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1 Introduction
At RAN #82bis meeting, the CWS was considered to be adjusted based on HARQ ACK/NACK feedback in the working assumption and it was agreed that [1]
Agreements:

· For CWS adjustment based on HARQ-ACKs,

· Set of CWSs for LBT priority class 3 = {15, 31, 63}
· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).

· Reference subframe set (to be down selected)

· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available
· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.

· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX
In this contribution, we discuss the three alternatives of the reference subframe set for the HARQ-ACK based CWS adjustment mechanism and show our preference of the CWS parameters.

2 HARQ-ACK based CWS adjustment for LAA
2.1 Discussions on reference subframe set
The CWS adjustment in 802.11 is also based on ACK feedback, where the AP schedules one station (except for MU-MIMO mode) over one TXOP and would double the CWS if ACK is not received for the latest TXOP. Whether the station can successfully decode the TXOP is impacted by the channel status over the whole TXOP.
Different from Wi-Fi where there is only one ACK/NACK for each TXOP, one transmission burst of LTE includes multiple subframes on each one of which multiple UEs can be scheduled, thus multiple ACK/NACKs are reported. To compare the CWS triggering of Wi-Fi, Alt. 3 is the most similar approach since it takes into account the channel status of the whole transmission burst. Alternatively, if the eNB adjusts the CWS only based on the HARQ feedback for one subframe, either the latest subframe as in Alt. 1 or the first subframe of the transmission burst as in Alt. 2, this report can only cover partial transmission burst. For example assuming one STA/UE is scheduled over a 4 ms TXOP/transmission burst and interfered all over the burst except for the last 1 ms, the AP and Alt. 3 eNB may possibly trigger doubling the CWS since the station cannot decode the TXOP and the ratio of NACKs exceeds the threshold, while Alt. 1 eNB may reset the CWS considering the latest subframe is ACK. Similar issue can be observed for Alt. 2 when the UE is interfered over the transmission burst except for the first 1 ms. Therefore, to resemble the Wi-Fi CWS adjustment mechanism, it is beneficial to adopt Alt. 3 for LAA.
Observation: Compared to Alt. 1 and Alt. 2, Alt. 3 can cover the channel status of the whole transmission burst as Wi-Fi does.
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Figure 1. Alt. 1 and Alt. 2 may not cover the channel status of the whole transmission burst as Wi-Fi does
Moreover, larger number of ACK/NACK samples can be recorded in Alt. 3 as compared to Alt. 1 and Alt. 2, which contributes to deriving a more precise NACK ratio. E.g., if only one UE is scheduled in the certain subframe of Alt. 1 or Alt. 2, the NACK ratio is either 0 or 100% so that it makes no sense whatever the threshold of Z value is. For Alt. 3, however, the CWS adjustment can be more accurately achieved by calculating the NACK ratio over multiple HARQ reports.
Furthermore, the eNB would avoid doubling the CWS anytime it schedules a UE with robust link (e.g., cell center UE) at the last subframe (Alt. 1) or first subframe (Alt. 2) of each transmission burst, which could have adverse impact to co-existing Wi-Fi nodes because LAA eNB is more likely to receive ACK feedback. But for Alt. 3, this artifact can be efficiently avoided. In addition for Alt. 1, since the time of updating CWS may be autonomously determined by the eNB, it can update the CWS by adaptively determining the “latest DL subframe” as the one on which <Z% NACKs are received so that the doubling can be avoided. For Alt. 3, such unwanted behaviour can be prevented since the CWS updating is performed per transmission burst.
Proposal 1: For CWS adjustment based on HARQ-ACKs, the reference subframe set consists of all subframes of the latest DL data burst for which HARQ-ACK feedback is available.
2.2 Discussions on parameters

