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1 Introduction

This paper discusses the relative timing of subframes, radio frames and SFN in the 5 CA scenarios under consideration for Rel-10 in case of FDD. We identify that alignment of subframes of CCs provided by one eNB is beneficial and propose to agree on this assumption for the remaining work of CA specification. Requirement to align radio frames and SFN are less clear and could be discussed further.
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. With CA, a control command may be received on DL CC1 and the response transmitted on a different UL CC2.  There is a need to ensure that the UE has enough time to perform its operations and also to fully define in which subframe each transmission is expected.

For example if the UE receives transport blocks on CC1 and CC2 downlink carriers 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 TB of CC1 and generate the ACK/NACK response within 3 subframes minus 0.66ms (the maximum timing advance). As illustrated on Figure 1, if the CC2’s downlink timing is retarded compared to CC1, UE has less time to generate the ack/nak for that TB, because it must send the response on the UL PCC.  
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                                                 Figure 1: the ACK/NACK response in CA

A similar situation exists, for instance with PDCCH on CC1 scheduling PUSCH on CC2.
There are two approaches to handle this situation:
Alternative 1: attempt to synchronize the reception of DL CCs at the UE
Alternative 2: make no attempt to synchronize the reception at the UE and instead specify the timing relationships to cope with not aligned timing, or force the UE to process faster.
With alternative 1, the goal is to have the UE receive subframes as much synchronized as possible. This is easily doable when all the CCs are transmitted by the eNB. When RRH are used, the subframes boundaries should be aligned out of the eNB and out of the RRH. This however does not ensure aligned reception at the UE and some care is needed in big cells. i.e. in a big cell with the RRH at the border, the RRH CC would be received first, and if that is the PCC, there is not enough time to process the SCC from eNB. With repeaters, no particular issue is foreseen as the extra delay added by a repeater less than 10us [1].
With alternative 2, either the processing time in the UE must be reduced, or the timing relationships must be adapted. For instance in Figure 1, the yellow Ack may need to go on n+5 instead of n+4. Otherwise, the UE may be required to process up to 1ms faster than in Rel-8. Both of these options seem quite complex.

At this stage, it seems beneficial to check with RAN2 if it is reasonable to progress our specifications based on this understanding:

Proposal 1: The transmission time of DL CC’s subframe boundaries is aligned by the eNB.

Proposal 1bis: When RRH are used, the transmission time of DL CC’s subframe boundaries is aligned at eNB and RRH.
2.2 Radio frame timing
For the radio frame timing of CCs from an eNB, there are also 2 alternatives: synchronized and unsynchronized. 
As agreed in RAN2, common DRX is employed. Because DRX active time calculation is based on the SFN and subframe, the result may be different for different DL CCs if the radio frames are not aligned. As a result, the DRX state may not be the same on various CCs configured for a UE. 
Also the BCCH modification boundaries would not align in case of unsynchronized SFN boundary. This is illuminated in figure 2.
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                                           Figure 2: the GAP in the BCCH modification period
On the other hand, offsetting the subframes carrying paging or SIB1 in different CCs may help in dealing with interference conditions, which may be found in heterogeneous networks.

At this stage, we have found no clear requirement regarding the alignment of radio frame boundaries and it seems no assumption is needed regarding eNB behaviour.

Proposal 2: there is no need to assume that the eNB will align radio frame boundaries across CCs
2.3 System Frame Number
The same comment about DRX active time and BCCH modifications applies to the setting of the SFN. But again, while aligning the CCs SFN may be nice, it does not seem essential.

Proposal 3: there is no need to assume that the eNB will align the SFN across CCs
3 Conclusion
The proposals in this paper may seem useless because as they appear to be eNB implementation, which is not specified. However the reason to have P1 and P1bis is to agree on this eNB behaviour so that more work on UE specification of timing relationships for CA can be avoided.
Proposal 1: The transmission time of DL CC’s subframe boundaries is aligned at eNB.

Proposal 1bis: When RRH are used, the transmission time of DL CC’s subframe boundaries is aligned at eNB and RRH.
The goal of P2 and P3 is rather to check that there is a common understanding that nothing breaks irrespective of eNB’s behaviour.
Proposal 2: there is no need to assume that the eNB will align radio frame boundaries across CCs
Proposal 3: there is no need to assume that the eNB will align the SFN across CCs
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