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Discussion and Decision
1 Introduction 
At RAN2 #74, the “TA group” concept has been agreed [1], specifying that the serving cells in the same TA group shall use the same TA. Furthermore it has been agreed that the relationship between the configured CCs and the TA group shall be configured by eNB. According to the discussion during the meeting, the TA group management issue should also be considered e.g. whether the grouping for specific CCs is expected to change during the lifetime of the UE connection.
In the paper, the need for TA group management, according to the different scenarios, and then possible solutions are investigated.
2 Discussion
2.1 Alternatives for TA group management 
As also described in [2], there are basically two different approaches for TA group management: Cell-specific TA group management and UE-specific TA group management.

· Cell-specific TA group management
The first approach is simpler and allows the eNB to define TA groups based on some a-priori knowledge (i.e. via OAM) of the network characteristics. For instance the eNB could configure a TA group per UL band. In this case, whenever an UL Scell in a new band is configured for a given UE, a new TA group is defined. If later on a further UL Scell is configured in one of the bands already used, the new SCell will be assigned to the corresponding TA group. This approach would work in all deployment scenarios, including Scenarios #4 and #5 in [3], if the CCs handled by RRHs (Scenario #4) and repeaters (Scenario #5) are in a different band with respect to those not handled by RRHs/repeaters.

But also in case of RRHs handling CCs in the same band as the macro cell, or in case of (known) repeaters which are ‘frequency selective within a specific band’, the eNB could use this knowledge to create additional TA groups correspondingly (e.g. one per UL band/RRH/repeater).
The only scenario which could not be addressed by this simple solution is the one of unknown repeaters which are ‘frequency selective within a specific band’ (which are not so typical at the moment), which – depending on the UE location - could lead to the unforeseeable need of additional TA groups. This is shown in Figure 1 below, where the coverage of the green cell (which could be in the same band as the blue cell) is extended by a frequency-selective repeater. If the eNB has no idea of the existence of the repeater it will not assign a different TA for the green frequency/cell, although this might be needed when the UE enters the coverage area of the repeater.
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Figure 1: Network deployment with a repeater
Observation 1: A Cell-specific TA group management could handle all the deployment scenarios, apart from the case of unknown repeaters which are frequency selective within a specific band.
On the other hand, the limitation of a Cell-specific TA group management is that in some cases it would lead to the definition of unnecessary TA groups, because sometimes SCells in different bands could reuse the same TA group. For instance: 

· for scenarios #2 and #3, a RAN4 LS has already indicated that in 97-98% of the cases one TA would be sufficient
· for scenario #5, the actual need of more than one TA also depends on the UE location (i.e. if it is in the coverage area of the repeater or not)

Observation 2: A Cell-specific TA group management could often lead to the definition of unnecessary TA groups.
· UE-specific TA group management
The possible limitations of a Cell-specific TA group management can be avoided by the adoption of a UE-specific TA group management approach. In this case the idea is that the eNB could define some UE-specific TA groups, e.g. depending on the UE location, and it could also reconfigure them during the UE connection. The eNB decision could be based upon measurements or assistance information provided by the UE. However, it seems difficult for the eNB to obtain the needed information before the SCell configuration, when the corresponding TA group needs to be communicated to the UE (actually some measurements could be required to the UE before the SCell is configured, but this would probably delay the configuration too much). If such information are not available at SCell configuration, even if a UE-specific TA group management solution will be introduced, the eNB will anyway have to start from some cell-based TA group configuration when initially assigning resources to a given UE. This also implies that, in the realistic assumption that the network wants to adopt a safe approach and initially configure all possibly required TA groups, the initial number of TA groups at SCell configuration would probably be the same as in the Cell-specific TA group management approach. 
Observation 3: Even if case of UE-specific TA group management, the initial number of TA groups at SCell configuration would probably be the same as in the Cell-specific TA group management approach.
Considering this, it seems that a UE-specific TA group management solution would likely not reduce the complexity in the network and in the UE, in terms of number of TA groups to handle. So the real advantage of a UE-specific TA group management solution seems to be the capability to cover the very specific scenarios that cannot be covered by the Cell-specific TA group management approach (see Observation 1). If it is confirmed that such scenarios need to be covered, it is then suggested to further investigate the feasibility of a UE-specific TA group management approach.
Proposal 1: The feasibility of a UE-specific TA group management approach should be further investigated.
2.2 Solutions for UE-specific TA group management
If a UE-specific TA group management solution is introduced, after the initial TA group configuration (based on cell-specific parameters), for the eNB it shall be possible to reconfigure the TA groups, based on the specific UE conditions.
The eNB will clearly continuously check the received UL signals to decide whether new TA commands should be issued or not. Additionally the eNB could measure the time drift separately for different UL cells and then decide, if the time drifts are different for different cells, to reconfigure the TA groups accordingly. For instance, assuming that two cells were initially put in the same TA group, if the measured time drifts at the eNB side are different for the two cells, the eNB could then reconfigure the TA group (creating two different ones) and then send two different TA commands to the two groups. However, this approach – based on measurement of the arrival times at the eNB - is not possible when the Scells are deactivated. In this case some UE assistance information would be needed.
Proposal 2: To support a UE-specific TA group management solution, some UE assistance information shall be required.
The UE assistance information could be based on the principle that if the time drifts of DL signals are different for different cells, also the overall TA of such cells is expected to be different. With this assumption, after the Scells and the corresponding TA groups are configured by the eNB, the UE could monitor the time difference of the DL signals (such as synchronization signals or reference signals) of all the configured cells (including the deactivated ones). If the time difference among cells in different TA groups becomes smaller than a configured threshold, this would indicate that the corresponding cells could probably use the same TA. The UE could send assistance information to notify the eNB that a TA grouping adjustment could be needed. The eNB could then configure or reconfigure the TA groups accordingly. Conversely, if the time difference among cells in the same TA group becomes larger than another configured threshold, this would indicate that the corresponding cells would need different TAs and corresponding information should be sent to the eNB. 
Proposal 3: The UE assistance information shall be based on the UE monitoring of the time difference of the DL signals.
The indication to start DL signal detection and the thresholds triggering the reporting of the assistance information can be configured by the eNB, e.g. as part of the measurement configuration. And the measurement report can be used to provide the assistance information report. The procedure for TA group management with UE assistance information is shown in Figure 2 below:
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Figure 2. Procedure of TA group management with UE assistance information
Proposal 4: The indication to start DL signal detection and the thresholds triggering the reporting of the assistance information can be configured by the eNB.
3 Conclusion
According to the analysis above, we propose that:
Proposal 1: The feasibility of a UE-specific TA group management approach should be further investigated.
Proposal 2: To support a UE-specific TA group management solution, some UE assistance information shall be required.

Proposal 3: The UE assistance information shall be based on the UE monitoring of the time difference of the DL signals.
Proposal 4: The indication to start DL signal detection and the thresholds triggering the reporting of the assistance information can be configured by the eNB.
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