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1 Introduction

At the RAN2#74 meeting, the issue of UL TA grouping of CA for Rel-11 was discussed. The agreements were as follows [1]:
	Agreements:
1: Introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value. A group could consist of one serving cell.

2: The relationship between configured CC and TA Group should be configured by eNB

3: TA maintenance mechanism of PCell TA group remains same as Rel-10


However, there is an open issue that whether we have UE assistance information about grouping and reconfiguration during SCell lifetime on grouping [1].
In this contribution, we analyze the issue of TA grouping configuration and reconfiguration and share our opinions on it in the context of Rel-11.
2 Discussion

2.1 TA grouping issues
2.1.1 TA grouping conditions
In this section, we will first investigate the number of TA groups needed in various CA deployment scenarios defined in [4]. Two major aspects are considered:
· Collocated and non-collocated sites, and
· Intra-band and inter-band,
where non-collocated sites including eNB, RRH and repeater.

The following cases are considered:
1. Case 1: Collocated sites with intra-band carriers (e.g. Scenario 1)
According to [3], serving cells having UL to which the same TA applies (typically corresponding to the serving cells hosted by the same receiver) are grouped in a TA group. Hence one TA group is sufficient in this case;
2. Case 2: Collocated sites with inter-band carriers (e.g. Scenarios 2 and 3)
Since radio signals transmitted in different frequency bands may experience significantly different propagation delays, serving cells of different bands should be divided into different TA groups. Hence, more than one TA group is needed in this case;
3. Case 3: Non-collocated sites with inter-band carriers (e.g. Scenario 4 and 5)

Similar to Case 2, more than one TA group is needed for inter-band deployments;

4. Case 4: Non-collocated sites with intra-band carriers
In this case, a frequency selective repeater shares the same carrier frequency as one of the cells. However, different TA values have to be applied to the eNB and the repeater, since the significantly different propagation delays caused by geographically separated site locations. Hence, in this case more than one TA group is needed.
The above comparisons are summarized in Table 1. Our conclusion is that more than one TA group is need, if non-collocated sites or inter-band carriers are deployed.
Table 1: Comparisons of TA grouping options for various CA deployment scenarios.
	
	Collocated sites
	Non-collocated sites

	Intra-band
	one TA group
	more than one TA group

	Inter-band
	more than one TA group
	more than one TA group


2.1.2 TA grouping scheme
Cell specific TA grouping schemes were discussed in last meeting [1], as summarized below:

· The eNB could configure its cells into TA groups independently to UE’s location. Configurations of TA groups and their related cells are fixed or changed semi-statically;
· The eNB should be aware of all factors resulting in multiple TAs for its cells, including locations of sites of different types, intra-/inter-band frequencies, etc;
· The eNB allocates the same TA grouping configuration for all UEs it serves. Once allocated, configuration of TA groups may not be modified, unless the deployment of eNB (e.g. intra/inter-band, collocated/non-collocated sites) is changed.

According to our analysis in the previous section, cell specific TA grouping may be used for Cases 1, 2 and 3, where the serving cells may be categorized as different TA groups based on their deployment configurations. 
However, for example in Scenario 5, TA values may become quite different between an eNB and a repeater. More specifically, since the radio signals from the eNB and from the repeater experiences different propagation delays, the serving cell hosted directly by eNB and repeated by the repeater, should belong to different TA group depending on UE’s geographical location. Furthermore, as discussed in RAN2#74 meeting, operators may not know the location of the repeaters [1]. Thus it is difficult for the cell specific TA grouping scheme to accommodate eNB and the repeaters, which may be located in distanced areas.
On the other hand, as the UE moves to different locations, for instance from the coverage area of an eNB to that of a repeater, it may suffer significant shifting between the same signal from the eNB and that from the repeater. In this case, the TA groups of the serving cell hosted by both eNB and repeater may need to be reconfigured for reflecting the change of site location. Depending on UEs’ movement trajectory, such reconfiguration may have to be frequent, thus resulting a high signalling overhead.
Observation 1: Cell specific TA grouping can be used in CA Deployment Scenarios 1, 2, 3 and 4 defined in [4].
Observation 2: The TA group for the serving cell simultaneously hosted by eNB and/or repeater may need to be reconfigured in CA Deployment Scenario 5.
2.1.3 UE assisted TA grouping
For Scenario 5, an open issue discussed in last meeting was whether it is possible for UE to realize the fact that the serving cell is expanded by repeater before serving cells are grouped for the UE.
From implementation perspective, it is unlikely for UE to differentiate the sources of the signals. In other words, it will not be able to know whether its received signal is transmitted from the eNB or from the repeater. In fact, the signals, which are either transmitted by eNB or repeated by repeater, come from the same source (i.e. the eNB), but suffer different propagation delays and path losses. Similarly, the eNB may be incapable of distinguishing the sources of signals it received from, which can be transmitted from the UE directly or forwarded by the repeater. Thus, the eNB may not be able to differentiate the signals forwarded by repeater with that delayed by normal multi-path transmissions.
Based on above analysis, we think that it is hard to identify any information that may be fed back from UE for assisting the eNB in distinguishing the needed change of TA value.

