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Introduction
In RAN1 #82, the methods to determine the contention window size of a LAA transmission was discussed [1] with two options left FFS with email discussions in [82-08] for HARQ-ACK based and [82-09] with sensing based solutions respectively. For HARQ-ACK based CWS adjustment, the following was agreed in email discussion as in [2].

Agreements:
· For contention window size adjustment for LBT category 4 operation 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 
· 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 focus on HARQ-ACK based solutions by extending a previous contribution in RAN1 #82 [3]. By analyzing the differences between WiFi ACK and LAA HARQ-ACK, we present our views on how to determine the HARQ-ACK candidate set, and how to use HARQ-ACK feedback to dynamically adjust the contention window size (CWS).

LAA HARQ-ACK Candidate Set

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. Also in [2], the following was proposed. 
For CWS adjustment based on HARQ-ACKs, the considered set of HARQ-ACK feedback values is defined as the following:
· HARQ-ACK values candidate set: The set of HARQ-ACK feedback values considered for adapting the contention window size correspond to the HARQ-ACKs that are decoded and available at the time when the contention window size (CWS) is determined.



The HARQ-ACK is at least 4ms after a LTE subframe transmission, and is normally reported on a licensed PCell. The HARQ-ACK feedback indicates the channel condition when the LAA subframe is transmitted, but not necessary the current channel condition when the HARQ-ACK is received. Thus, a LAA HARQ-ACK feedback cannot provide timely response as in WiFi. 
In WiFi TXOP, all packets are targeted at a single receiver. Comparatively, a LAA burst or TXOP may include multiple subframes targeted to multiple UEs, and a LAA subframe may contain PDSCH targeted to multiple UEs. Thus, the HARQ-ACK results from different UEs indicate the local channel conditions observed at different UE locations. 
Figure 1 shows an example illustrating the above mentioned issues. Assuming a fixed 4ms association timing between the PDSCH and the corresponding HARQ-ACK report and a maximum length of 4ms transmit opportunity (TXOP), there is more than 1ms gap before the HARQ-ACK of the first LAA subframe in the most recent TXOP is received, and more than 4ms gap before the HARQ-ACK of the last PDSCH is available. 

Also shown in Figure 1, a TXOP include PDSCH targeted to UE A, B and C, and a subframe may include PDSCH of multiple UEs, e.g. both UE B and C. Correspondingly, the LAA eNB is expected to receive HARQ-ACK feedback from the scheduled UEs on a PUCCH or PUSCH transmission, and multiple UEs may send feedback in the same UL subframe.



Figure 1. Example of LAA HARQ-ACK feedback 
Observation 1: The LAA HARQ-ACK is delayed feedback for multiple PDSCH transmissions (in different subframes and/or for different UEs.). 
With a delayed HARQ-ACK feedback, can the LAA cell perform LBT before the HARQ-ACK feedback for the previous TXOP is received? If not, there may be a maximum 4ms gap before the LBT can be assumed. If yes, what CWS should be used immediately after the previous TXOP transmission? How to deal with an ongoing LBT process if a new CWS is determined based on the HARQ-ACK feedback? And when should the new CWS be applied? 
To reduce unnecessary delay and waste of channel resource, a backoff procedure should start immediately after a TXOP transmission from the LAA cell. Thus, the CWS should be determined based on all known HARQ-ACK information without waiting for the HARQ-ACK feedback of some subframes in the last TXOP. The CWS should be updated immediately after a TXOP transmission using up-to-date HARA-ACK information. The CWS should not be modified before the current LBT backoff process is completed even if the HARQ-ACK feedback for the most recent TXOP is received in the middle.
Proposal 1: The HARQ-ACK candidate set includes the up-to-date HARQ-ACK information from multiple subframes at the end of each TXOP transmission.
The HARQ-ACK candidate set should include sufficient number of HARQ-ACK feedback to make a reasonable estimation of channel conditions for next TXOP contention access. Several methods can be considered for the size of the HARQ-ACK candidate set, e.g. 
· The HARQ-ACK candidate set can include a given number of HARQ-ACK responses. But in case of light traffic, the HARQ-ACK information may be too old to indicate the current channel condition.
· The HARQ-ACK candidate set can include HARQ-ACK feedback within a given time window. Again, if the window is too long, the old information may not be very useful. If it is too short, the number of HARQ-ACK in the set may be too small.
The HARQ-ACK feedback of a PDSCH transmission from UE is also represented in PDSCH scheduling DCI by indicating whether a PDSCH is a new packet or a retransmission. Thus, the new packet indication and retransmission levels of the pending LAA subframes can be viewed as another form of HARQ-ACK feedback information. Therefore, the status of ongoing HARQ-ACK processes at the LAA eNB can be used as the HARQ-ACK candidate set. The useful status can be initial transmission, retransmission, and the number of retransmissions experience for the HARQ-ACK process.
Proposal 2: The HARQ-ACK candidate set may be defined by 
· A range of HARQ-ACK feedback of previous subframes, or 
· The status of all ongoing HARQ-ACK processes in the LAA cell.
Dynamic CWS adjustment with HARQ-ACK feedback
For 802.11 based WiFi, the CWS is maintained for a single destination device, 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. Since there is no negative acknowledgment (NACK) feedback for 802.11, the WiFi node will treat a packet decode error as a collision. For LAA, the CWS adjustment may be more flexible. In [2], the following options were proposed for CWS adjustment:
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 addition, the CWS is reset to the minimum value if at least one of the following conditions are met:
· Alt 1: if the maximum CWS is used for K consecutive eCCAfor transmission e.g. K=1 or2 or 3. FFS on K
· Alt 2: if there has been no DL transmission by the eNB for a duration of at least T . FFS on T.
· FFS on other alternatives


