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1 Introduction
In last RAN2 meeting, the TAT number and how to maintain the sync of SCell TAG (i.e. TA Group) were discussed, but no agreement was reached. This contribution gives our analysis and preference on this topic.

2 Discussion
According to Rel-8 uplink sync design principle, in order to avoid uplink interference, no uplink transmission except preamble is allowed when UE loses uplink sync. This is because the preamble transmission has less uplink synchronized requirement than normal uplink data transmission. Hence, when we design the sync of SCell TAG, this principle should not be broken.
Observation: If the SCell TAG is out of sync, no uplink transmission except preamble is allowed on the related SCells.
In the last meeting, two alternatives to avoid time unaligned uplink transmission on SCell TAG were brought up, listed below. The main difference between them lies on whether UE is aware of the real sync state of SCell TAG.
· Alt 1: UE is aware of the real sync state of each SCell TAG, e.g. TAT per TAG, and controls its uplink transmission by itself.
· Alt 2: UE does not learn the real sync state of SCell TAG, e.g. TAT per UE, and its uplink transmission should be controlled by eNB.
2.1 Details of Alt1
The simplest way to implement Alt1 is that UE maintains one TAT per TAG. Once the TAT of SCell TAG expires, UE will consider this SCell TAG out of UL sync. It should be noted that if the TAT of PCell TAG expires it is reasonable to regard the UE out of sync for the PUCCH is only configured on PCell.
Alt1 can be shown in Figure-1 below. In this figure, PCell and SCell belong to different TAG. PCell’s sync state is maintained by current mechanism. SCell’s sync state is maintained in UE and eNB according to the SCell TAG’s TAT.  When SCell is out of sync, UE will stop all uplink data transmission and release SRS configuration. Obviously, Alt1 can work well according to current mature TA maintenance mechanism.
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Figure-1: Example of Alt1

For Alt1, the main advantage is that the current TA maintenance mechanism used for PCell TAG can be reused on SCell TAG, and the shortage is that UE should maintain more than one TAT, but considering two TAT is the common scenario, thus the complexity is acceptable.

2.2 Details of Alt2
In Alt2, UE does not maintain sync states for SCell TAG separately and it can deem all serving cells have the same sync state as PCell. Thus eNB should perform the task of avoiding time unaligned uplink transmission.

Figure-2 gives an example of Alt2. In this example, PCell and SCell are not in the same TAG. PCell’s sync state is maintained according to current mechanism. UE does not maintain SCell sync state separately, and it just simply deem SCell have same sync state as PCell. But eNB should maintain SCell sync state by itself and control there is no uplink transmissions once the state is out of sync.
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Figure-2: Example of Alt2 

In Alt2, eNB has two ways to avoid time unaligned uplink transmission, as follows:

· Method1: Link activation/deactivation together with sync/out-sync;
· Method2: eNB maintains the SCell’s sync state by a timer similar as TAT.
· Method1
eNB links activated/deactivated state together with sync/out-sync state, which means when the SCell is deactivated, eNB will consider it is out of sync and  when the SCell is activated, eNB will consider it is sync. Thus when the first cell in one SCell TAG is activated, eNB must trigger RA. Method2 is illustrated in Figure-3.
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                                                               Figure-3: Example of Method1 (Alt2)

With this method, eNB could easily control UE’s data transmission, but the disadvantages are that more RA resource and sync delay would be introduced in two cases as below:
1) RA procedure would be applied for each deactivated to activated state change, even though there is no change on UE’s uplink timing situation;
2) Even though the SCell is activated only for downlink transmission, to avoid the periodic SRS transmission or uplink data transmission triggered by UL Grant false detection, RA procedure is also needed.
To avoid the unnecessary RA, one way is for eNB to explicitly de-configure the related SRS configuration in time to avoid periodic SRS transmission, but it cannot avoid the unexpected uplink data transmission triggered by UL Grant false detection; the other way is to introduce new mechanism, e.g. only uplink activation/deactivation, which would bring extra complexity.
· Method2
eNB maintains the SCell TAG’s sync state by a timer, like TAT. Timer running means in-sync, and timer expiry means out-sync. When the timer running, SCell could be either in activated state or in deactivated state. Once timer expires, eNB should deactivate the SCells in this SCell TAG. Method2 can be shown in the following Figure-4. 
But there is a problem same as method1: for the activation/deactivation is SCell specific, if the SCell is only activated for downlink transmission, RA procedure is also needed when the SCell’s state maintained in eNB side is out of sync, and some enhanced mechanism or more signaling would be introduced.
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                                                     Figure-4: Example of Method2 (Alt2)
2.3 Comparison
In the two methods of Alt2:

· Method1 could be easily for eNB to control UE’s uplink transmission and simple for eNB’s operation, but unnecessary initial sync would introduce more RA resource and sync delay;

· Method2 could save some RA resources in some degree compared with method1, but is not simplify eNB’s operation.
The common problem in both methods is that more RRC signaling would introduce or an enhanced mechanism (e.g. uplink activation/deactivation) would be introduced. In other words, to control uplink transmission in sync state, Alt2 would bring extra work and more complexity.

From the perspective of controlling uplink transmission in real sync state, Alt1 reuses mature mechanism, and Alt2 needs to introduce enhanced mechanism. It is obvious that Alt1 should be adopted in RAN2.

Proposal 1: UE should be aware of the uplink sync state of the SCell TAG.
Proposal 2: TAT should be maintained per TA Group, following Rel-8/9 mechanism.

3 Conclusion

According to the discussion in section 2, it is proposed:
Proposal 1: UE should be aware of the uplink sync state of the SCell TAG.
Proposal 2: TAT should be maintained per TA Group, following Rel-8/9 mechanism.
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