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1 Introduction
A LAA carrier can only be configured as a SCell according to carrier aggregation [1]. However, due to the nature of its operating frequency at 5GHz, a LAA cell needs to co-exist with other operator or other RAT operating on the same band. As a result, additional functionalities are required for a LAA carrier as identified by RAN1[2]

 REF _Ref409956672 \n \h 
[3]:
· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· Transmit Power Control (according to regulatory requirements for 5GHz band)

As the study item progresses, more enhancements may be identified. In this contribution, we discuss some aspects of channel access for an LAA cell. 
2 LAA Channel Access Overview
One of the major operational differences of a LAA cell from a cell operating on licensed spectrum, is the need to co-exist with other operators or other RATs operating on the same band, meeting at least the regulatory requirements of various regions of the world specified for 5GHz. One mechanism for coexistence is listen-before-talk (LBT), which governs when a LAA cell may access the channel. For example, according to the European regulations in EN 301.893 [4] for load-based equipment, clear channel assessment (CCA) must be performed prior to starting a new transmission. An extended CCA is performed if the medium is determined to be occupied during the CCA and transmission is postponed until the channel is considered clear. 

The following sections discuss the potential impact of the LBT protocol states on the channel access operation for LAA cells.
2.1 LAA Listen Before Talk Operation
As described in the LAA SI TR 36.889 [5], different candidate LBT procedures can be classified according to different  categories based on the channel sensing and collision avoidance (e.g. random back-off) mechanisms:

Category 1: No LBT

· No LBT procedure is performed by the transmitting entity. 
Category 2: LBT without random back-off

· The duration of time that the channel is sensed to be idle before the transmitting entity transmits is deterministic.
Category 3: LBT with random back-off with a contention window of fixed size

· The LBT procedure has the following procedure as one of its components. The transmitting entity draws a random number N within a contention window. The size of the contention window is specified by the minimum and maximum value of N. The size of contention window is fixed. The random number N is used in the LBT procedure to determine the duration of time that the channel is sensed to be idle before the transmitting entity transmits on the channel. 
Category 4: LBT with random back-off with a contention window of variable size

· The LBT procedure has the following as one of its components. The transmitting entity draws a random number N within a contention window. The size of contention window is specified by the minimum and maximum value of N. The transmitting entity can vary the size of the contention window when drawing the random number N. The random number N is used in the LBT procedure to determine the duration of time that the channel is sensed to be idle before the transmitting entity transmits on the channel. 
A LAA design for frame-based equipment (FBE) may be considered as an example of Category 2 LBT. According to ETSI specifications, Frame based equipment (FBE) operates in periodic manner on the basis of a fixed frame period which consists of channel occupancy time and idle time defined as follows:

· Channel occupancy time: the total time during which an equipment has transmissions on a given channel without re-evaluating the availability of the channel 

· Can be predefined between 1ms and 10ms

· Idle time: at least 5% of channel occupancy time
· At the end of the idle time, CCA is performed by observing the channel during at least 20 µs 
If the equipment finds the channel occupied in CCA period which would be located at the end of idle time, it shall not transmit anything during the next fixed frame period; otherwise it can transmit on the channel during up to the predefined channel occupancy time.
An example of a Category 3 LBT scheme is the ETSI LBT procedure for load-based equipment (LBE) as illustrated in Figure 1, and the related specification from EN 301.893 is given below:
1) Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time which shall be not less than 20 μs. The CCA observation time used by the equipment shall be declared by the manufacturer. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the threshold corresponding to the power level given in point 5 below. If the equipment finds the channel to be clear, it may transmit immediately (see point 3 below).
2) If the equipment finds an Operating Channel occupied, it shall not transmit in that channel. The equipment shall perform an Extended CCA check in which the Operating Channel is observed for the duration of a random factor N multiplied by the CCA observation time. N defines the number of clear idle slots resulting in a total Idle Period that need to be observed before initiation of the transmission. The value of N shall be randomly selected in the range 1…q every time an Extended CCA is required and the value stored in a counter. The value of q is selected by the manufacturer in the range 4…32. This selected value shall be declared by the manufacturer (see clause 5.3.1 q)). The counter is decremented every time a CCA slot is considered to be "unoccupied". When the counter reaches zero, the equipment may transmit.


[image: image1.emf]Yes

Start

Initial CCA for 

duration 

≥20µs

Draw 

Backoff 

Counter N

N > 0

CCA for 

duration 

≥20µs

Decrement 

Counter 

N=N-1

No

Idle

Busy

Idle

Busy

Transmit


Figure 1: EN 301.893 LBE CCA procedure overview.
It is noted that the EN 301.893 LBE CCA procedure is very similar to the medium sensing procedure utilized by Wi-Fi. However, there are several differences, since a Wi-Fi device does not resume counting down of the random back-off counter until the channel is idle for a given DCF Interframe Space (DIFS) duration period, and an additional post-transmission random back-off is applied for successively transmitted bursts [6]. If a variable contention window is applied (e.g. exponential random back-off), then the above procedure could be considered as a Category 4 LBT scheme.
However, it seems clear that even if for LAA the details of CCA thresholds and back-off counters may differ than those specified in EN 301.893 or Wi-Fi standards, the channel access operation for LAA will be impacted relative to the legacy procedures due to the need to introduce additional criteria for the transition from ON-OFF and OFF-ON states of an LAA cell (and UE if UL is also supported) if an LBT protocol is introduced.
Observation 1: If an LBT protocol is introduced for LAA, additional criteria may need to be introduced for the transition from ON-OFF and OFF-ON states of an LAA cell (and UE if UL is supported).
2.2 Potential impact of LBT on MAC operation
As discussed in the previous section, the need to perform LBT has an impact on the channel access operation of an eNB or UE on a LAA cell. One way to analyse this impact is to consider the different channel access states for LAA. 
Assuming LBT and a maximum transmission duration is supported for LAA, at least the following states may be necessary:

1. IDLE

2. CONTENTION

3. TRANSMISSION

Currently, the IDLE and TRANSMISSION states are already supported (e.g. Rel-12 small cell ON/OFF operation). The CONTENTION state would need to be entered by a node wishing to transition from IDLE to TRANSMISSION. The detailed steps for transition from IDLE->CONTENTION->TRANSMISSION->IDLE would depend upon the LBT/CCA protocol specified. For example, RAN2 should discuss whether or how to specify a CCA procedure and related parameters such as those in Figure 1.
Observation 2: One potential impact on the channel access mechanism for LAA by supporting LBT and a maximum transmission duration is that a CONTENTION state would need to be entered by a node wishing to transition from IDLE to TRANSMISSION state.
Additionally, if RAN1 agrees to support UL for LAA, further potential MAC impact would need to be discussed as well.

3 Conclusions
In this contribution, we presented our views on some aspects of a channel access finite state machine for LAA.
Observation 1: If an LBT protocol is introduced for LAA, additional criteria may need to be introduced for the transition from ON-OFF and OFF-ON states of an LAA cell (and UE if UL is supported).

Observation 2: One potential impact on the channel access mechanism for LAA by supporting LBT and a maximum transmission duration is that a CONTENTION state would need to be entered by a node wishing to transition from IDLE to TRANSMISSION state.
Proposal 1: If a new channel access mechanism is introduced for LAA, the detailed steps and criteria for state transition would need to be further discussed based on the LBT/CCA protocol specified.
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