In the above options, Option 1 is too optimistic, and Option 2 is too pessimistic. Option 3 seems a good balance if the considered HARQ-ACK feedback and the candidate set are well defined.
First of all, the considered HARQ-ACK values should be clarified. In LAA, the PDSCHs included in a pending TXOP transmission may be different from the PDSCH transmitted in the previous TXOP. It may be inappropriate to apply the HARQ-ACK feedback from a UE on a PDSCH transmission targeted to a different UE. 
As shown in Figure 1, the HARQ-ACK feedback of previous TXOP from UE A, B and C represent their observed local channel condition. If the pending subframes are for UE D and E, can the LAA cell determine the CWS for PDSCH targeted for UE D and E based on the HARQ-ACK from other UEs (or HARQ-ACK processes)? In another word, the pending subframes may contain PDSCH with different HARQ-ACK processes from the most recent TXOP transmissions; and may include PDSCH of previous TXOP transmissions before the most recent TXOP. It may be not suitable to use the HARQ-ACK feedback from a HARQ-ACK process to a pending subframe with a different HARQ-ACK process. 
Observation 2: The HARQ-ACK feedback from a UE or a HARQ-ACK process may not represent the channel condition of another UE or HARQ-ACK process. 
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. Comparatively, 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 feedback may not accurately indicate the collision situation in LAA, esp. for an initial PDSCH transmission. 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. 
Moreover, if the first subframe and/or last subframe in a LAA TXOP are partial subframes with less OFDM symbols, the likelihood of a NACK reporting due to decoding error could be higher than a regular LTE subframe.
Observation 3: The reliability to estimate a collision may be different for HARQ-ACK feedback of different retransmission levels.
To reduce unnecessary over-estimation of collision, the NACK or DTX feedback for the initial PDSCH transmission may be ignored in CWS adjustment algorithms. Or different weight should be applied for the NACK or DTX for different retransmission levels.

Proposal 3: The considered HARQ-ACK feedback should include HARQ-ACK status of pending subframes with different weights for different number of retransmissions. 
Compared with WiFi type CWS adjustment based on hard decision, a more flexible CWS adjustment can be applied for LAA with a softer decision based on the number of NACK or DTX in the candidate set. For example, assume the NACK detection probability of subframe transmission is 10%, and the set include 10 HARQ-ACK feedback. The expected number of NACK is 1 even without any collision. Thus, if all 10 feedbacks are ACKs, the CWS should be set to the initial CWS. If there are 2 or more NACKs received, the CWS can be increased assuming a collision occurs. If only 1 NACK is received, it is hard to know whether this is a mis-detection or collision, the CWS may maintain the same. 
Moreover, the HARQ-ACK feedback based solution can co-exist with sensing based solution. The sensing based solution is more suitable for a statistical observation for semi-static CWS adjustment. It can be used together with HARQ-ACK based solution as a complimentary feature, e.g. the sensing based solution is used to determine the CWmin, and the HARQ-ACK feedback is used to dynamically adjust the CWS between the given CWmin and CWmax.
Proposal 4: The LAA can have more flexible with multiple levels of CWS adjustment and co-exist with sensing based solutions.
Conclusion
In this contribution, we analyze detailed considerations of dynamic CWS adjustment with HARQ-ACK feedback. We observe several unique properties of LAA HARQ-ACK to be considered for HARQ-ACK candidate set determination and CWS adjustment. 
For HARQ-ACK candidate set, we propose:
Proposal 1: The HARQ-ACK candidate set includes the up-to-date HARQ-ACK information from multiple subframes at the end of each TXOP transmission.
Proposal 2: The HARQ-ACK candidate set may be defined by 
· A range of HARQ-ACK feedback of previous subframes, or 
· The status of all ongoing HARQ-ACK processes in the LAA cell.

For dynamic CWS adjustment, we propose: 

Proposal 3: The considered HARQ-ACK feedback should include HARQ-ACK status of pending subframes with different weight for different number of retransmission. 
Proposal 4: The LAA can have more flexible with multiple levels of CWS adjustment and co-exist with sensing based solutions.
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