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1 Introduction

In [1], RAN2 informs RAN4 the following understanding:

Though DL assignments and UL grants transmitted in the same TTI on different CCs may be received by the UE at different times at the physical layer (e.g. depending on number of control symbols, propagation and deployment scenario), the order of arrival at the physical layer does not affect MAC operation
And RAN2 believes it is in RAN4 scope to determine the need and details of timing alignment in network and the time offset that UE is required to support. In this contribution, we discuss the related issues.
2 Discussion
2.1  Subframe timing

The timing between eNB transmission and UE’s response is specified in [2]. For instance the timing between a grant and the PUSCH or PHICH/PDCCH and PUSCH is specified. In case of carrier aggregation (CA), a control command may be received on DL CC1 and the response may be transmitted on a different UL CC2.  It is necessary not only to ensure that the UE has enough time to perform its operations but also to fully define in which subframe each transmission is expected.

For example if the UE receives transport blocks (TBs) on both DL CC1 (e.g. PCC) and DL CC2 in subframe n, it would respond ACK/NACK for every TB in subframe n+4 on the UL PCC. This means that UE should decode the TB1 of DL CC1 and TB2 of DL CC2, and then generate the ACK/NACK responses within 3 subframes minus 0.67ms, which is the maximum timing advance of 20512Ts. As illustrated in Figure 1 [3], if the timing of the DL CC2 is retarded compared with DL CC1, and then UE has less time even no enough time to generate the ACK/NACK for the TB2 because it must send the responses on the UL PCC in time. A similar situation exists with PDCCH on DL CC1 and scheduling PUSCH on DL CC2.
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                                                 Figure 1 the ACK/NACK response in CA

In general, the difference of the subframe boundary between two aggregated CCs at UE receiver should be small and make sure the HARQ procedure can be handled. Thus we need to find the solutions to guarantee this. 
There are two approaches to solve the problems:
· Alternative 1: the reception of DL CCs should be synchronized at the UE.
· Alternative 2: the transmission of DL CCs should be  synchronized at the eNB,
The goal of alternative 1 is to make the UE receive the subframes from all DL CCs as much synchronized as possible, which is best for MAC procedure and it has less challenges for UE’s processing capability in physical layer. However, it is difficult to achieve the goal due to the complexity of compensation at the eNB. For an example, when RRH is deployed as illustrated in Figure 2 [4], where UE1 and UE2 receive signals on DL CC1 from eNB but receive the signals on DL CC2 from RRH. In order to make the signals on both DL CCs aligned at the receivers of both UE1 and UE2, the compensation offset from UE1 is the possible propagation delay (L11-L12) -Δ and the compensation offset from UE2 is the possible propagation delay (L21-L22) -Δ, where Δ is the delay from RRH to the eNB. It is found that the compensation offsets from UE1 and UE2 may be quite different so that it may be difficult for eNB to do the compensation at the transmitters.
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Figure 2 DL timing with RRH
For alternative 2, we only try to synchronize the transmitting time of aggregated CCs. The arriving time at UE would be different due to different propagation time in the air, but this would be same as the delay difference between different path in one carrier, and we think it would be within the CP capability. So this kind of synchronization is enough to make sure that the order of arrival at the physical layer does not affect the MAC operation. More important, in the case of RRH deployment as shown in Figure 2, it is easy for eNB to compensate the delay from RRH to the eNB in order to guarantee the RRH and eNB to transmit the CC1 and CC2 at the same time. 
In LTE TDD system, if the subframe timing is not aligned, it would result in the simultaneous DL and UL transmission on adjacent frequency which will bring serious interference problem at the eNB. And in HSDPA system, primary and secondary serving HS-DSCH cells are required to have the same timings [6]. 
According to the analysis above, we suggest that the transmission timings of DL CCs need to be aligned in the subframe level at the transmitters in CA.
Proposal 1: The transmission timings of DL CCs need to be aligned in the subframe level at the transmitters in CA.
2.2  Requirements
In [7], the requirements of UE transmit timing are defined specifically. Further more, in case of CA the requirements of timing alignment at the eNB are also necessary according to the LTE TDD system and HSDPA system. Thus, we suggest that the requirements of timing alignment at the eNB need to be specified in the standard in CA.
Proposal 2: The requirements of timing alignment at the transmitters need to be specified in the standard in CA.
3 Conclusion
This contribution provides a discussion of the timing alignment in CA and some proposals are given as follows:
Proposal 1: The transmission timing of DL CCs needs to be aligned in the subframe level at the transmitters in CA.
Proposal 2: The requirements of timing alignment at the transmitters need to be specified in the standard in CA.
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