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1	Introduction
In last RAN#68 meeting, the new work item on licensed-assisted access to unlicensed spectrum was agreed [1]. The detailed objectives of the work item are to specify support for the following functionalities:
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)
In this contribution, we present our views on the potential channel access options for LAA multi-carrier operation in the unlicensed spectrum.
2. Discussion
Generally for LAA, multiple unlicensed carriers could be configured and activated independently, and the LBT operation of one carrier could be performed independently from the LBT from other carriers. However, for multiple carriers within the same band or neighboring bands, it may not be feasible to successfully pass the clear channel assessment when performing LBT on one carrier if any of the other carriers are actively transmitting data. This is mainly due to the RF leakage as discussed in [2]. In this case, without any coordination or joint consideration of LBT on multiple carriers, it essentially becomes a single-carrier transmission on the unlicensed spectrum at any time.
Thus, to avoid the impact of RF leakage on LBT, the coordination among the LBT procedures on multi-carriers is needed.. Generally, two options are identified to enable multi-carrier LBT operation for LAA as illustrated in the follows:
· Option 1: Individual eCCA procedure per carrier
· Option 2: Single eCCA procedure for multiple carriers
2.1. Individual eCCA procedure per carrier
For this option, the LBT procedure is performed independently on each unlicensed carrier for LAA nodes. As the interference conditions may be different on different unlicensed carriers, one unlicensed carrier may complete the CCA countdown earlier than other unlicensed carriers. In this case, once a LAA node starts to transmit data on one unlicensed carrier after its LBT succeeds, the LBT on other carriers would most likely fail due to the RF leakage of the carrier. Therefore, simultaneous data transmission over adjacent carriers would not be quite possible. This would clearly result in low channel access probabilities for multi-carrier case.
In [2], LBT synchronization boundary (LSB) is proposed to enable multi-carrier operation. Each carrier would independently perform LBT procedure, and if LBT succeeds, it would wait additional CCA slots until LSB to allow other carriers to complete their count down, and thus utilize the entire bandwidth (or as many carriers as possible). 
The above way could allow the eNB to synchronize transmission across multiple carriers and utilize the benefit from the increased bandwidth available. But this is at the cost of waiting additional CCA slots and at the risk of losing the carriers for which countdown has already been completed (if another node starts transmission during the waiting time). Though the LSB could be dynamically determined for each transmission burst, the detailed implementation is highly dependent on the algorithm selected. For example, if the LSB is chosen very conservatively, most likely there would be just one carrier with successful LBT. On the other hand, if a carrier needs to wait longer to reach LSB, it may lose the channel to other Wi-Fi/LAA nodes, and it also reduces the channel utilization of a LAA node due to the waiting time. 
For Wi-Fi system, each Wi-Fi node performs the eCCA procedure only on the primary channel. And on all the secondary channels, only a single CCA check is performed. Comparatively, the above proposal requires each LAA node to complete both the eCCA countdown and the iCCA before transmission across multi-carriers. As a consequence, this method would put LAA at disadvantageous position when LAA coexists with Wi-Fi.
Observation 1: Individual eCCA procedure per carrier may put LAA at disadvantageous position when LAA coexists with Wi-Fi.
Nonetheless, this is considered as an implementation approach to support multi-carrier LAA based on single-carrier LAA design, because the LBT requirement is satisfied on each individual carrier (in fact more conservative).
2.2. Single eCCA procedure for multiple carriers
Different from the option discussed in the previous section, the LAA device could perform a joint eCCA procedure over a bandwidth aggregated over a subset of the unlicensed carriers to synchronize/coordinate the multiple-carrier LBT operation. For other nearby carriers out of the subset, an individual iCCA check could be used to determine the LBT outcome on each carrier. Wherein, the aggregated carriers are termed as the synchronization carriers, and the position where the synchronization carriers complete the countdown of eCCA procedure is defined as the multi-carrier synchronization boundary (MCSB). 
Specially if the eCCA procedure over the synchronization carriers succeeds, 
· the device could start its data transmission on the synchronization carriers directly without additional iCCA check, or start data transmission on the subset of the synchronization carriers for which the additional iCCA check per carrier is successfully.
· the device could start transmission on other carriers for which iCCA is successful.
Herein, the potential position for iCCA check could be performed just before or just after the MCSB.
For this option, as the synchronization carriers don’t need to wait for additional CCA slots to let other carriers complete the count down, it could enable fast channel access for the synchronization carriers similar to the primary channel of Wi-Fi. The selection of synchronization carriers could be pre-configured or based on pre-defined rules. 
An example with one carrier configured as the synchronization carrier is shown in Fig.1. The carrier #1 was selected as the synchronization carrier to perform eCCA. And the position where the carrier #1 completes the countdown is the MCSB. After MCSB, the device performs Individual iCCA on all the carriers. And then, the transmitter could start transmission on the carriers for which iCCA is successful, e.g. carrier #1 and #2. For carrier #3, the transmission is blocked as the channel is occupied during iCCA. Herein, the iCCA check is performed for each carrier just after the MCSB as an example.


