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1 Introduction

The LBT scheme on one LAA carrier has been widely discussed in previous meeting. Similar to WIFI, LAA design shall support using multiple carriers in the unlicensed band to increase the peak data rate, in which multi-carrier LBT methods shall be developed. In this contribution, we discuss the aspects in support of multi-carrier LBT for LAA. 
2 Discussion
2.1 WIFI multi-channel operation
In WIFI multi-carrier operation, one of the 20M channel is designated as the primary 20MHz channel and the other as the secondary 20MHz channel. In the primary channel, EDCA with corresponding contention window and the random backoff procedure is applied, while only CCA in PIFS (25us) idle interval is performed in each secondary channel prior to the expiry of the backoff counter on the primary channel, as shown in Figure 1. 
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Figure 1: WIFI multi-channel CCA procedure
2.2 Multi-carrier LBT for LAA
Similar LBT procedures as defined in WIFI multi-carrier can be applied to LAA multi-carrier operation, in order to fully utilize the frequencies in the unlicensed bands and solve the concern about WIFI co-existence. Within each unlicensed band, one LAA 20MHz unlicensed carrier can be selected as the primary LBT carrier, which can be used for performing LBT cat. 4 ECCA procedures. LAA secondary LBT carriers will perform ICCA detection preceding the expiry of the ECCA counter of the primary LBT carrier. The eNB will start transmit on carriers set that ICCA is successful, as shown in Figure 2. The ICCA should be comparable to WIFI PIFS to achieve fair co-existence. 
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Figure 2: Intra-band fast multi-carrier LBT scheme
For LAA carriers located in different bands, there is no adjacent channel interference due to RF leakage, therefore these carrier can be used DL transmissions without requiring synchronous operation. Independent LBT operation can be performed in LAA carriers in different frequency bands.
3 Conclusion

In this contribution, we discuss the scheme of multi-carrier LBT for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: Similar multi-carrier LBT scheme with WIFI can be adopted for LAA. 

Proposal 2: Within the same unlicensed band, one primary LBT carrier should be configured for performing LBT cat. 4 procedures, ICCA can be performed on the secondary LBT carriers in a synchronous way with the primary LBT carrier
Proposal 3: Independent LBT can be performed in LAA carriers in different frequency bands.
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