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1 Introduction
In the last RAN2 meeting, the TA group concept was decided to be introduced in supporting the multiple TAs. In LTE Rel-8, the TA timer (TAT) is used for the TA maintenance, i.e., the UE considers the uplink timing as synchronized while the TAT is running. To extend it to the multiple TAs, it was discussed whether TAT per UE is sufficient compared to TAT per the TA group.
This document addresses this issue.
2 Discussion
In [1], it is stated that one TAT per UE even for the multiple TAs is sufficient considering the eNB may be able to make sure that only time-synchronized uplink transmissions are made on the Scell. More specifically, if the eNB determines that the UL of the Scell of the UE needs to be time-synchronized, it can issue the PDCCH order to the UE. Then, only when the Scell of the UE is in sync, the eNB schedules the UL transmissions there, thereby not requiring managing, by the UE, the separate TAT for the Scell. This approach would have benefits of no multiple TATs handling, no multiple TA commands and no multiple TAT values signalling.

However, given that the primary motivation of having TA management is to avoid the time-unsynchronized uplink transmissions that may interfere with the other UEs, the approach that uses only one TAT per UE is doubtful to fulfil well this function.
In Rel-8 of the MAC specification, it is state that the UL grant processing is only performed while the TAT is running so that the time-unsynchronized PUSCH transmission can be avoided. It is also stated that HARQ feedback on PUCCH is only sent while the TAT is running.

Because of the non-adaptive UL HARQ operation that trigger the retransmissions without the uplink grant, it is further stated that the HARQ buffer is flushed when the TAT expires.

In Rel-10 of the MAC specification, it is additionally stated that the UE shall not perform any uplink transmission except the RA preamble when the TAT is not running because the type-1 SRS whose resources are kept even when the TAT expires cannot be transmitted when the TAT is not running.
From the statements above, we can see that the time-synchronized UL transmissions only are performed in full safety by the specification.
However, the approach that totally relies on the eNB may not be able to cover the untended uplink transmissions, e.g.., the PDCCH false alarm and HARQ feedback errors, and/or may increase the eNB complexity.
If the PDCCH false alarm happens to the Scell, the approach cannot prohibit the time-unsynchronized uplink transmission while the Rel-8 system can.

If HARQ ACK is decoded as NACK by the UE, the UE triggers the HARQ retransmissions that the eNB may not be aware of. Therefore, the eNB would either keep track of the possibly unintended HARQ retransmissions on the Scell under the TA management, or leave the UE to transmit the time-unsynchronized HARQ retransmissions. In Rel-8 system, the HARQ buffer is flushed according to the TAT expiry for that purpose.
Furthermore, this approach may requires the current specification changes and/or the new mechanism.
First of all, as stated in [1], different from the Rel-8/9/10, the TA command in the RA response of the Scell RACH does not trigger the TAT start/restart.

Secondary, although the support of the contention based Scell RACH is not decided, if supported, there would be some specification changes required. In Rel-8/9/10, when the TAT is running, the UE does not apply the TA command received in the RA response. However, this approach needs to apply the TA command, thereby requiring the specification changes. Also, in Rel-8/9/10, when the contention resolution fails, the UE stops the TAT. However, this approach has to keep the TA timer.
Lastly, as identified in [1] and in the last RAN2 meeting, this approach needs to solve the periodic SRS transmission problem after the activation when the UL of the Scell is considered unsynchronized in the eNB side. That is, for this approach, the eNB may need to release/reconfigure the periodic SRS resources upon the Scell deactivation/activation or the new mechanism may need to be investigated.

From the above, considering that increasing the number of timers is not the big burden in the implementation and that signalling multiple TA values (if any) and multiple TA commands are not significant in the context of CA , we think that one TAT per UE does not justify the risk of the time-unsynchronized transmission and the added complexity. Therefore, we propose to use the TA timer per TA group.
Proposal: to use the TAT per TA group
3 Conclusions

In this document, we explained the possibility of the time-unsynchronized uplink transmissions in TAT and the added complexity for TAT per UE approach.
From the above, it is proposed that TAT per TA group is used in the multiple TAs.
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