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1 Introduction

One of the open issues for LAA DL LBT procedure is the LBT design for multiple-carrier transmission. Multi-carrier transmission on unlicensed spectrum to a UE can provide high peak rate to the UE. It can also help to clear the buffer of eNodeB as quickly as possible which can result in interference reduction and network power savings. In addition, an LBT procedure is also defined for Wi-Fi multi-carrier operation (see e.g. [2] for a review of Wi-Fi protocol). Hence, it seems important to specify LBT procedure that can allow efficient LAA multi-carrier transmissions. In this contribution, we present our views on the design options for LBT procedure for multiple-carrier transmission.
2 LBT procedure for multiple-carrier transmission
It was recommended in TR 36.889 to adopt LBT category 4 for DL single carrier transmission. With multiple carriers, simply applying independent LBT procedure for each carrier cannot support multiple-carrier transmission effectively mainly for the following reasons:

1. Backoff counters of different carriers are generally not synchronized due to different interference condition for different carrier. The initial backoff counter value and contention window size of each carrier may also be different.

2. Once transmission occurs on one carrier, the backoff counter LBT procedure for the other carriers not sufficiently separated in frequency is likely suspended until the end of transmission due to RF leakage. 

For Wi-Fi, such issue is resolved by performing the backoff procedure (similar to ECCA) only on a designated primary channel, and by performing effectively a one-shot CCA on the secondary channel(s) before transmissions. Moreover, only certain channel bonding configurations are allowed for Wi-Fi. The designated primary channel should always be part of the channel bonding configurations.
For LAA, to allow for maximum network scheduling flexibility, the LBT procedure should support transmissions on any combination of carriers, while ensuring fair co-existence with Wi-Fi. 

Several options for LBT procedure for LAA multiple-carrier transmission were discussed in the last meeting [3].
· Option 1: Individual LBT procedure per carrier with self-deferral or backoff counter suspension to align transmission over multiple carriers
· When backoff counters of multiple carriers reach zero at the same time, the eNB can transmit on the carriers. Since the interference condition can be different for each carrier, suspending back-off counter or performing self-deferral to align transmissions over multiple carriers can be done by the eNodeB. Separate transmission alignment can also be performed to separate subsets of carriers.
· Option 2: A LBT procedure performed over a bandwidth aggregated over a subset of carriers in an eNB.
· In our understanding, there is similarity to the Wi-Fi procedure in the sense that there is one (or more) designated carrier(s) on which the ECCA procedure is applied. ECCA procedure needs not be performed for other carriers, but presumably something like the one-shot CCA should still be performed. This option has the same disadvantage as the Wi-Fi protocol in that it restricts network scheduling flexibility since the designated carrier(s) for ECCA procedure should always be involved in the multi-carrier transmission.
· Option 3: The aggregated LBT procedure in Option 2 in addition to individual LBT procedure is used to determine the LBT outcome for each carrier
· This option may be over-conservative which can significantly decrease the chance of multi-carrier transmission.
Another possible LBT procedure is given below. 

· Option 4:  Individual LBT procedure per candidate combination of carriers for transmission
· Parallel LBT procedures for each candidate combination of carriers for transmission are performed, each with independent backoff. The CCA bandwidth is the aggregated bandwidth of carrier combination. As a carrier can belong to more than one carrier combinations, a carrier can also be associated with more than one LBT procedure. The eNodeB can transmit on a combination of carriers when the corresponding LBT procedure is successfully completed. This option does not have a designated carrier for ECCA (avoiding the disadvantage of Option 2). Intuitively, it can also provide better multi-carrier access opportunity than Option 1.  
Further evaluations should be performed before deciding on the option to adopt for LAA.
Proposal: The options of multi-carrier LBT as listed above should be further studied.

3 Conclusions
In this contribution, we presented our views on the LBT procedure for multi-carrier transmission. The following options should be further studied:
· Option 1: Individual LBT procedure per carrier with self-deferral or backoff counter suspension to align transmission over multiple carriers

· Option 2: A LBT procedure performed over a bandwidth aggregated over a subset of carriers in an eNB.
· Option 3: The aggregated LBT procedure in Option 2 in addition to individual LBT procedure is used to determine the LBT outcome for each carrier
· Option 4:  Individual LBT procedure per candidate combination of carriers for transmission
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