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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]At RAN1 #82b meeting, the procedure of adjusting contention window size is discussed and agreed [1].
Agreements:
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]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).
· [bookmark: OLE_LINK51][bookmark: OLE_LINK52]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 these remaining issues of CWS adjustment based on HARQ-ACKs in details. 
Contention window size adaption based on HARQ-ACK feedback
1.1 Reference subframe set
The following three options are considered for adapting the CWS based on the HARQ-ACK feedback of reference subframe set: 
· 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
For Alt. 1 and Alt. 2, CWS adjustment is based on HARQ-ACK feedback from a single subframe. For these two methods, since the number of UEs which feedback HARQ-ACK is relatively few (e.g., only one UE is scheduled within a TTI), it is less likely to reflect the actual load of channel.
On the contrary, in Alt. 3, in most cases, HARQ-ACK feedback from multiple subframes is taken into account for CWS adjustment. The HARQ-ACK feedback comes from more UEs. As a consequence, it is likely to sufficiently reflect the load of channel.
Furthermore, Alt. 3 may be more effective in detecting hidden nodes. For example, if LAA eNBs adjust CWS corresponding to HARQ-ACK feedback of a single subframe, HARQ-ACK feedback 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 of a predefined window in Alt. 3 is more effective than that of Alt. 1 and Alt. 2 considering the problem of hidden node.
Proposal 1: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available should be adopted as the reference subframe set of HARQ-ACK feedback.
1.2 Time effectiveness
For all the above discussed reference subframe sets, there is an important issue of time effectiveness. For example, if there’s a long time idle between the reference subframe set (i.e., the latest DL data burst) and current LBT window, the HARQ-ACK feedback from the reference subframe set may not reflect the current channel status at all. In turn, CWS adjustment based on HARQ-ACK feedback would not be logical and reasonable. To overcome this problem, it is suggested that a limitation of time be applied to the reference subframe set for which HARQ-ACK feedback is available. For example, the number of subframes from the reference subframe set for which HARQ-ACK feedback is available to current LBT is not greater than M. The value of M can be derived from COTmax defined in regulation. For example, M=X*COTmax, where X is selected by network from the set of values from (3, …, 10).
Otherwise, if the number of subframes from the reference subframe set for which HARQ-ACK feedback is available to current LBT is greater than M, the CWS is reset to the minimum value.
Proposal 2:  If the number of subframes from the reference subframe set for which HARQ-ACK feedback is available to current LBT is not greater than M, CWS is adjusted based on HARQ-ACKs. Otherwise, the CWS is reset to the minimum value. M=X*COTmax, and X is selected by network from the set of values from (3, …, 10).
1.3 Simulations
Simulations were conducted to investigate the performance of CWS adaptation based on UE HARQ-ACK feedback with different reference subframe set and Z values. Both LAA-LAA coexistence and WiFi-LAA coexistence scenarios in an indoor deployment are considered. Reference subframe set Alt. 1, Alt. 2 and Alt. 3 are implemented. Different Z values are also simulated.
Detailed simulation parameters are presented in the Appendix. Table 1 to 3 show the mean UPT of both operators’ eNBs with different reference subframe set and Z values under different traffic load.
Table 1 LAA-LAA coexistence, Mean UPT, Alt. 1 of reference subframe set
	𝜆
	0.3
	0.6

	
	LAA op1
	LAA op2
	LAA op1
	LAA op2

	Z = 0.1
	94.743
	94.159
	17.474
	20.597

	Z = 0.5
	94.743
	94.159
	17.474
	20.597

	Z = 1
	94.743
	94.159
	17.474
	20.597








Table 2 LAA-LAA coexistence, Mean UPT, Alt. 2 of reference subframe set
	𝜆
	0.3
	0.6

	
	LAA op1
	LAA op2
	LAA op1
	LAA op2

	Z = 0.1
	97.408
	96.636
	25.808
	29.579

	Z = 0.5
	98.302
	96.157
	20.908
	25.546

	Z = 1
	96.597
	95.450
	18.132
	22.318








Table A.4 LAA-LAA coexistence, Mean UPT, Alt. 3 of reference subframe set
	𝜆
	0.3
	0.6

	
	LAA op1
	LAA op2
	LAA op1
	LAA op2

	Z = 0.1
	98.378
	99.834
	27.002
	30.610

	Z = 0.5
	98.406
	96.205
	22.481
	27.641

	Z = 1
	96.105
	95.347
	20.912
	24.973





The following are observed based on the results.
· Alt. 3 of reference subframe set has the best performance in particular for high load case where CWS has a bigger impact to UPT performance.
· Z = 0.1 has a good performance in general.
Proposal 3: Z = 0.1.
2 Conclusion
In this contribution, we have discussed several aspects of contention window size adaptation for DL LBT and presented the system simulation results. We have the following proposals:
Proposal 1: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available should be adopted as the reference subframe set of HARQ-ACK feedback.
Proposal 2:  If the number of subframes from the reference subframe set for which HARQ-ACK feedback is available to current LBT is not greater than M, CWS is adjusted based on HARQ-ACKs. Otherwise, the CWS is reset to the minimum value. M=X*COTmax, and X is selected by network from the set of values from (3, …, 10).
Proposal 3: Z = 0.1.
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Appendix
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
 (
120 m
50 m
 
 
 
 
 
 
 
 
)



	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 

	Total BS TX power
	24dBm (Ptotal per carrier)
	24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells
Max total UE TX power per cell in licensed spectrum: 23dBm
Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	
3m

	Traffic model
	FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.
FTP model file size: 0.5/8 Mbytes.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 
For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed

	Network synchronization
	For the same operator, the network is synchronized.
Asynchronous between different operators.

	Performance metrics
	· User perceived throughput (UPT)
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF



[bookmark: _Ref414616236]Table A.1: Additional LAA system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx in DL, Cross-polarized

	Transmission schemes
	TM10, QPSK/16QAM/64QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62 dBm

	eNB contention window
	CWmin =15, CWmax = 63

	CCA slot size
	9 us

	Defer period
	25 us

	Max burst length
	10 ms
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