Observation 3: UE may not be able to provide useful and quick feedback information for assisting eNB in deciding the change of TA value.
2.2 TA grouping configuration and reconfiguration
As discussed above, cell specific TA grouping scheme can be used in CA Deployment Scenarios 1, 2, 3 and 4. The serving cell simultaneously hosted by eNB and repeated by repeater may be changed to another TA group in CA Deployment Scenario 5. However, in Scenario 5 the eNB may not be able to know the existence of repeaters, meaning that the TA information may not be achievable in advance [2].
Repeaters are usually deployed in areas suffering bad signal quality, such as at cell edge or in shadowed buildings. We agree that the number of UEs served by repeaters is typically lower than the number of UEs served by normal cells [2]. Considering saving signalling overhead, we think it is reasonable that cell specific TA grouping scheme, which is based on eNB’s deployment configurations, is sufficient for initial configuration of UE’s TA groups. When the deployment of eNB is changed, such as change of site locations, switching from intra-band to inter-band, etc, the pre-configured TA grouping should be updated according to the latest situation.
2.2.1 Pre-configured TA groups
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Fig. 1: Example of pre-configured TA groups for eNB.
In the example shown in Fig. 1, we assume that eNB has three cells. Cell 1 and 2 are intra-band, but Cell 3 is inter-band against Cell 1 and 2. In this case, eNB can initially configure the three cells as two TA groups based on their coverage. More specifically, Cell 1 and 2 may be accommodated by pre-configured TA Group 1 and Cell 3 by pre-configured TA Group 2.

Proposal 1: The eNB may initially group all its cells into one or more pre-configured TA groups based on its deployment configurations such as site locations, type of bands, etc.
2.2.2 TA grouping for UE’s serving cells
Once a cell is activated for services, the eNB may directly map it to a TA group pre-configured for this cell. The UEs served by this cell are then mapped to the above-mentioned TA group. Note that non-serving cells should not be considered for TA group configuration for UEs, simply because it does not make much sense to maintain non-serving cells’ TAs.
Similarly, the eNB may also allocate UE’s SCell to pre-configured TA groups. Same or different TA groups that contain one or multiple cells for each UE may be pre-allocated, depending on the TAs of the serving cells and UE’s location. With the aid of pre-configured TA groups, the RA procedure can be avoided when SCell is activated, provided that the TA value for SCell corresponds to the same existing TA group for the UE. Otherwise, the RA procedure is needed.
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Fig. 2: Example of TA grouping for UE’s serving cells.
As Fig. 2 shows, assume that PCell of UE is Cell 1, which belongs to a TA group mapped by pre-configured TA group for eNB. The SCell of UE is Cell 2, which is also mapped to the same TA group as PCell, since Cell 1 and Cell 2 already belong to the same pre-configured TA Group 1 for eNB.
Proposal 2: If UE’s SCell can be allocated to UE’s existing TA group, RA procedure is not needed; otherwise, RA procedure should be performed for acquiring UL synchronisation and for assisting in obtaining TA value of this SCell, which can be used to create a new TA group for this SCell.
2.2.3 TA grouping reconfiguration
The eNB can adjust the TA value of UE’s serving cell based on signals received from different sites (e.g. hosted by marco, RRH and repeaters). As discussed in previous sections, in Scenario 5 the UE’s UL signal in serving cell is transmitted through multiple paths to both eNB and repeater.
Observation 4: eNB can be aware of that TA value of UE’s serving cell is changed and use TA command or RA procedure to obtain UL time alignments.
Considering Scenario 5, we believe that reconfiguration of TA grouping is needed. More explicitly, the TA value of serving cell may change significantly (due to for instance UE’s mobility from macro to repeater area), which therefore becomes significantly different from the original value that has been bound for the other serving cells in the same TA group concerned. If this happens, eNB should allocate this TA-changed serving cell to other existing TA groups or to a newly created TA group, based on the new TA value which can be derived for example through RACH or proprietary algorithms. Thus, it is more reasonable to allow eNB to reconfigure TA groups, if it is capable of realizing that the TA value of serving cell is no longer consistent with its TA group.
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Fig. 3: Example of TA grouping reconfiguration.
As plotted in Fig. 3, PCell and SCell are grouped into TA Group A of UE. When eNB knows that TA value is different from that corresponding to TA Group A, this SCell should be reconfigured to another existing TA group or be added to a new TA group. In Fig. 3, a new TA Group B is created for UE to include the SCell.
Since the variation of TA value may exceed the maximum adjustable range of TA command, eNB may not always be able to adjust the TA value through TA command or by reconfiguring TA groups without RA procedure. To obtain initial UL time alignment for a SCell group in this case, RA procedure can be performed for the serving cell whose TA value is different from existing TA group of UE.

Proposal 3: eNB can reconfigure a serving cell of UE to an existing or new TA group, if eNB believes that TA values of this serving cell is different from its original TA group.
Proposal 4: RA procedure can be used for reconfiguration of TA grouping.
3 Conclusion
In thie contribution, we have discussed the TA grouping configuration and reconfiguration issues. Based on the detailed analysis are provided, we suggest that following proposals are considered and agreed:
Proposal 1: The eNB may initially group all its cells into one or more pre-configured TA groups based on its deployment configurations such as site locations, type of bands, etc.
Proposal 2: If UE’s SCell can be allocated to UE’s existing TA group, RA procedure is not needed. Otherwise, RA procedure can be performed for assissting in obtaining TA value of this SCell in order to creat a new TA group for this SCell.
Proposal 3: eNB can reconfigure a serving cell of UE to an existing or new TA group, if eNB believes that TA values of this serving cell is different from its original TA group.
Proposal 4: RA procedure can be used for reconfiguration of TA grouping. 
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