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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. In RAN1#81, multi-carrier LBT operation is addressed in [2]. We also agree on the necessity to deal with multi-carrier DL transmission issue. Therefore, in this contribution, we discuss LBT operation and transmission options with multiple carriers in LAA.
2. Multi-carrier DL transmission
The available bandwidth of each component carrier (CC) is limited to 20 MHz in the LTE system. To support more bandwidth and provide a higher data rate, carrier aggregation (CA) is used by aggregating intra-band contiguous, intra-band non-contiguous, and inter-band CCs. In particular, it can be cost-efficient to use single RF for intra-band CA case. Besides, considering wide 5 GHz band from 5150 to 5925 MHz, eNB may not implement an individual RF for each CC. If eNB operates multiple CCs with single RF, eNB cannot sense the channel on some CCs while it transmits DL transmission bursts on the other CCs. Therefore, it would be necessary to support a multi-CC DL transmission with a synchronized manner. In this section, we discuss multi-CC DL transmission options in LAA.
2.1. Multi-carrier TX with arbitrary deferral
As discussed in [2], a synchronized DL multi-CC transmission by coordinating the random backoff counter values across multiple CCs can be considered. To align the random backoff counter values across multiple CCs, CCs which have smaller backoff counter values can defer until other CCs’ backoff counter values reach to the same backoff counter value. In order to minimize the cost of losing the chance to access the CCs which defer the LBT procedure to synchronize the backoff counter values, it may be necessary to restrict a maximum waiting time for each CC for each DL transmission burst, which can be also necessary to prevent eNB from transmitting DL burst at an arbitrary timing using the deferral. 
2.2. Simultaneous multi-carrier TX without deferral
In this section, we introduce a simultaneous multi-CC transmission without deferral. If a CC’s backoff counter becomes zero, then the CC can start transmission right away with other CCs for which the channel is assessed as idle although their backoff counter countdown has not been completed. In this approach, residual backoff counter values which have not been decreased yet due to simultaneous multi-CC transmission can be compensated, for example, by adding the backoff counter for the next DL transmission burst.
2.3. Independent LBT across CCs
The LBT procedure can be independently performed across CCs. Once a CC starts to transmit DL transmission burst immediately after completing the LBT procedure, other CCs which have backoff counter values larger than zero should be kept frozen until the CC’s transmission is completed. Alternatively, backoff counting of other CCs may be continued by assuming that the channel status (idle or busy) would be same before and during the DL transmission or by exploiting UE’s channel sensing results if available.
3. Summary and conclusions

In this contribution, we discussed multi-CC DL transmission options such as multi-CC transmission with arbitrary deferral, simultaneous multi-CC transmission without deferral, and independent LBT across CCs. We suggest that multi-carrier DL transmission issue in LAA should be handled in Rel-13 LAA downlink.
Suggestion: Multi-carrier DL transmission issue in LAA should be handled in Rel-13 LAA downlink.
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