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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Contention window size adaptation for DL LBT have been discussed in  RAN1 #82 meeting and the following options are identified for further study [1].
For contention window size adjustment for LBT category 4 operations for PDSCH, the following options should be studied further
· For LBT Category 4 operation for PDSCH, the CWS (contention window size) is adjusted based on  HARQ ACK/NACK feedback
· FFS on the details of how to use the HARQ ACK/NACK feedback. More details on the procedure should be provided as much as possible within RAN1#82
· For LBT Category 4 operation for PDSCH, the CW size is adjusted based on the eNB medium sensing based metrics
· The following options have been identified to derive the metric
· Option 1: Number of busy periods between transmissions 
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK89]A busy period is the total time the channel is occupied between two idle CCA slots 
· Option 2: Number of idle slots (or) ratio of the number of idle to busy slots within a defined observation window
· FFS on the details for the two options above. More details on the procedures should be provided as much as possible within RAN1#82
In this contribution, we share our views on contention window size adaptation for DL LBT. 
Contention window size adaption
For LBT Cat 4, an LAA site can adjust the size of contention window (CW) according to the load of an unlicensed carrier. It will reduce contention and resources waste caused by too many number of unsuccessful CCA.
In the following, we discuss two approaches to adjust CW size in detail.
1.1 Based on feedback from UE
In the subsequent email discussion of RAN1 #82, the following options are considered for adapting the CWS based on the set of considered HARQ-ACK feedback values: 
· Option 1: The CWS is increased if all of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) are NACK. Otherwise, the CWS is reset to the minimum value.
· Option 2: The CWS in increased if at least one of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) is NACK. Otherwise, the CWS is reset to the minimum value.
· Option 3: The CWS is increased if at least Z% of the HARQ-ACK feedback values within a predefined window are NACK. Otherwise, the CWS is reset to the minimum value.
· FFS on timing and size of the window
In Option 1, the CWS is increased only if all of the considered HARQ-ACK feedback values are NACK, and in Option 2, the CWS is increased if at least one of the considered HARQ-ACK feedback values is NACK. Therefore, compared to Option 1, the probability of CWS increasing may be larger in Option 2. For Option3, the probability of CWS increasing is related to the value of Z and the size of the window. Suppose the number of HARQ-ACK in the predefined window is M. When Z% is less than or equal to 1/M, the probability of CWS increasing of Option 3 is maximum, and the probability of CWS increasing decreases as the value of Z increases. 
In Option 1and Option 2, the CWS is increased corresponding to HARQ-ACK feedback values of a single subframe. For example, the first subframe of the latest DL transmission burst. Considering not all the UEs are scheduled on the first subframe of the latest DL transmission burst, for example, some UEs are scheduled on the second subframe of the latest DL transmission burst. If LAA eNBs adjust CWS corresponding to HARQ-ACK feedback values of a single subframe, HARQ-ACK feedback values of UEs in the other subframes during the DL transmission burst is not utilized and the hidden node problem if occurred in those subframes will not be observed. Therefore, the CWS adjustment corresponding to HARQ-ACK feedback values of a predefined window in Option 3 is more effective than that of Option 1 and Option 2 considering the problem of hidden node. In one example, the predefined window can be the whole latest DL transmission burst.
Meanwhile, considering the coexistence with Wi-Fi, Option 3 with Z% equal to 1/M should be considered.
Proposal 1: For CWS adaptation based on UE HARQ-ACK feedback, the CWS is increased if at least one of all the HARQ-ACK feedback values within a predefined window is NACK. Otherwise, the CWS is reset to the minimum value.
1.2 Based on eNB medium sensing
In the subsequent email discussion of RAN1 #82, the following options of contention window size adaptation based on LAA measurement have been identified.
For LBT Category 4, contention window size (CWS) adaptation is based on observation of busy and idle slots at the eNB in an observation window. The following options are considered for adapting the CWS.
· Metrics
· Option 1: Metric = Number of busy periods
· Option 2: Metric = Number of busy slots
· Adaptation rule
· If the metric is larger than a threshold, then increase the CW size
· If the metric is smaller than a threshold, then reduce (or reset) the CW size
· Threshold
· Threshold  can be predefined value or derived from current CWS value or properties of the observation window 
· Observation window
· [bookmark: OLE_LINK90][bookmark: OLE_LINK91]Option A: The time between two DL PDSCH transmissions 
· [bookmark: OLE_LINK92][bookmark: OLE_LINK93]Option B: The time between the random ECCA counter is drawn and the time when the counter reaches zero (or) the time that the packet is transmitted
· Note: for both options, the observation window may exclude the time period that the eNB voluntarily freezes the counter during the ECCA procedure. 
· There may be other conditions under which CW size is reset to minimum (e.g. buffer is flushed etc.)
· On metrics:
A busy period in Option1 is the total time the channel is occupied between two idle CCA slots, and the idle CCA slot includes when  the whole defer period CCA detection idle considered as one idle CCA slot.
· On observation window:
For Option A, two DL PDSCH transmissions is come from the same eNB or any two eNBs should be clarified. If it is the latter, how the eNB performed cat4 LBT recognize the start or the end of each DL transmission? If is the former,  the interval of two DL transmission of the same eNB may be very long, especially in low load case, which may make eNB always perform CCA detection for observation CCA slot even it has no data to transmit. Obviously, this is not reasonable. 
For Option B, the time between the random ECCA counter is drawn and the time when the counter reaches zero (or) the time that the packet is transmitted is considered as observation window, and the time is the shortest for eNB CCA detection. 
Therefore, Option B as observation window is reasonable, and the time for eNB performing CCA detection is shorter than Option A.
· On adaptation rule and threshold
The CWS adaptation threshold can be a fixed value, or derived from the observation window. We think the threshold should be related to the observation window. The reason is obvious that the value of threshold should be proportional to the length of observation window. For example, the threshold can be a function of N where N is the value of the random ECCA counter when initially drawn, e.g., threshold = N*C (C is a scaling factor). 
· On CCA ED threshold
Note that a lower CCA ED threshold may expand the geographical area of eNB observation, hence, more nodes may be observed, which in turn may increase the metrics during an observation window. However, for any given CCA ED threshold, the CWS adaptation general rule will not be affected. 
Proposal 2: For CWS adaptation based on observation of busy and idle slots at the eNB in an observation window, the CWS is increased if number of busy periods is larger than a threshold where the threshold is derived from the observation window between the random ECCA counter is drawn and the time when the counter reaches zero. Otherwise, the CWS is reset to the minimum value. 
2 Conclusion
In this contribution, we have discussed several aspects of contention window size adaptation for DL LBT. We have the following proposals:
Proposal 1: For CWS adaptation based on UE HARQ-ACK feedback, the CWS is increased if at least one of all the HARQ-ACK feedback values within a predefined window is NACK. Otherwise, the CWS is reset to the minimum value.
Proposal 2: For CWS adaptation based on observation of busy and idle slots at the eNB in an observation window, the CWS is increased if number of busy periods is larger than a threshold where the threshold is derived from the observation window between the random ECCA counter is drawn and the time when the counter reaches zero. Otherwise, the CWS is reset to the minimum value. 
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