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1 Introduction
In RAN2#74 it was agreed to support grouping of serving cells which share the same TA value. It was further agreed that the relationship between a configured CC and a TA group should be configured by the NW. In this paper we analyze different ways of achieving this grouping. Also it is discussed whether it is expected that serving cells will need to change TA groups frequently and if changing of TA groups should be supported in Rel-11.
2 Management of TA groups 
2.1 Associating the PCell with a TA Group

In Rel-10, there is no configuration of the PCell’s Cell Index (ServCellIndex). It is always zero, while the Cell Index of an SCell is configured uniquely for a specific UE in the range of 1-7 (SCellIndex). When looking at grouping, the Rel-10 behavior when all serving cells share the same TA value could be considered as if all serving cells are associated with the same TA group and where the TA value of this group is obtained at initial access on the PCell. Based on this legacy behavior it would seem straightforward to always have the PCell in a default TA group, thus not requiring any additional signaling for the PCell group assignment. 
While the discussion should still be held for SCells, it would seem preferable to not allow the PCell to change TA groups as this could require special handling due to the PCell not being configured/activated in the same way as SCells. The case when the eNB decides that a PCell and an SCell belonging to the same TA group, would at a certain point in time require separate TA values, could instead be solved by changing the TA group membership of the SCell. 
Proposal 1 The PCell is always associated with a default TA group.

Proposal 2 TA group change for the PCell is not allowed.
2.2 Associating an SCell with a TA group

A serving cell needs to have UL synchronization when it performs its first UL transmission in order to not disturb other transmissions. It would further seem straightforward that an SCell would need to have an association with a TA group before obtaining UL synch, whether it is by performing a PDCCH ordered RA, upon reception of a TAC MAC CE or by using the TA value of another serving cell or group of serving cells. 
Since an SCell could become UL synchronized the earliest upon its activation, activation would seem to be the latest point in time to associate an SCell with a TA group. Both at configuration and activation, there is existing signalling towards the SCell which could be reused for the group assignment and we could thus avoid introducing a separate procedure for this.. 

To avoid reliability issues it should be made sure that the TA group assignment is always sent in the same transport block as the activation/deactivation MAC CE or the SCell configuration. The eNB would then be able to detect a missing group assignment based on detection of a missed activation/deactivation or SCell configuration, respectively. 

With either of the solutions described below, if no TA group assignment is provided, the activated SCell(s) would implicitly be associated with the same TA group as the PCell, thus ensuring that a Rel-11 UE would behave like a Rel-10 UE in a Rel-10 network with regards to the time alignment functionality.
2.2.1 Grouping as part of SCell Configuration

When the eNB configures an SCell with a configured uplink, it would similarly to assigning the SCell a Cell Index also assign the SCell to a specific TA group, either one which has other serving cells belonging to it or to its own TA group. 
If changing of  TA groups would be allowed, this would require an RRC Reconfiguration, which would take some time, but if TA groups are expected to be rather static this could be acceptable. 

2.2.2 Grouping as part of SCell Activation

When the eNB activates the SCell, the TA group identity would be included in the Activation/Deactivation MAC CE. Similar to the Extended PHR, the TA group ID would be included only for those SCells which are indicated as activated. 

If changing of TA groups would be allowed, the group id for a specific SCell could simply be changed at the next transmission of an Activation/Deactivation MAC CE. Also, since it is possible to send this message without changing the activation status of the SCells, it would even be possible to send an extra message solely for the purpose of a group change. 
2.2.3 Analysis of different grouping alternatives

Based on the analysis above it would seem that both alternatives are feasible and would both have limited impact on the standard. Performing the grouping at activation gives the eNB a later decision point regarding the group association, but if grouping is to be based mainly on deployment this should not matter so much. 
While MAC would be considered less reliable than RRC, as mentioned in 2.2, the eNB would still be able to detect a missing group assignment and hence this issue could be mitigated.
Looking at the TA maintenance functionality in general, it is handled on a MAC level with regards to the TA value assignment. Therefore it would be nice to have also the TA grouping on a MAC level. Also, if there is a need to change TA groups, a MAC level mechanism would be faster.

Proposal 3 Use the Activation/Deactivation MAC CE to assign an SCell to a TA group.
2.3  Changing TA groups
In general TA groups would seem to be something static as they seem to mainly depend on deployment. Only in rare cases would a serving cell need to change TA group. One identified case is in an UL repeater deployment, when the UE is initially closer to an UL repeater than the macro base station and is assigned a TA group based on the UL transmission over the repeater. If the UE then moves and becomes close enough to the macro to have its UL transmission performed directly to the macro and no longer over the repeater, then this SCell may need to be transferred to another TA group in order for the eNB to be able to provide correct TA values to all serving cells. This would however seem to be a very rare case.
With grouping as part of SCell activation, in order to change TA groups for an SCell the eNB would simply need to send an Activation/Deactivation Command not changing the activation status of any SCell, but only changing the TA group identity for the SCell in question. With grouping as part of SCell configuration, an RRC Connection Reconfiguration Command would have to be sent indicating the new TA group for the SCell. Either solution would work sufficiently well, the RRC based solution taking a bit longer time. 

Observation: Change of TA groups for SCells is supported per default by both TA grouping solutions discussed in this paper.

Since no additional specification effort is needed to support TA group change for SCells, we see no reason for prohibiting it. Adding such restrictions may even cause additional complexity or at least some special handling in implementation. 
3 Conclusion

Based on the analysis above it would seem like a good solution to associate the PCell with a default TA group and to associate the SCells with a TA group (the default group or other group) upon SCell Activation. Changing of TA groups for SCells would also be supported with this method and therefore we see no reason for prohibiting it. Hence we propose the following:
Proposal 1
The PCell is always associated with a default TA group.
Proposal 2
TA group change for the PCell is not allowed.
Proposal 3
Use the Activation/Deactivation MAC CE to assign an SCell to a TA group.
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