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1. Introduction

One of the discussion points that were raised in the last meeting is the need of maintaining UL synchronization for deactivated SCell and its relationship to time alignment timer. 
In this contribution, this point is further discussed. 

2. Discussion
The TA timer based mechanism was introduced to provide a time duration in which the eNB and UE can consider the UE as UL synchronised. This timer is typically designed to be conservative to ensure that physical UL don’t get out-of-sync too much (<0.52us) before the TA timer expires. 2 main contributors to the design of the length of the timer are:

· UE velocity

· UE internal oscillator drift

Both of these UL timing drift factors are independent of the carrier frequency.

Observation#1: Length of the timer is designed conservatively and the UL timing drift factors are independent of the carrier frequency or frequency band. 

In Rel-8/9, the eNB can make sure that UL synchronization is maintained by measuring the UL reception timing of UL data transmissions, periodic/aperiodic CQI report or UL periodic SRS and adjusting the UE’s transmission timing if necessary with the use of Timing Advance (TA) commands which in turns reset the timer. In non-DRX mode, the eNB can always maintain UL synchronisation of the UE while in DRX mode, the UE may become UL out-of-sync unless DRX cycle is always less than the TA timer. In Rel-10, aperiodic SRS is also introduced which can also be used for measuring UL timing.
Observation#2: Maintenance of UL synchronisation requires UL transmissions.
With multiple TA UL CA, there are multiple UL SCells and UL synchronisation needs to be maintained for each of the SCell. In addition, a SCell can also be deactivated even if it is not in DRX mode. In deactivation state, not only are there no UL data transmissions, there is also no CQI reporting  and periodic/aperiodic SRS transmitted (similar to DRX). Unlike DRX which is common to all cells configured, the activation and deactivation of the SCell can happen at different time depends on user traffic pattern and it may go on indefinitely if the eNB allows it to do so.
Observation#3: The SCells may be in deactivated state at different times and may be in deactivated state until it needs to be activated for increased DL or UL traffic.
One way for the eNB to maintain deactivated SCells UL synchronisation is to activate them periodically (e.g. before the TA timer timeout) and aligning periodic SRS or triggering aperiodic SRS during the activated period before sending them back to deactivated state.  Hence there is the possibility of maintaining the UL synchronisation of a deactivated SCell if the eNB wants to.
If the eNB is allowed to let individual SCell goes UL out-of-sync, eNB has to be able to bring the SCell back into UL synchronisation. It will be quite unlikely that an activated SCell will be UL out-of-sync since there will be UL transmissions (e.g. SRS or CQI etc.). It is more likely that a deactivated SCell will be UL out-of-sync since the UE does not transmit in the uplink on a deactivated SCell. In this case, the eNB may possibly either activate the SCell if it is a PDCCH SCell and sends the PDCCH order or send a PDCCH order with CIF from the PCell (or any activated SCell PDCCH) to initiate the PRACH on the SCell for time alignment if it detects an increase in DL/UL user traffic. So there are possible solutions to bring a deactivated SCell back to UL synchronisation.
Observation#4: It is possible for the eNB to maintain UL synchronisation in all SCells. It is also possible for the eNB to bring a SCell back into UL synchronisation when it needs to.
Based on Observation#3 & #4, the main question then is whether there is a need to maintain UL synchronisation for deactivated SCell. There are 2 motivations to keep a SCell in deactivated state (other than UE power saving) rather than in de-configured state:
[Motivation#1] 
If the motivation of keeping the SCell in deactivated state is that it would be able to activate it quickly in the near future, it is then probably better that it is being kept UL synchronised so that it can be activated without having to get UL in-sync. If Scell is not likely to be used soon, the eNB can just de-configure the SCell. The setting up of a SCell when it is needed involves a reconfiguration message containing the SCell configuration and the PRACH on the SCell for TA. 
[Motivation#2]

If the motivation of keeping the SCell in deactivated state is that of not to involve L3 signalling of configuring and deconfiguring the SCell, the eNB is most likely to allow the SCell to go UL out-of-sync and brings it into UL sync when it is needed. Bringing back to UL synchronisation involves PRACH on the SCell for TA. Also, based on Rel-10, the periodic SRS resources (if configured) will also be released and this will involve the reconfiguration of providing the periodic SRS configuration for the SCell. However, this seems to defeat the purpose of the motivation (of not having L3 configuration). To avoid L3 configuration, it is best that the periodic SRS resources for the SCell are kept which will save on 1 reconfiguration procedure at the expense of not able to reallocate the periodic SRS resources to other UEs. Alternative is to use only aperiodic SRS.
If Motivation#1 is the main motivation of keeping an SCell in deactivated state, then common TA timer can be used.  As a consequence, no UL SCell can be UL out-of-sync on its own but only the UE can (as like in Rel-10).

If Motivation#2 is the main motivation of keeping an SCell in deactivated state, then separate TA timer can be used. As a consequence, a UL SCell can go UL out-of-sync on its own while the PCell and some SCells are still UL in-sync. New states are created for each configured SCell (Activated (UL-sync), Activated (UL out-of-sync), Deactivated (UL-sync) and Deactivated (UL out-of-sync)) and will have to be maintained by the eNB and the UE  

From this observation, if periodic SRS resources are released, in terms of signalling overhead there is no difference between maintaining UL synchronisation and not. 
A quick analysis of the 2 motivations:

[Motivation#1]
Pros:

· Align with Rel-10 behaviour (i.e. either the SCell is activated or deactivated)

· Only need to maintain a single TA timer
· Only 2 states need to be maintained for a configured SCell (Activated (UL-sync) and Deactivated (UL-sync)) like in Rel-10
Cons:
· Periodic SRS resources for SCell cannot be released when TA is maintained unless only aperiodic SRS is configured.
· UE battery consumption increases due to bringing the SCell into activated state for TA updates

· More MAC signalling overhead (which can be reduced via new MAC CE with multiple TAs)
· Increase interference for sending SRS just for TA Updates.

[Motivation#2]:

Pros:

· No increase in UE battery consumption than in Rel-10 (w.r.t bringing the SCell into activated state for TA updates)

· No wastage of Periodic SRS resources for SCell for the case that it can released after TA expiry of the SCell.
Cons:

· May need to maintain multiple TA timers
· Extra RRC Connection Reconfiguration message if periodic SRS resources for SCell need to be allocated. Alternative is to use aperiodic SRS resources only.
· New states are created for a configured SCell (Activated (UL-sync), Activated (UL out-of-sync)
, Deactivated (UL-sync) and Deactivated (UL out-of-sync))
The TA maintenance procedure is perceived to be similar to pre-Rel-10 for the common TA timer and each TA timer for the case of multiple TA timers.

From the above analysis, both motivations have its advantages and disadvantages. However, since there is no strong justification for Motivation#2, common timer seems sufficient in our view. Hence it is proposed that:

Proposal#1: UL synchronization shall be maintained for deactivated SCell

Proposal#2: Common TA timer shall be supported for multiple TA. 
3. Conclusion

It is requested that RAN2 discusses the following proposal:
Proposal#1: UL synchronization shall be maintained for deactivated SCell

Proposal#2: Common TA timer shall be supported for multiple TA. 
� Quite an unlikely state that the eNB will keep the SCell in activated state while letting it go UL out-of-sync 
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