For Z value, it is suggested not to adopt too aggressive value such as 100, which may result in low probability to trigger the CWS doubling especially when large number of HARQ-ACKs is reported. 
The simulation is performed to evaluate the impact of various Z values to the average CWS of LAA, and the corresponding average CWS values of co-existing Wi-Fi are also presented as reference. Wi-Fi co-existing with Wi-Fi and Wi-Fi co-existing with LAA scenarios are evaluated for outdoor deployment with DL-only traffic in LAA network and DL+UL FTP + VoIP traffic in Wi-Fi network. It can be shown in figure 2 that when Z>50 the average CWS of LAA is much lower than that of co-existing Wi-Fi nodes, which may lead to unfair channel access opportunities. Also the performance of Wi-Fi UPT will be harmed by LAA with too large Z value as presented in figure 3~6. Therefore, it is beneficial to adopt moderate Z value to achieve friendly protection to co-existing Wi-Fi networks, e.g. Z=50.
Proposal 2: For CWS adjustment based on HARQ-ACKs, it is suggested to adopt Z=50.
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Figure 2. Average CWS of Wi-Fi and LAA for LAA and Wi-Fi co-existence for various Z values.
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Figure 3. Wi-Fi DL average UPT for LAA and Wi-Fi co-existence for various Z values. DL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference.
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Figure 3. Wi-Fi UL average UPT for LAA and Wi-Fi co-existence for various Z values. UL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference.
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Figure 4: Wi-Fi VoIP outage probability for LAA and Wi-Fi co-existence for various Z values. VoIP outage of Wi-Fi co-existing with Wi-Fi is presented as reference.
We next discuss the following FFS points:

· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
If we allow the eNB to reset the CWS to its minimum value if the maximum CWS has been kept for K consecutive transmissions, then it is not necessary to additionally define a duration of T. It could be left for eNB implementation, for example the eNB could continue running eCCA without actual transmissions, and determine the time to reset the CWS to the minimum value after K consecutive eCCA with maximum CWS but without transmissions.

HARQ-ACK DTX in legacy LTE is a response for whether the UE has successfully detected the scheduling. If the eNB receives a DTX from the UE which it did not schedule, this DTX should not be accumulated into the total number of ACK/NACKs. On the other hand, if the DTX is from the UE scheduled by the eNB, this means that the UE did not successfully detected the PDCCH, thus this DTX should be considered as a NACK.
Proposal 3: It is not necessary to specify/define the duration of T.
Proposal 4: If the DTX is from a UE scheduled by the eNB, this DTX should be considered as a NACK; otherwise a DTX received from a non-scheduled UE should be ignored.
3 Conclusion

In this contribution, we discussed and show our preference on the alternative of reference subframe set and detailed parameters for HARQ-ACK based CWS triggering. Based on the discussions and simulation results, we draw the following conclusions:
Observation: Compared to Alt. 1 and Alt. 2, Alt. 3 can cover the channel status of the whole transmission burst as Wi-Fi does.
Proposal 1: For CWS adjustment based on HARQ-ACKs, the reference subframe set consists of all subframes of the latest DL data burst for which HARQ-ACK feedback is available.
Proposal 2: For CWS adjustment based on HARQ-ACKs, it is suggested to adopt Z=50.

Proposal 3: It is not necessary to specify/define the duration of T.
Proposal 4: If the DTX is from a UE scheduled by the eNB, this DTX should be considered as a NACK; otherwise a DTX received from a non-scheduled UE should be ignored.
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [2]. Besides, some other selected assumptions are given in the following table.

Table 1 Detailed simulation assumptions 

	Parameters 
	LAA-LTE 
	Wi-Fi 

	Carrier number
	1

	Traffic model
	BB. FTP3 with packet size of 0.5Mbytes. 
Victim Wi-Fi with UL traffic, others with DL traffic only.

Two additional VoIP UEs are deployed for the victim Wi-Fi network.

The ratio between DL and UL traffic for victim Wi-Fi is with 50% and 50%.

	Tx mode
	MIMO with 1 layer transmission
	MIMO with open loop transmission

	LBT scheme
	Cat. 4

HARQ-ACK triggered
	CSMA/CA

	CCA threshold
	-72dBm for CCA-ED
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	LAA eCCA / Wifi CCA backoff counter
	1~N-1 ECCA slots of LAA, where N~[1,q];

q~[16, 1024]
	1~Z-1 CCA slots of Wi-Fi, where Z=16 as a default value, doubled when ACK is not received, and reset to 16 when ACK is received. The max value of Z is 1024

	ECCA slot length
	 9us
	9us

	Defer period
	43us
	43us AIFS for FTP, 25us for VoIP

	MPDU size
	NA
	1500k Bytes

	Max transmission time
	4ms
	3ms

	HARQ 
	Retransmission with max 3 times
	ACK modeled

	Rate control
	Closed loop
	Open loop

	RTS/CTS
	NA

	MCS
	Up to 256QAM for LAA and Wi-Fi

LDPC for Wi-Fi
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