Fig.1 Multi-Carrier LBT Procedure with Semi-Static Synchronization Carrier Selection
[bookmark: _GoBack]Alternatively, the LAA device can also dynamically perform independently eCCA procedure on all unlicensed carriers and select the carrier which first completes the eCCA as the synchronization carrier to allow fast channel aggregation. One such example is shown in Fig.2. Carrier #1 completes the countdown first, and thus is taken as the synchronization carrier. And the position where carrier #1 completes the countdown is defined as the synchronization boundary for multiple-carrier transmission. Other carriers need to perform an iCCA. It shows that the node could start the transmission on carrier #2 but block the transmission on carrier #3.



Fig.2 Multi-Carrier LBT Procedure with Dynamic Synchronization Carrier Selection
This solution is similar to Wi-Fi’s mechanism. It would increase the probability for LAA to use multiple carriers compared to independent eCCA procedure per carrier.
Proposal 1:  A multi-carrier LBT mechanism similar to that of Wi-Fi should be considered for LAA.
3. Conclusion
In this contribution, we discuss various options for LAA multi-carrier LBT operation including:
· Option 1: Individual eCCA procedure per carrier
· Option 2: Single eCCA procedure for multiple carriers
Based on the discussion, we got the following observation:
Observation 1: Individual eCCA procedure per carrier may put LAA at disadvantageous position when LAA coexists with Wi-Fi.
Furthermore, we proposed that
Proposal 1:  A multi-carrier LBT mechanism similar to that of Wi-Fi should be considered for LAA.
References
[1].  RP-151045, New Work Item on Licensed-Assisted Access to Unlicensed Spectrum, Ericsson, Huawei, Qualcomm, Alcatel-Lucent.
[2]. R1-152784, Multi-carrier LBT operation for LAA, Qualcomm.



1/4
image2.emf
Countdown Completed Firstly:

Backoff Counter = 0

Countdown Uncompleted: 

Backoff Counter > 0

Countdown Uncompleted: 

Backoff Counter > 0

20MHz Carrier 20MHz Carrier

20MHz Carrier 20MHz Carrier

20MHz Carrier

Carrier#1

Carrier#2

Carrier#3

iCCA

20MHz Wi-

Fi

20MHz 

Wi-Fi

Note: Independent eCCA procedure for each unlicensed carrier , and selected the carrier which first    

completes countdown as the synchronization carrier

eCCA

eCCA

eCCA

iCCA Successful

iCCA Successful

iCCA Blocked

Multi-CarrierSynchronization 

Boundary (MCSB)


oleObject2.bin
�

拖动侧边手柄可更改文本块的宽度。�

提示框标注。选取形状然后开始键入。按照实际需要，调整框的大小。移动控制手柄可将指针对准要标注的对象。�

￼�

Countdown Completed Firstly: Backoff Counter = 0�

Countdown Uncompleted: 
Backoff Counter > 0�

Countdown Uncompleted: Backoff Counter > 0�

20MHz Carrier


iCCA Successful�

iCCA Successful�

20MHz Carrier


20MHz Carrier


20MHz Carrier


20MHz Carrier


Carrier#1


Carrier#2


Carrier#3


iCCA


20MHz Wi-Fi


20MHz Wi-Fi


Multi-Carrier Synchronization Boundary (MCSB)�

Note: Independent eCCA procedure for each unlicensed carrier, and selected the carrier which first    completes countdown as the synchronization carrier


iCCA Blocked�

eCCA�

eCCA�

eCCA�


image1.emf
20MHz Carrier 20MHz Carrier

20MHz Carrier 20MHz Carrier

20MHz Carrier

Carrier#1

Carrier#2

Carrier#3

eCCA

iCCA

20MHz Wi-Fi

20MHz 

Wi-Fi

synchronization carrier

Countdown Completed:

Backoff Counter = 0

iCCA Successful

iCCA Blocked

Multi-Carrier Synchronization 

Boundary (MCSB)

iCCA Successful


oleObject1.bin
�

拖动侧边手柄可更改文本块的宽度。�

提示框标注。选取形状然后开始键入。按照实际需要，调整框的大小。移动控制手柄可将指针对准要标注的对象。�

20MHz Carrier


iCCA Successful�

20MHz Carrier


20MHz Carrier


20MHz Carrier


20MHz Carrier


Carrier#1


Carrier#2


Carrier#3


eCCA


iCCA


20MHz Wi-Fi


20MHz Wi-Fi


synchronization carrier


Countdown Completed:
Backoff Counter = 0�

iCCA Successful�

iCCA Blocked�

Multi-Carrier Synchronization Boundary (MCSB)�


