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Discussion/Decision 
1 Introduction
In the last RAN2 meeting, the concept of TA group was agreed. However, the number of TA timer (TAT) is still under discussion. In this document, we share our viewpoints.
2 Discussion
2.1 Review of TA timer

The TA update is controlled by eNB. eNB detects TA drifting when measuring uplink transmissions (PUCCH, PUSCH, SRS…) from UE. If the TA drifts dramatically, eNB can send a MAC CE to adjust the TA value or send a PDCCH command to conduct a PRACH procedure. When getting synchronized with eNB, UE starts a timer (i.e., TAT) to check validity of the current TA value. TAT is restarted whenever TA value is updated. When TAT gets expired, UL synchronization is lost but UE is not required to resume the synchronization state if no further UL transmission is needed. If UL synchronization is needed, eNB can send a PDCCH command for PRACH. So, to our understanding, TAT is a kind of safety net mechanism.
Observation 1: The TA update is totally controlled by eNB. eNB sends TA command or PDCCH order to maintain UL TA validity.

Observation 2: If UL transmission is not needed, UL TA maintenance is not needed.

Observation 3: TAT is a safety net mechanism in case UE misses any eNB command (MAC CE or PDCCH).
In CA operation, UE establishes RRC connection with Pcell first. The Scell are configured when additional resource is needed. For a configured Scell, it can be activated or deactivated. When activated, the Scell gets synchronized with eNB by RA procedure. So, it is possible that each TA group gets synchronized at different time instance.

Observation 4: each TA group gets in-sync asynchronously. 

2.2 Rel-11 TA timer

In Rel-11, Scell might have different TA value, compared to Pcell. However, the TA change is mainly due to UE mobility/ speed. That is, the TA values of all the TA groups are changed as UE moves regardless of the number of TA timers. 
Observation 5: TA value change is due to UE mobility.

In the last meeting, there is a discussion that different TAT value can be assigned to different TA group. For example, in very small cell scenarios (<100m), the TA value may be never changed due to its limited coverage. However, if we consider general cell deployment scenarios, this operational flexibility may not be needed, based on the discussion of Observation 5. 
Proposal 1: Single TAT value is assigned for a UE.

From Observation 1, it may happen that the TA value of a TA groups is updated later than the other one. For example, eNB sends a PDCCH command to re-synchronize a newly activated Scell. The TA validity time of Pcell and the Scell would be different even if single TA value is applied. As shown in Fig. 1 (TAT per group), when TA value of Pcell become obsolete, the TA value of Scell may be still valid. However, based on Rel-10 CA principles, PUCCH and BSR are transmitted in Pcell only. Whenever UE loses it synchronization in Pcell UL, it cannot continue Scell UL transmission. We assume that UE do not perform uncontrolled UL transmissions at all on Scell. We assume also SRS transmission can be assumed “controlled”. Thus only Pcell critically need the out-of-sync state to protect against uncontrolled UL transmissions. Moreover, the TAT is only a safety mechanism. The TA update is actually controlled by eNB. eNB updates TA value whenever large TA drifting is detected. Therefore, we think TAT per UE is preferable and the timer start/restart is attached with Pcell. 
We also note that UL synchronization is the prerequisite to useful data transmission UE. UE transmits SRS on Scell while out-of-sync  on Pcell UL could be regarded an error case. Therefore, making the TAT applicable to all cells could prevent such cases as well being convenient reducing the need for UE reconfigurations. We think it should be possible that all the TA values formultiple cells can be updated at the same time (e.g., by a single MAC CE). One possible scenario is that UE uses multiple cells simultaneously for high-rate transmission. If the TA values are updated simultaneously, the ambiguity of TA value validity would not occur.
Proposal 2: Single TAT approach (i.e., TAT per UE) is adopted for multi-TA operation. And, the timer is attached with Pcell TA update.

Proposal 3: It is possible that the TA values of multiple cells can be updated at the same time.
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Figure 1: Example of TAT per TA group

In the last meeting, the possible transmission of unsynchronized SRS transmission was discussed. We think, in general, UE should refrain from transmitting periodic SRS when Scell UL is unsynchronized. Otherwise, the uplink data will interfere with UL transmissions from other UEs. To implement this principle, one possible approach is that, whenever a Scell is deactivated, eNB always de-configures periodic SRS transmission. If activation/deactivation alternate frequently, this approach may be inefficient. Another approach is that periodic SRS transmission is allowed only when TA value is ready. 
As for aperiodic SRS, it is triggered by PDCCH. Since eNB knows the synchronization status of Scell UL, it can try to avoid possible UL interference if any.
Proposal 4: the periodic SRS transmission is allowed only when TA value is ready.
Proposal 5: The aperiodic SRS transmission is possible when Scell UL is un-synchronized.

3 Conclusion
In this document, we review the principles of TA timer. Based on the above observations, we think single TA approach can be applied for multi-TA operation. Multiple TA timers are not needed. We further discuss how to prevent from sending aperiodic SRS in un-synchronization status. We suggest that have some discussion on the proposed two options.
Proposal 1: Single TAT value is assigned for a UE.

Proposal 2: Single TAT approach (i.e., TAT per UE) is adopted for multi-TA operation. And, the timer is attached with Pcell TA update.

Proposal 3: It should be possible that TA values of multiple cells can be updated at the same time.

Proposal 4: the periodic SRS transmission is allowed only when TA value is ready.
Proposal 5: The aperiodic SRS transmission is possible when Scell UL is un-synchronized.
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