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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. 
The TR recommends a Category 4 LBT with random back-off with variable size of contention window to be the baseline at least for LAA DL transmission bursts containing PDSCH where the detailed description of Category 4 LBT scheme is as the following [2]:
Category 4 LBT scheme description
The LBT scheme defined here is based on the procedure in Option B in clause 4.8.3.2 of [4] except for the following modifications to form a category 4 LBT scheme that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic variable  backoff or semi-static backoff between X and Y ECCA slots. Further details are provided below.
-	One candidate for variation of the contention window is exponential backoff. It should be noted that most of evaluations are based on exponential backoff.
-	The value of X and Y is a configurable parameter
-	For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.
-	Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
-	Based on eNB’s assessment (e.g. sensing based adjustment)
· Consider minimum ECCA slot size smaller than 20 µs.
· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle. No ECCA countdown is performed during the defer period.
· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
· Initial CCA is performed to transmit a DL transmission burst when the eNB has not transmitted any signal/channel although the random backoff counter reached zero in the backoff procedure.
In the above procedure, defer period is defined as the minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for a time period not less than the defer period. 
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.
Alt. 1 Based on feedback from UE
In this method, the CW size is adjusted according to HARQ-ACK fed back from UE. For example, if the number of UEs that feedback NACK exceeded a predefined threshold, then the LAA site will increase the CW size for the next LBT (e.g., double the CW size). Since the LAA eNB cannot distinguish whether the NACK/DTX is caused by channel collision or channel fading, hence, this method may waste some channel opportunities if the CW size is increased assuming NACK is caused by channel collision. Several aspects of UE feedback and criteria for CW size adjustment should be considered. 
In addition to HARQ-ACK fed back from UE, the interference observed on the unlicensed carrier should be fed back by a UE. The CW size is adjusted according HARQ-ACK and interference measurement fed back from a UE. For example, if a NACK was received and the interference was lower than a threshold, then this NACK could likely be caused by channel fading instead of channel collision. If a NACK was received and the interference was high as well, then this NACK could be caused by channel collision with high probability. If the LAA eNB can effectively distinguish channel fading and channel collision, the adjustment of CW size could be more matched to the channel load.
Another aspect of UE feedback is the time interval during which the UE measured to get the feedback. For example, the feedback from a UE could be based on the most recent measurement interval (e.g., a pre-defined or configured measurement interval on the most recent transmission burst from its LAA eNB). In this case, such feedback would only reflect a short time channel statistics. In another example, the feedback from a UE could be based on a relative long term measurement interval (e.g., multiple transmission bursts from its LAA eNB or a continuous time interval during which its LAA eNB may not occupy the unlicensed carrier). For instance, in a scenario that only operator deployed LAA nodes exist, this longer term statistics may be more accurate to reflect the relatively stable number of LAA nodes and traffic load.
Different from WiFi, there could be multiple UEs scheduled and configured for feedback during a single transmission burst. The number of UEs that feedback information for CW adjustment should be taken into consideration. For example, the LAA node may increase the CW size only if at least M NACK were fed back from UEs. 
Alt. 2 Based on LAA measurement
In this approach, the CW size is adjusted only according to measurement of LAA node itself. The basic idea is to characterize the channel load using LAA measurement and hence to adjust CW size. 
An example of CW adjustment based on CCA check at LAA eNB is described as the following. Here P is a counter of how many times the unlicensed carrier changes from idle to busy during each ECCA check during the Kth LBT attempt.  The LAA eNB adjusts the CW size for the (K+1)th LBT attempt according to P or P/N by comparing it with a predefined threshold.
In summary, to ensure fairness among nodes for coexistence on the unlicensed carrier, each node should apply the same method of adjusting CW. Hence, the method of adjusting CW should be standardized. For example, criteria for CW adjustment, triggering condition for adjustment should be standardized.
Proposal: the contention window size adaptation for DL LBT should be standardized.
2 Conclusion
In this contribution, we have discussed several aspects of contention window size adaptation for DL LBT. We have the following proposal:
Proposal: the contention window size adaptation for DL LBT should be standardized.
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	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.
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	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 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 
UE bandwidth for Wi-Fi: 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



· Simulation Results
	Reported parameters
	CW size adjust based on UE HARQ-NACK

	
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]

	5%
	52.083
	54.829
	14.635
	26.999
	1.788
	1.915

	
	50%
	71.656
	75.532
	33.374
	34.751
	9.030
	5.093

	
	95%
	98.782
	90.107
	77.404
	66.685
	49.229
	23.454

	
	Mean
	76.328
	76.184
	40.397
	39.715
	15.820
	8.551

	Delay CDF
[s]
	5%
	0.004
	0.004
	0.004
	0.004
	0.007
	0.011

	
	50%
	0.007
	0.006
	0.024
	0.025
	0.081
	0.142

	
	95%
	0.073
	0.066
	0.228
	0.419
	0.701
	0.843

	
	Mean
	0.019
	0.017
	0.054
	0.086
	0.175
	0.254

	𝜌
	%
	99.922
	100.000
	99.946
	99.377
	95.318
	72.581

	BO
	%
	12.228
	11.023
	35.479
	37.441
	78.920
	83.066

	𝜆
	1.6
	2.4
	3.2



	Reported parameters
	CW size adjust based on LAA eNB CCA check

	
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]

	5%
	52.083
	57.027
	23.483
	33.191
	2.134
	0.887

	
	50%
	71.181
	77.018
	42.950
	41.797
	13.627
	6.638

	
	95%
	98.705
	89.151
	82.988
	66.454
	51.367
	26.973

	
	Mean
	75.488
	77.394
	48.555
	45.512
	17.940
	9.649

	Delay CDF
[s]
	5%
	0.004
	0.004
	0.004
	0.004
	0.007
	0.009

	
	50%
	0.006
	0.006
	0.018
	0.018
	0.060
	0.115

	
	95%
	0.055
	0.060
	0.137
	0.323
	0.560
	0.791

	
	Mean
	0.016
	0.016
	0.036
	0.066
	0.135
	0.215

	𝜌
	%
	100.000
	100.000
	100.000
	99.792
	95.318
	69.240

	BO
	%
	11.070
	10.677
	28.363
	32.859
	74.718
	83.195

	𝜆
	1.6
	2.4
	3.2
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