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1. Introduction

In the last RAN 2 meeting, it is shown in [1] and [2] that a single TA timer is sufficient to support both the 2 eNB policies of either maintaining UL sync of a SCell regardless of the activation status of the SCell or keeping the configuration of SCell but letting it go out-of-sync during deactivation state. This brings simplification to the UE to just having to maintain a single TA timer and does not need to take into consideration the UL synchronisation of a TA group with only SCell. However, on the other hand, per group timer allows periodic SRS resources to be released autonomously by the UE when the timer expires thus saving a RRC Connection Reconfiguration message to deconfigure the periodic SRS.  
In this contribution, we further look into the working of the single TA timer and the per group TA timer operation and provide our view.   
2. Discussion
2.1 Background

2.1.1 Analysis of the Per UE TA timer

Like in Rel-8/9/10, only 1 TA timer is started when the PCell is established via RACH and restarted when the TA Command is received for the PCell or when RACH is performed again on the PCell. All the SCells in the PCell group will align their UL to the UL timing of the PCell. When the TA timer expires, like in Rel-8/9/10, the UE goes UL out of sync (i.e. the PCell and all the SCells within the PCell group is UL out of sync) and performs the actions as in Rel-8/9/10 (i.e. clear HARQ buffers, release PUCCH/SRS resources and clear assigned UL/DL grants). 
With the introduction of multiple TA and TA groups, RACH can also be initiated by an SCell in a SCell group for initial TA and TA Command can also be received for the SCell/SCell group for updating the TA of the SCell/SCell group. However, both of these events will not restart or start the timer as it is assumed the eNB keeps track of the UL synchronisation of the SCell group. When the TA timer expires, it is assumed that the SCells within the SCell group also go UL out-of-sync as this will be aligned with the Rel-8/9/10 behaviour of the PCell group (i.e. the periodic SRS resources (if configured) on the SCell will also be released). 
Upon successful RACH on PCell due to DL or UL data availability, the SCell group can assume that it is UL in sync with a particular TA value (e.g. default to TA value of PCell, default to 0 or take the previous value) until it is told otherwise (i.e. perform RACH on the SCell) or can consider the SCell group UL out-of-sync until a RACH is performed on one of the SCells within the group. If former is assumed, the eNB will have to ensure that periodic SRS resources are released if configured.
In Rel-8/9/10, when a SCell is first configured, the UE will assume that it is UL in-sync as it always follows the UL timing of the PCell. If periodic UL SRS is configured during the Scell configuration, it will be transmitted when the SCell is activated. In Rel-11 for multiple TA, again the synchronization can also be assumed to follow the SCell group in which the SCell is included. For an existing SCell group, the SCell will follow the synchronization status of the SCell group (i.e. always in sync until the PCell goes out sync). For a new SCell group, the SCell can be modelled as UL in-sync or UL out-of-sync. Again for the former, if the SCell/SCell group is not UL synchronised from the eNB point of view, the eNB should not configure the periodic UL SRS when the SCell is configured. This is because when it is activated (to provide PDCCH order for RACH to bring it in sync), UL interference will be generated from the SRS transmissions. Only after UL synchronisation should the periodic UL SRS resources be configured (if needed) and this may require additional RRC signalling. On the cases where a SCell group goes UL out-of-sync (e.g. because of long deactivation period etc.) without the UE knowing it, the network will have to deconfigure the periodic UL SRS of all the SCells in the SCell group to ensure that when the UE is activated again for TA purpose, the periodic UL SRS is not transmitted before the SCell is brought back to UL synchronisation.
There are 2 observations that can be seen from the working of the per UE TAT timer:

Observation#1: With a per UE TAT, the UE will always assume that the Scell is in sync and will not be aware when the Scell goes UL out-of-sync.  It is the eNB’s responsibility to keep track of Scell TAT and out of sync status.

