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[bookmark: _Ref298777854]Introduction
In RAN1#78-BIS, the agreements for the Study Item on Licensed-Assisted Access (LAA) included the following [1]:
· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· 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
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs.
[bookmark: _GoBack]In this contribution, our objective is to discuss detailed solutions for the Listen-before-talk (LBT) phase in LAA in order to ensure fair coexistence with Wi-Fi and other LAA services as well as compliance with regulatory requirements. This contribution is a revised version of [5].
Analysis of EN 301.893 generic load-based LBT procedure
Overview of generic load-based LBT procedure
The ETSI standard categorizes equipment in the unlicensed spectrum as either being frame-based (transmit-receive structure with fixed timing) or load-based (transmit-receive structure with dynamic timing). It is recommended to design licensed-assisted SCells and their UEs for load-based operation for flexible utilization of the unlicensed spectrum and adaptability to traffic load. 
According to the European regulations in EN 301.893 [2] for a load-based equipment, LBT mandates performing a clear channel assessment (CCA) prior to a new transmission. If the medium is sensed to be already occupied, the transmission is deferred and an extended CCA is performed until the channel is deemed to be idle. An overview of the procedure is illustrated in Figure 1 with the relevant specification from EN 301.893 reproduced 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.


[bookmark: _Ref403125097]Figure 1: EN 301.893 load-based CCA procedure overview.
Coexistence analysis with Wi-Fi
The EN 301.893 load-based CCA procedure is very similar to the Wi-Fi physical medium sensing procedure. However, as shown in Figure 2, a Wi-Fi device does not resume counting down of the random backoff counter until the channel is idle for 34μs. Therefore, directly reusing the existing LBT procedure for load-based equipment in the EN 301.893 regulation with the minimum required CCA durations of 20 µs may lead to undesirable coexistence behavior due to the lack of defer periods after sensing that the channel is occupied, and before post-transmission random backoff for successively transmitted bursts. For instance, in Figure 3, the initial LAA CCA which substantially overlaps with the SIFS interval between a Wi-Fi frame transmission and its corresponding ACK may declare the channel to be Idle. This could potentially trigger an immediate LAA transmission which ends up colliding with the Wi-Fi ACK. In Figure 4, a similar problem occurs during the random backoff phase of LAA, where the counter for idle CCA slots during the extended CCA is decreased and found to be zero with a total of 20 µs idle channel observation time after the channel has been occupied. On the other hand, a Wi-Fi device will not resume count down until the channel has been idle for 34 µs. 


[bookmark: _Ref402959087]Figure 2: Wi-Fi physical medium sensing procedure overview.
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[bookmark: _Ref402307956]Figure 3: LAA transmission collision with Wi-Fi ACK due to initial CCA of 20 µs and lack of defer period.
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[bookmark: _Ref402525476]Figure 4: LAA transmission collision with Wi-Fi ACK due to extended CCA and lack of defer period.
Summary of analysis
The essential points of the preceding discussion are captured in the following observation.
Observation: Additional coexistence measures, such as additional deferring after an occupied channel and before post-transmission random backoff, should be added to the EN 301.893 generic load-based LBT procedure to enable better coexistence behaviour with Wi-Fi and LAA.
Proposed LAA LBT procedure
In the proposed LBT procedure, both initial CCA and extended CCA are always followed before a data transmission can take place. This modification achieves two objectives:
· The modification ensures a correct deferring time to achieve fair sharing with Wi-Fi.
· The modification provides a means to randomize LAA data transmissions. 
In more detail, the LBT process begins with randomly drawn backoff counter N adhering to the EN 301.893 specifications as summarized in the above. The device then performs an initial CCA of duration 20 µs. If the initial CCA deems the channel to be busy, it is then repeated; otherwise it is followed by an extended CCA stage. For each extended CCA duration of 20 µs, if the channel is deemed to be unoccupied, the backoff counter N is decremented by 1. If the channel is determined to be busy during an extended CCA, the backoff counter is frozen and the LBT process reverts to the initial CCA step (without regenerating a new backoff counter because it is drawn before the initial CCA step). The data transmission can be performed immediately after the backoff counter value reaches zero, i.e., after at least N+1 CCAs (including the initial CCA) showing Idle channel state has been observed. This procedure ensures that at least two consecutive CCA slots (40 µs) are observed idle before transmission. Thus the minimum possible time between the end of a transmission by a node occupying the channel and an LAA transmission burst is roughly aligned with the combination of a DIFS period and count down of one slot in Wi-Fi (34 µs + 9 µs – aMACProcessingDelay – aRXTXTurnAroundTime; see Appendix for further details). 
After each transmission burst, the LAA node restarts the LBT procedure with a new randomly drawn backoff counter N and follows the initial CCA and extended CCA steps as described in the above paragraph. This ensures the channel can be shared fairly among Wi-Fi and LAA nodes.
In summary, we have the following proposal:
Proposal: In the LBT procedure for LAA data transmissions, 
· A random backoff counter, N, is always drawn to start the LBT procedure.
· An initial CCA is always immediately followed by an extended CCA stage with durations of 20 µs for each CCA duration. 
· A successful transmission always leads to a restart of the LBT procedure with a newly drawn random backoff counter, N.
· This ensures that a defer period and a post-transmission random backoff with extended CCA is employed after the end of every transmission burst.
· Defer periods are incorporated by freezing the backoff counter and deferring back to the initial CCA when the channel is observed to be occupied during the extended CCA.

Conclusion
In this contribution, we discussed potential solutions for the LBT functionality in LAA. The above discussion is summarized with the following observation and proposal:
Observation: Additional coexistence measures, such as additional deferring after an occupied channel and post-transmission random backoff, should be added to the EN 301.893 generic load-based LBT procedure to enable better coexistence behaviour with Wi-Fi and LAA.
Proposal: In the LBT procedure for LAA data transmissions, 
· A random backoff counter, N, is always drawn to start the LBT procedure.
· An initial CCA is always immediately followed by an extended CCA stage with durations of 20 µs for each CCA duration. 
· A successful transmission always leads to a restart of the LBT procedure with a newly drawn random backoff counter, N.
· This ensures that a defer period and a post-transmission random backoff with extended CCA is employed after the end of every transmission burst.
· Defer periods are incorporated by freezing the backoff counter and deferring back to the initial CCA when the channel is observed to be occupied during the extended CCA.
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Appendix
Following a DIFS (34 us) of channel idle time, a Wi-Fi device performs CCA within aSlotTime (9 us). However, MAC processing delay and RX-to-TX turn-around time is also budgeted within the slot time as shown in Figure 6 and Table 1[4]. 
[image: cid:image003.png@01CFFA83.6125F110]
[bookmark: _Ref403128237]Figure 6: DCF timing relationship (Table 9-14 of [4]).
[bookmark: _Ref403128247]Table 1 PHY characteristic (Table 20-25 of  [4]).
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