing Advance Command could be applied to these UL CCs. In this case, the UL CCs which have the same TA could share the same TAT. In this contribution, we define a TA group in which the UL CCs have the same TA. Therefore, a UE could maintain one TAT per TA group.  The update of TAT in a TA group may follow LTE Rel-8/9 procedure.
Pros: Comparing with one TAT per UL CC scheme, a UE could maintain fewer Time Alignment Timers.  A Time Alignment Timer starts or restarts could depend on the Timing Advance Command received for its corresponding TA group.
Cons: The eNB and UE need to maintain the TA group. Since the members of a TA group may be changed in different eNBs, the methods to maintain the members of a TA group may be needed FFS. It needs some extra cost to maintaining a TA group, e.g., using the RRC message to maintain the TA group may cause RRC message overhead.

Since the timing advance value depends on the propagation delay between eNB and UE, the TA adjustment for different TA groups may be needed simultaneously. From this point of view, TATs for different TA groups may need to be restarted at the same time. Thus, multiple TATs may perform like one TAT. 
Option3: One common TAT

Another scheme is to maintain one common Time Alignment Timer. That is, all UL CCs share a common Time Alignment Timer.
Pros: Simple. A UE only needs to maintain one Time Alignment Timer.
Cons: Before the TAT expires, a UE needs to send SRS on all activated UL CCs. If the UE is not scheduled on all activated UL CCs for a period of time, the UE may waste power to maintain all activated UL CC in sync.
In this option, a TA command may contain all TA adjustment values for all TA groups or for all UL CCs. The detail of TA command needs FFS.

Considering the above three options, we think one common TAT is simple so we propose that:
Proposal: One common TAT is enough when multiple TAs is supported.
3 Conclusions

In this contribution, we have the following proposal:

Proposal 1: One common TAT is enough when multiple TAs is supported.
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