Observation#2: In order to prevent periodic UL SRS transmission from SCells in a UL out-of-sync SCell group the eNB needs to deconfigure or not configure the periodic UL SRS resources related to the SCell explicitly before one of the SCells is activated (for PDCCH order).
2.1.2 Analysis of Per group TA timer

The PCell group operates the same as the Rel-8/9/10 behaviour and runs independently to the SCell group.

Each SCell group runs its own TA timer as like the PCell group. The timer is (re)started whenever a RACH is performed on a SCell of the associated SCell group or when a TA Command is received by the UE for a TA update for a SCell group. When a TAT timer of a SCell group expires, the UE will assume the SCell group is UL out-of-sync and should perform the actions as in Rel-8/9/10 TA operation (e.g. stop UL TX on those SCell, flush soft buffer, release periodic SRS resources) for the SCell Group.

There may be situation when the SCell group is still UL in-sync while the PCell group has gone out of UL synchronisation (e.g. timers are starting at different time). Hence some UE behaviour needs to be specified if some autonomous UE actions are needed. 
When a SCell is first configured, whether it is UL synchronised depends on which TA group it is assigned. If it is assigned to a TA group with TA timer running, it will be UL in-sync. If it is assigned to a TA group with TA timer expiry, it will be UL out-of-sync. Periodic UL SRS can be configured during the SCell configuration as it will not be transmitted until the TA timer is running (which will be after RACH is performed). In the case where the SCell group goes UL out-of-sync, the periodic UL SRS resources of the SCells in the SCell group are autonomously released by the UE. 
As multiple timers are maintained, timing mismatch may occur between the UE and eNB due to the loss of TA Command. However this will be quite rare since TA command is sent as a MAC CE and is protected by HARQ. Even if it happens, it can be resolved by the eNB detection from the UL transmissions from the SCells in the SCell group (e.g. sending another TA command after detection etc.).

Observation#3: UE autonomously releases the periodic UL SRS resources of the SCells when the TA timer for the SCell group expires. 
Observation#4: The eNB can also pre-configure the UL SRS resources to a SCell in a new SCell group during SCell configuration and hence save on an additional RRC signalling.
2.2 Comparison between the per UE TA timer and per group TA timer
From the above observations, the main differences between per UE and per group TA timer can be summarised below:

· The UE needs to only maintain 1 timer for the per UE TA timer case but multiple timers for the per group timer case.
· The eNB needs to deconfigure the periodic SRS resources of the SCells in the SCell group via explicit RRC signalling on the SCell group when the SCell group is UL out-of-sync. Also in some cases (e.g. SCell configuration), extra RRC signalling is also required to add SRS resources (if required).  On the per group TA timer case, periodic SRS resources are autonomously released by the UE when the TA timer expires for the SCell group.

In view that the eNB needs to release the periodic SRS resources on the SCells in the SCell group (if configured) via explicit RRC signalling and in some cases extra RRC signalling is required to configure the periodic SRS resources, it is our preference that per group timer is adopted. 

Proposal: Per group TA timer should also be adopted for multiple TA scenarios.

3. Conclusion

It is requested that RAN2 discusses the following proposal:
Observation#1: With a per UE TAT, the UE will always assume that the Scell is in sync and will not be aware when the Scell goes out of sync.  It is the eNB’s responsibility to keep track of Scell TAT and out of sync status.

Observation#2: In order to prevent periodic UL SRS transmission from SCells in a UL out-of-sync SCell group the eNB needs to deconfigure or not configure the periodic UL SRS resources related to the SCell explicitly before one of the SCells is activated (for PDCCH order).

Observation#3: UE autonomously releases the periodic UL SRS resources of the SCells when the TA timer for the SCell group expires. 

Observation#4: The eNB can also pre-configure the UL SRS resources to a SCell in a new SCell group during SCell configuration and hence save on an additional RRC signalling.

Proposal: Per group TA timer should also be adopted for multiple TA scenarios.
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