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1 Introduction

In RAN1 #82, it was agreed that agreement on LAA multi-carrier LBT were made as the following [1]
Agreements:
· For multi-Carrier LBT on a group carriers
· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers. 

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.

In this contribution, we provide our views 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 20 MHz channel adjacent to the primary 20 MHz channel as the secondary 20MHz channel. Adjacent 20 MHz channels together form the 40 MHz channel and adjacent 40 MHz channels together form 80 MHz channels. In the primary channel, EDCA with corresponding contention window and the full random backoff 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. For the secondary channel, only energy detect is required and the channel will be regarded as busy if signal power is above a threshold of -62 dBm or -72 dBm with >90% probability within interval of 25us.
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Figure 1: WIFI multi-channel CCA procedure 
2.2 Multi-carrier LBT for LAA
According to the current agreement, two alternatives are considered as the method for multi-carrier LBT for LAA. Alt1 is similar to LBT procedures as defined in WIFI multi-carrier, which eNB performs Cat-4 based LBT on only one unlicensed carrier and senses other unlicensed carriers for a period of 25us. However, if the Cat.4 based LBT carrier is blocked, LAA eNBs shall not access any carrier. To increase the carrier access opportunity, Cat-4 based LBT carrier should be dynamically selected such that it can be changed per transmission burst. Another issue needed to be discussed is whether to apply the Wi-Fi channel bonding rule. Unlike WIFI bonding rule with only adjacent channels being bonded together, the CA framework supports contiguous and non-contiguous carriers bounding operations which is one of the important advantages of LTE. Therefore, Wi-Fi channel bonding rule should not be applied in LAA. The energy detection threshold used on channels not performing Cat-4 based LBT should be as the same as WIFI, i.e., -62dBm for 20MHz channel.
Another alternative for LAA multi-carrier LBT requires eNB to perform Cat-4 based LBT on more than one unlicensed carriers. Alt.2 has provided a flexible multi-carrier access mechanism with similar carrier access performance compared to Alt.1. Both alternatives should be supported for LAA multi-carrier transmission. 
Proposal 1: For Alt.1, 
· Cat-4 based LBT carrier should be dynamically selected. 
· Wi-Fi channel bonding rule should not be applied in LAA.
·  ED threshold used on channels not performing Cat-4 based LBT should be -62dBm for 20MHz channel. 
Proposal 2: LAA should support both Alt.1 and Alt.2 for multi-Carrier LBT.
For LAA carriers located in different bands, there is no adjacent channel interference due to RF leakage, therefore, independent LBT operation can be performed.
Proposal 3: Independent LBT can be performed in LAA carriers in different frequency bands.
3 Conclusion

In this contribution, we discuss details of multi-carrier LBT for LAA. The above discussion is summarized with following proposals:
Proposal 1: For Alt.1, 
· Cat-4 based LBT carrier should be dynamically selected. 
· Wi-Fi channel bonding rule should not be applied in LAA.
·  ED threshold used on channels not performing Cat-4 based LBT should be -62dBm for 20MHz channel. 
Proposal 2: LAA should support both Alt.1 and Alt.2 for multi-Carrier LBT.
Proposal 3: Independent LBT can be performed in LAA carriers in different frequency bands.
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