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1 Introduction
The issue of multiple TAs was discussed in previous RAN2 and RAN4 meetings [1] [2] [3] [4] [5], with the conclusion that it is necessary in the inter-band aggregation scenarios with RRH and repeaters [6]. Currently, it has been clarified as one of the features in Rel-11 [7]. In this contribution, two alternatives are provided and discussed.
2 Discussion

If the band selected repeater or the RRH is applied in the UL inter-band aggregation scenario, multiple TAs are necessary for UE as illuminated in figure1 [6].
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                                            Figure 1: two scenarios of multiple TA
In these 2 cases, the UL signals experience the different transmission delay. Therefore, UE should transmit the UL signals at the different moments in order to guarantee that all the UL signals could arrive at the eNB synchronously.
However, using multiple TAs does not mean it should be maintained via Uu interface signalling i.e. with assistance from eNB. In this case, there are 2 alternatives.
2.1 Alternative1: Multiple TA(s) maintained by UE implementation without assistance from eNB
With the assumption that the delay (including the propagation delay and the process delay) in UL is quite similar with DL of a cell, UE could deduce the uplink transmission delay difference between two cells according to the downlink transmission delay difference, which could be detected by UE itself. Based on the TA value of PCell, UE could compute the TA value for the SCell as the following formula(the reference for 
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This alternative is very simple. It need not any modification to the TA maintain procedure in Rel8/9/10, and the extra RA procedure on Scell is not needed. Before uplink transmitting on the SCell, UE should detect the downlink transmission delay difference between the PCell and SCell, and then compute the TA value for the target SCell. The main issue of this alternative is the timing accuracy: 

2.1.1 Issue 1a: the TA accuracy

Alternative1 is based on a work assumption that the fairly same transmission path leads to the similar transmission delay in the two directions. Since the transmission delay in the uplink and the downlink are not same exactly, the deduced TA value is not very accurate. Based on the presented results in [8], the throughput would be deteriorated due to the uplink arrival timing error.
As shown in the figure2, the perfect TA for the PCell is between 2 TA steps, so eNB could set the TA value to the point indicated by green arrow. In this way, the difference between the real TA and the perfect TA of Pcell is introduced as ‘t’ in the figure. The perfect TA for the SCell is the PCell’s perfect TA plus the uplink transmission delay difference, which is the point indicated by blue arrow. However, From the UE point of view, the computed TA value for the SCell is the real TA for the PCell plus the downlink transmission delay difference, which is the point indicated by purple arrow. If 
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 denotes the downlink transmission delay difference between 2 aggregated cells, and 
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denotes the uplink transmission delay difference between these 2 cells，the difference between the real TA and the perfect TA for the SCell is 
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Figure 2: the accuracy of the deduced TA

If this alternative is considerable from RAN2 point of view, an LS should be sent to RAN4 to evaluate the uplink timing accuracy and the corresponding throughput deterioration of this alternative, and to see if it is acceptable.
Proposal1: Discuss if alternative 1 is considerable, and send LS to RAN4 for timing accuracy evaluation
2.2 Alternative 2: Multiple TAs are maintained via Uu interface

For this alternative, the cells are divided into several groups, and one TA is applied for each group. All the cells in a group share the same TA value, and all the TAs should be maintained via Uu interface separately. For example. This alternative leads some modifications to the specification. Following issues should be further discussed:
2.2.1 Issue 2a:  the TA group management

The first issue for the alternative 2 is How to divide the multiple cells into TA groups? According to the LS from RAN4, The multiple TAs should be applied in the scenarios with RRH and repeaters when the UL inter-band aggregation is supported [6]. 
For the scenario 4, the eNB is fully aware of the RRH existence and its configurations, and the eNB could configure the TA group easily. For example, the F1 with the macro cells could be regarded as one TA group, and the F2 with all  micro cells provided by remote radio heads (RRHs) could be regarded as the other TA group.
However, the TA group configuration may be complex for the scenario 5 due to two facts:

· The eNB is not aware of the repeater’s existence. 
· One frequency’s coverage is is divided into 2 parts: the eNB directly covering areas and the repeater covering areas. 
Two options can be considered, but both of them have some drawbacks:
· Option1: Different TA value for difference cells is only used when the UE enter into the repeater’s coverage. That means F1 and F2 (as shown in the scenario 5) belong to the same TA group for the UEs under the macro coverage, but  they belong to different TA group for the UUs under the repeator’s coverage. Some mechenism needs to be introduced for eNB to ditermine where is the UE adaptively.
· Option2: the TA group is determined per band.  that  means all eNB(s) need maintain the multiple TA(s) for all UE(s) regardless if there is a repeater and if the UE is covered by the repeater or not. This would be quite unnecessary and aggresive.
2.2.2 Issue 2b:  Random Access Procedure
Since all the TA(s) are maintained separately, and RA procedure is necessary to obtain the initial TA value for a cell group, following issues should be settled. 
· When to trigger the Random Access Procedure? In the SCell addition procedure without available TA and the handover procedure, the two choices are considerable, i.e. upon SCell addition or upon SCell activation. Because UE could not transmit any uplink data in SCell until the SCell activation, the RA procedure upon the SCell activation is a better choice, this would cause additional delay. On the other hand, if it is done upon Scell addition, it would cause unnecessary TA maintenance for some times.

· Whether the parallel Random Access Procedure is allowed? If the resuming of data transmission after handover is an important feature in Rel-11, the parallel RA procedure may be required. In the case of uplink data arrival or the uplink resource request, the better solution is resuming the uplink synchronization for PCell firstly, so the RA procedure on the SCell is not needed. 
· Which cell should be selected to do Random Access Procedure? Since several cells in one group are available, which cell should be selected to transmit the preamble is also a problem. this would impact the MAC layer specification
2.2.3   Issue 2c:  the TA Command Procedure
In the current specification, the TA Command MAC CE only includes one TA value without any cell or gourp indicator. The multiple TA group will make it complex, two possible choices:

· The eNB always transmit the TA command in the cells whose group TA value should be adjusted. 
· Including the adjusted cells/group ID in the MAC CE. 
Whichever is adopted, some modifications to the current specification are necessary.
2.2.4  Issue 2d: TA timer configuration

Obviously, every TA group should maintain its TA timer independently. The UE action when the TAT expires is more complex. For example, UE should release the dedicated PUCCH resource when the TAT of the PCell expires, but this procedure may be not appropriate when the TAT of the other SCell expires. 
3 Conclusion

In this contribution, we provide and analyze two alternatives for multiple TA maintenance: 

Alternative1 is to maintain the addtional TA by UE implementation (i.e. timing measurement and evaluation) without assistance from eNB. This alternative is quite simple but need more evaluation on the timing accuracy and the consequent impact on throughput. 
Proposal 1: Discuss if alternative 1 is considerable, and send LS to RAN4 for timing accuracy evaluation

Alternative 2 is to maintain multiple TAs with the assitance from network as same as the TA maintainance for Pcell in rel8/9/10. As our analysis, much impact on spefication with alternative 2, so it is proposed:

Proposal  2: If the alternative 1 is not agreeable, follwong aspects should be discussed with regard to alternative 2:
· the TA group management

· the Random Access Procedure
· the TA  Command Procedure
· The TA Timer configuration
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