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Introduction
How to use unlicensed spectrum in combination with licensed spectrum [1] is studied and the outcome of the study is described in [3]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In order to support the LAA as an SCell, work item on Licensed-Assisted Access to Unlicensed Spectrum is approved with objectives described in [2], including:

· 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 order to support DL transmission in unlicensed spectrum, meeting the regulatory requirements, we will discuss on the possible LAA operation focusing on the channel access procedure. We also propose the channel access procedure for LAA. 
Channel access for LAA
According to the category 4 LBT scheme described in [3], following channel access is considered to ensure fairness with WiFi:
· The size of contention window is variable via dynamic backoff or semi-static backoff between X and Y ECCA slots, where the value of X and Y is a configuration parameter.
· For PDSCH, feedback/report of UE(s) and/or eNB’s assessment are considered to adjust the contention window size.

In the LAA SCell, following scenarios are very straightforward and shall be considered to adjust the contention window:
· one eNB services multiple UEs
· In the LAA SCell, eNB may receive multiple ACK/NACKs at subframe n from the multiple UEs which received PDSCH at subframe n-k. If it is assumed that the number of ACK from those UEs is nack and the number of NACK from those UEs is nnack, it should be defined how to adjust the contention window based on the variable number of ACK/NACKs.
· one eNB can serve several TBs during the given COT, which requires several feedbacks 
· In the LAA SCell, if a UE receives PDSCH at subframe n, n+1, n+2, the UE feeds ACK and/or NACK back to the eNB at subframe n+k, n+k+1, n+k+2, respectively (see subframe n-4 through n+3 in Figure 1). If it is assumed that the number of ACK from the UE is nack and the number of NACK from the UE is nnack, it should be defined how to adjust the contention window based on the variable number of ACK/NACKs
· time difference between data transmission and feedback is n (i.e., feedback/report of UE(s) is delivered at subframe n+k, where PDSCH is received at subframe n)
· Due to the difference between the time to transmit PDSCH by eNB and the time to feed ACK/NACK of the PDSCH back to the eNB, the eNB may not receive the feedback prior to the extended CCA for the additional data transmission. Especially in the Japanese regulatory requirement, the time difference between PDSCH and the corresponding feedback exceeds the limited channel occupancy time. Thus, because those feedback (at subframe n+10~n+13 in Figure 1) may be delivered after re-assessment (see subframe n+10 in Figure 1), contention window may not be adjusted based on the feedback.
· to adjust the contention window based on the feedback/report of UE(s), an eNB needs to receive the feedback/report prior to the clear channel re-assessment
· The eNB receives the feedback prior to (re-)assessment (see subframe n~n+3 in Figure 1), but the eNB does not receive the feedback prior to (re-)assessment (see subframe n+10~n+13 in Figure 1). 
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Observation: If the clear channel (re-)assessment is performed before receiving the feedback/report of UE(s), contention window may not be adjusted based on the feedback from UE(s).

[bookmark: _Ref427247399][image: ]Figure 1 – extended CCA after receiving HARQ ACK/NACK with updating the contention window q
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According to the previous discussion related to the contention window adjustment based on the ACK/NACK, following options are considerable for the channel access procedure for LAA (note that adjustment includes increasing/decreasing/keeping the current contention window/resetting to the initial contention window and that the nack and nnack are considered received feedback prior to performing the CCA):

· No adjustment (keeping) of contention window based on the feedback/report of UEs
· In the case of initial transmission, an eNB has no chance to receive the feedback/report of UE. Thus, initial contention windows q can be used for the initial transmission or if the eNB does not receive any feedback/report of UEs.
· If  nnack>i, adjust (e.g., increase) the contention window, where i >=0
· If the number of NACK from UEs is at least i, the eNB adjusts the contention window to re-occupy the channel.
· If nack<i, adjust (e.g., decrease or reset) the contention window, where i >=0
· If the number of ACK from UEs is at least i, the eNB adjusts the contention window to re-occupy the channel.
· If nack >i and/or nnack < j, adjust the contention window, where i,j >=0
· If the number of ACK and/or NACK from UEs is at least i and/or less than j, respectively, the eNB adjusts the contention window to re-occupy the channel.
· If nnack >i and/or nack < j, adjust the contention window, where i,j >=0
· If the number of NACK and/or ACK from UEs is at least i and/or less than j, respectively, the eNB adjusts the contention window to re-occupy the channel.
· If nnack>nack, adjust(e.g., increase) the contention window
· If the number of NACK is greater than that of ACK from UEs, the eNB adjusts the contention window to re-occupy the channel.
· If nack>nnack, adjust(e.g., decrease or reset) the contention window
· If the number of ACK is greater than that of NACK from UEs, the eNB adjusts the contention window to re-occupy the channel.

Proposal: If the adjustment of contention window based on the feedback of UEs, at least the number of received ACK and/or NACK is considered based on:
· comparing i, j, where the value of i, j is configurable parameter
· comparing between number of ACK and number of NACK
Conclusion
In this contribution, we discussed about the contention window adjustment for CCA based on the feedback of UEs and observed: 

Observation: If the clear channel (re-)assessment is performed before receiving the feedback/report of UE(s), contention window may not be adjusted based on the feedback from UE(s).

In addition, to support the contention window adjustment for CCA based on the feedback of UEs, we propose:

Proposal: If the adjustment of contention window based on the feedback of UEs, at least the number of received ACK and/or NACK is considered based on:
· comparing i, j, where the value of i, j is configurable parameter
· comparing between number of ACK and number of NACK
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