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Introduction
In RAN1 #80bis, the backoff procedures for LAA listen before talk (LBT) category 4 were discussed [1], and a flowchart was agreed in RAN1 #81 with additions to include deferred transmission when the LAA counter becomes zero [2]. However, how to determine the contention window size of a LAA transmission is still left for FFS as agreed in RAN1 #81 [3].

Agreements:
· For LBT Category 4 operation for PDSCH, following approaches for CWS (contention window size) adjustment should be captured in TR.
· Option 1: based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
· Option 2: based on eNB’s assessment (e.g. sensing based adjustment)
· Note: combination of those options are not precluded.
· FFS for the detailed formulation of CWS adjustment



In this contribution, we focus on Option1, and present our views on the feedback to dynamically adjust the contention window size (CWS).
HARQ-ACK feedback for CWS adjustment
In 802.11 based WiFi, the CWS ranges from an initial CW size CWmin to a maximum CW size CWmax. An exponential backoff is performed for each packet based on the ACK feedback immediately after each transmission. Since there is no negative acknowledgment (NACK) feedback for 802.11, the WiFi node will treat a packet decode error as a collision. 
For a LAA DL transmission, no immediate ACK can be reported on the same LAA carrier. The closest feedback to an ACK is a HARQ-ACK report of PDSCH transmissions. The HARQ-ACK is at least 4ms after a LTE subframe transmission, and is normally reported on a licensed PCell. Thus, a LAA HARQ-ACK feedback cannot provide timely response as in WiFi. 
In WiFi, each frame is decoded independently without soft-combining. Thus, it requires a much lower decoding error rate for each frame. The frame errors are caused mainly by packet collision in WiFi. In LAA, a HARQ-ACK process utilizes soft-combining of multiple redundant versions of a PDSCH transmission to achieve higher spectrum efficiency. The LTE transmission is designed to have a high frame error rate (FER), i.e. NACK probability, esp. for the initial transmission, typically 10% or more. The FER of LAA subframe could be much higher than actual collision probability of the LAA transmission. Thus, a NACK or DTX feedback may not indicate the actual collision situation in LAA. 
In WiFi transmit opportunity (TxOP), all packets are targeted at a single receiver. A LAA burst or TxOP may include multiple subframes targeted to multiple UEs, a LAA subframe may contain PDSCH targeted to multiple UEs as well. Thus, the HARQ-ACK results from different UEs indicate the local channel conditions observed at different UE locations. 
If all NACK or DTX from all UEs are treated as collisions, the eNB will over-estimate the channel congestion and collision. Based on the observations, some fundamental issues of HARQ-ACK feedback should be considered if HARQ-ACK is used for CWS adjustment. 
Proposal 1: If HARQ-ACK feedback is used for CWS adjustment, the properties of HARQ-ACK should be considered, e.g.
· Delayed feedback
· Reliability of a NACK feedback to predict a collision
· HARQ-ACK for multiple subframes and/or from multiple UEs

Considerations for dynamic CWS adjustment
For LAA, if a LAA burst or TxOP includes multiple subframes targeted to multiple UEs, the HARQ-ACK feedback from different UEs should be used to determine whether a collision occurs. Different HARQ-ACK process levels may be further considered, e.g. due to soft-combing of HARQ process, a NACK or DTX feedback for a PDSCH retransmission is more likely caused by a collision than that of an initial PDSCH transmission. Similarly, a NACK or DTX feedback for a PDSCH with higher number of retransmissions is more likely caused by a collision than that of a PDSCH with a lower number of retransmissions. 
For 802.11 based WiFi, a collision is assumed if no ACK is received for a packet, and the CWS is increased until the maximum CWS is reached. The CWS is reset to the initial value after each successful transmission. For LAA, the CWS adjustment may be more flexible. For example, the CWS may be increased, maintained the same, or decreased depending on the received number of NACK/DTX.
Furthermore, RAN1 needs to specify when a new CWS should be applied. For example, if a CWS is determined after all HARQ-ACK feedback is received, should it be applied immediately, or after the ongoing backoff process is completed?
Proposal 2: RAN1 should define mechanisms for CWS adjustment including
· The collision situation is determined based on the number of NACK/DTX received for a LAA TxOP.
· The HARQ-ACK feedback for initial transmission and different levels of retransmission may be further differentiated.
· More flexible CWS adjustment, e.g. the CWS can be the same, increased or decreased. 
· The time and procedure to apply the new CWS.

Conclusion
In this contribution, we analyze the suitability of HARQ-ACK feedback for dynamic CWS adjustment. We propose the following: 
Proposal 1: If HARQ-ACK feedback is used for CWS adjustment, the properties of HARQ-ACK should be considered, e.g.
· Delayed feedback
· Reliability of a NACK feedback to predict a collision
· HARQ-ACK for multiple subframes and/or from multiple UEs

Proposal 2: RAN1 should define mechanisms for CWS adjustment including
· The collision situation is determined based on the number of NACK/DTX received for a LAA TxOP.
· The HARQ-ACK feedback for initial transmission and different levels of retransmission may be further differentiated.
· More flexible CWS adjustment, e.g. the CWS can be the same, increased or decreased. 
· The time and procedure to apply the new CWS.
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