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Discussion and decision 
1 Introduction 
One of the issues discussed in RAN2#74 is whether only one TAT is needed for a UE or one TAT per TA group (TAG) is needed. In our understanding, the following two alternatives are being considered [1]

 REF _Ref300559597 \n \h 
[2]:

Alt 1: The UE maintains an independent timeAlignmentTimer per TAG. The timeAlignmentTimer is (re)started  by the UE upon receiving the TA Command for the TAG in a MAC CE or in a RAR message. After the expiry of the timeAlignmentTimer, the TAG is assumed to be UL out-of-sync. 
Alt 2: The UE does not maintain a separate timeAlignmentTimer per TAG. After receving the TA Command in a RAR message, the UE always assumes the TAG is uplink synchronized if instructed to transmit in the uplink by the eNodeB. The UE still adjusts the uplink timing of the associated SCell(s) according to the TA command for the TAG.

In this contribution, we discuss the advantages and disadvantages of each alternative and present our preference.
2 SCell activation and UL Sync States for Alt 1 and Alt 2
In this section, we examine the possible SCell activation and UL sync states for Alt 1 and Alt 2. 

For Alt 1, four states can be classified:

State 1: Deactivated SCell (UL out-of-sync)
· No UL transmission possible including PRACH
State 2: Activated SCell (UL out-of-sync)
· No UL transmission possible except PRACH
State 3: Activated SCell (UL in-sync)
· Normal UL transmission possible (SRS, PUSCH)
State 4: Deactivated SCell (UL in-sync)
· No UL transmission possible including PRACH
A possible state transition diagram is illustrated in Figure 3. Note that some simplification is possible if State 4 is considered invalid; in this case, the TAG timeAlignmentTimer expires when the associated SCell is deactivated. 
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Figure 1: 4 SCell activation and UL sync states for Alt 1 (multiple TATs)
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Figure 2: 3 SCell activation and UL sync states for simplified Alt 1 (multiple TATs)
For Alt 2, three states can be classified as follows:

State 1: Deactivated SCell 
· No UL transmission possible including PRACH
State 2: Activated SCell (UL out-of-sync)
· No UL transmission possible except PRACH
State 3: Activated SCell (UL in-sync)
· Normal UL transmission possible (SRS, PUSCH)

For both Alt 1 and Alt 2, if the PCell is UL out-of-sync, it has been proposed that the UE shall also assume that the SCell is UL out-of-sync although the SCell has a different UL timing (or equivalently the TAG timeAlignmentTimer expires for Alt 1) [3].
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Figure 3: 3 SCell activation and UL sync states for Alt 2 (single TAT)
3 Comparison of Alt 1 and Alt 2
From Figure 1, Figure 2 and Figure 3, we have the following observations:
Table 1: Comparison of Alt 1 and Alt 2

	Alt
	Advantages
	Disadvantages

	Alt 1
	1. Flexible transition between State 3 (activated SCell & UL in-sync) and State 2 (activated SCell & UL out-of-sync).
· See disadvantages of Alt 2.

2. Direct transition from deactivated SCell to State 3 (as in Rel-10 SCell) is possible if State 4 (deactivated SCell & UL-in-sync) is valid.
	Separate timer(s) needed for each TAG by the UE.

	Alt 2
	No separate timer(s) needed for each TAG by the UE.
	1. Inflexible transition between State 3 (activated SCell & UL in-sync) and State 2 (activated SCell & UL out-of-sync).

· If UL synchronization has been lost for the activated SCell due to e.g. TA command reception failure for the SCell or the eNodeB stops sending TA command intentionally, periodic SRS has to be disconfigured by RRC to avoid UL interference

· If periodic SRS is needed, RRC reconfiguration required when transitioning from State 2 to State 3. 

· Note that transition between State 2 and State 3 is potentially frequent, the frequent RRC reconfiguration is not desirable

2. More susceptible to UL interference in the SCell caused by false detection of UL grant for the SCell when the UE is in State 3 but is in fact not UL synchronized.
3. Slow transition from State 1 (deactivated SCell) to State 3 since direct transition is not allowed.


In our view, the disadvantages of Alt 2 may outweigh its advantages for the following reasons:

1. State 2 (activated SCell & UL out-of-sync) is important in the case of where the SCell needs to be activated for DL transmission but there is no need to maintain UL sync for UL data transmission. Asymmetric DL-UL traffic is a common scenario.
2. Implementation of multiple timers by the UE is not difficult. 
Hence, unless the disadvantages of Alt 2 can be addressed, our preference is Alt 1.

Proposal 1: The UE maintains an independent timeAlignmentTimer per TAG. The timeAlignmentTimer is (re)started  by the UE upon receiving the TA Command for the TAG in a MAC CE or in a RAR message. After the expiry of the timeAlignmentTimer, the associated SCell is assumed to be UL out-of-sync.

For Alt 1, the definition of State 4 allows direct transition from deactivated SCell to State 3 as in Rel-10 SCell. Currently, we do not see any major disadvantages with allowing State 4. Therefore, the SCell activation and UL sync states as shown in Figure 1 should be the baseline.
Proposal 2: The TAG timeAlignmentTimer does not expires when the associated SCell is deactivated. 

4 Conclusions
In this contribution, we discussed the issue of UL synchronization maintenance for SCell, in particular whether one TAT per TAG (Alt 1) is needed or only one TAT (Alt 2) is needed for a UE. We examined the implications of each alternative by considering the SCell activation and UL sync states transition diagrams of each alternative (Figure 1, Figure 2 and Figure 3), and compared the advantages and the disadvantages of the alternatives in Table 1. 

In our view, implementation of multiple timers by the UE is not difficult. The disadvantages of inflexible transition between State 3 (activated SCell & UL in-sync) and State 2 (activated SCell & UL out-of-sync) for Alt 2 is significant especially for asymmetric DL-UL traffic (SCell needs to be activated for DL transmission but there is no need to maintain UL sync for UL data transmission). We concluded that our preference is Alt 1.
For Alt 1, the SCell activation and UL sync states as shown in Figure 1 should be the baseline since direct transition from deactivated SCell to State 3 is allowed as in Rel-10 SCell.
Our proposals are as follows:
Proposal 1: The UE maintains an independent timeAlignmentTimer per TAG. The timeAlignmentTimer is (re)started  by the UE upon receiving the TA Command for the TAG in a MAC CE or in a RAR message. After the expiry of the timeAlignmentTimer, the associated SCell is assumed to be UL out-of-sync.

Proposal 2: The TAG timeAlignmentTimer does not expires when the associated SCell is deactivated.
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