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1 Introduction

During RAN2#74 meeting, the concept of “TA Group” was introduced, which is a set of serving cells with UL resource sharing the same TA value. The relationship between the configured SCells and the TA groups should be configured by eNB. The mechanism for TA group management was also discussed, e.g. whether TA group configuration is UE-specific or cell-specific. No conclusion had been drawn on the issues that whether regrouping for a specific CC during the lifetime of UE connection would be useful, and whether we have UE assistance information about grouping. In this document, these issues are discussed and our preferences are indicated. 
2 Discussion
According to the agreement that TA group is a set of serving cells with UL resource sharing the same TA value, which could consist of one serving cell, the objective for grouping is the configured serving cells. In Rel-10, all the configured serving cells can be considered within the same TA group. Different from single TA, the configured serving cells will be partitioned into mort than one groups when multiple TA is introduced. Considering timing alignment is a procedure only for UL CCs, it is questionable whether the configured serving cells without UL CC will also be grouped. In the same TA group, different serving cells may experience similar propagation environment, so DL timing and pathloss among the DL CCs may also be similar. In this case, the configured serving cell without UL CC may also be used as DL timing reference or pathloss reference, which is still being under discussion. However, just for simplicity, we prefer that only configured serving cells with configured UL needs to be grouped. 
Proposal 1: Only configured serving cells with configured UL need to be considered for TA grouping. 

2.1 Semi-static TA grouping configuration
RAN4 has indicated that in scenario 2/3 without RRH or repeater, timing difference between different serving cells is less than 0.52μs of 97~98% of the case, but could be large as 2.5μs for other cases. In these two scenarios, all the serving cells can be configured in one group as in most cases single TA is workable. 
In scenario 4a/4b/5a/5b, the propagation delay between different serving cells will be different for a particular UE, due to the difference in antenna locations or processing delays of the repeaters. When some of the aggregated serving cells provide macro coverage while others making use of RRH/repeater provides improve throughput at hot spots, the propagation environment is similar for the serving cells with the same RRH/repeater. In these four scenarios, multiple TA as well as different TA groups are always needed when UE is in the coverage overlaps. So network may group the serving cells with the same RRH in the same TA group, while group the serving cells providing macro coverage in the same TA group. Therefore, grouping can be semi-statically configured according to the deployment. 
But semi-static TA grouping requires that the network has a clear picture of the deployment, such as whether RRH is deployed or whether frequency selective repeaters exist in each cell as well as for which band each repeater is working for. However, it seems that different operator have different views on whether the network has the knowledge about the deployment. If the network can control the deployment, multiple TA should be initially configured together with the semi-static TA grouping configuration, no matter where UE is located. 
Proposal 2: If the network has the knowledge about the deployment, multiple TA should be initially configured together with the semi-static TA grouping configuration. 
2.2 Re-grouping
In our understanding, cell-specific TA group can be configured initially, i.e. network can group the configured serving cells according to the deployment characteristics, without considering where UE is located and whether multiple TA is really needed at that point of time. During UE mobility in the connection lifetime, such as moving into or moving out the coverage of RRH/repeater, the propagation environment between different serving cells may change. It is beneficial that re-grouping for the configured serving cells can be performed accordingly. 
Taking Figure 1 for example, at position A, only single TA may be needed, and the two serving cells can be in the same TA group. At position B, multiple TA would be needed, and the two serving cells should be in different TA groups. If UE moves from position A to position B, the difference of propagation delay between F1 and F2 will become larger and larger. If TA grouping configuration is not updated timely, UL timing adjustment will still be performed with single TA, and TA command is applied to both of UL CCs. However, such TA command may not compensate the longer propagation delay on F2 due to the processing time of the repeater. Although the TA timer is still running, UL synchronization on F2 might be lost gradually. The UL transmission such as PUSCH, SRS on F2 will cause interference to other UEs, and eNB can’t correctly detect the UL transmission either. The occurrence of such problem should be avoided, otherwise waste of radio resources may occur. 
If UE moves from position B to position A, and multiple TA has been initially configured according to the deployment, the problem will not be as serious as the movement from position A to position B. If TA grouping configuration is not updated timely, UL timing adjustment will still be performed with multiple TA and each UL CC will receive its own TA command. There is no impact to the UL synchronization. The only drawback is that redundant TA command has to be delivered, even though only one TA command is adequate. Therefore, unnecessary overhead will result in unnecessary radio resource usage. 
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According to the above observation, the grouping for a specific serving cell may change during the lifetime of UE connection. So we propose that regrouping needs to be supported through dedicated signaling. 
Proposal 3: Regrouping needs to be supported during the lifetime of UE connection. 

2.3 UE assistant information
Since the propagation environment is relevant to UE’s position, the network would need related information to regroup correctly. One possible method is that the eNB tries to get UE’s location information such as through GPS. Another possible method is that some assistant information is reported by UE, so that eNB can estimate UE’s propagation delay and perform grouping based on the estimation. 
One kind of possible assistant information is the DL reception timing different between different serving cells. According to the equation in [1], following equation can be derived:
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It can be interpreted as the TA value difference between different serving cells can be derived through the DL reception timing difference 
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and DL transmit timing difference 
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. RAN4 has indicated that BS timing alignment is specified to be up to 1.3μs, which is about two TA steps considering the step size of TA command is 0.52μs. The value 
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is known to eNB.
Take Figure 1 for example, when UE moves from position A to position B, the DL reception timing difference between F1 and F2 becomes larger. When the difference reached to certain threshold, UE can report such value to eNB. The eNB can be aware that the propagation environment between the two serving cells is too different to keep them in the same TA group. So we propose that regrouping may be performed according to the reported value for DL reception timing difference. 
Proposal 4: DL reception timing difference between configured serving cells can be considered as a candidate for UE assistant information.

3 Conclusion
In this contribution, we discuss the issues related to TA group management. Following proposals are provided:
Proposal 1: Only configured serving cells with configured UL need to be considered for TA grouping. 

Proposal 2: If the network has the knowledge about the deployment, multiple TA should be initially configured together with the semi-static TA grouping configuration. 

Proposal 3: Regrouping needs to be supported during the lifetime of UE connection. 

Proposal 4: DL reception timing difference between configured serving cells can be considered as a candidate for UE assistant information.
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