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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 has 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 Simulations
Simulations were conducted to compare the performance of CWS adaptation based on UE HARQ-ACK feedback and eNB sensing. Two LAA networks in an indoor scenario is considered.
For CWS adjustment based on UE feedback, Option 2 and 3 are implemented as the following.
· Option 2: The CWS in doubled if at least one of the considered HARQ-ACK feedback values corresponding to the latest DL subframe of the latest DL transmission burst is NACK. Otherwise, the CWS is reset to the minimum value.
· Option 3: The CWS is doubled if at least one of the HARQ-ACK feedback values within the latest DL transmission burst is NACK. Otherwise, the CWS is reset to the minimum value.
For CWS adjustment based on eNB sensing, the metric is chosen to be the number of busy periods and the observation window is the time between the random ECCA counter is drawn and the time when the counter reaches zero. The following two thresholds are considered 
· Option 1: The CWS is doubled if at least one busy period is observed. Otherwise, the CWS is reset to the minimum value. In other words, the threshold is zero.
· Option 2: The threshold is chosen to be 0.05*number of CCA slots in the observation window.
Detailed simulation parameters and results are presented in the Appendix. The following are observed based on the results.
· CWS adjustment based on eNB sensing has better performance than CWS adjustment based on UE feedback especially in high load case.
· For CWS adjustment based on UE feedback, Option 3 has better performance than Option 2.
· For CWS adjustment based on eNB sensing, the performance of both ways to determine the thresholds are similar.
Proposal 3: For LBT Category 4 operation for PDSCH, the CW size shall be adjusted based on the eNB medium sensing based metrics. 
3 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. 
Proposal 3: For LBT Category 4 operation for PDSCH, the CW size shall be adjusted based on the eNB medium sensing based metrics. 
References
[1] Chairman's Notes RAN1_82 – final

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.
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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: 0.5/8 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


· Simulation Results
Table A.1 Low load
	Reported parameters
	CWS adjustment based on UE HARQ-NACK
	CWS adjustment based on eNB sensing

	
	Option 2
	Option 3
	Option 1
	Option 2

	
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	47.851
	43.949
	47.861
	43.334
	48.372
	42.839
	48.301
	44.321

	
	50%
	61.915
	64.520
	62.334
	64.397
	63.366
	66.236
	63.676
	66.600

	
	95%
	81.314
	85.550
	80.739
	83.275
	82.508
	83.659
	82.098
	83.677

	
	Mean
	63.867
	65.881
	64.269
	66.386
	64.800
	66.975
	65.487
	67.764

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

	
	50%
	0.010
	0.010
	0.010
	0.009
	0.010
	0.009
	0.010
	0.009

	
	95%
	0.089
	0.075
	0.080
	0.071
	0.080
	0.069
	0.075
	0.068

	
	Mean
	0.022
	0.021
	0.022
	0.019
	0.022
	0.019
	0.020
	0.019

	𝜌
	%
	99.979
	99.916
	99.979
	99.916
	99.979
	99.895
	99.958
	99.874

	BO
	%
	16.383
	15.005
	16.093
	14.622
	15.475
	14.202
	15.062
	13.872

	𝜆
	2



Table A.2 Medium load
	Reported parameters
	CWS adjustment based on UE HARQ-NACK
	CWS adjustment based on eNB sensing

	
	Option 2
	Option 3
	Option 1
	Option 2

	
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	12.150
	11.717
	13.425
	13.710
	19.802
	16.333
	20.304
	17.500

	
	50%
	23.501
	26.354
	26.190
	29.067
	33.371
	36.126
	33.086
	36.227

	
	95%
	50.176
	47.746
	52.852
	50.708
	62.256
	59.373
	62.452
	59.791

	
	Mean
	26.749
	29.035
	29.030
	31.879
	36.891
	38.181
	36.260
	38.784

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

	
	50%
	0.047
	0.042
	0.040
	0.034
	0.025
	0.023
	0.026
	0.024

	
	95%
	0.399
	0.335
	0.337
	0.269
	0.249
	0.245
	0.245
	0.222

	
	Mean
	0.101
	0.085
	0.087
	0.071
	0.060
	0.058
	0.061
	0.056

	𝜌
	%
	99.011
	99.099
	99.506
	99.760
	99.628
	99.790
	99.806
	99.744

	BO
	%
	47.554
	44.033
	44.495
	40.313
	36.263
	34.718
	36.442
	34.242

	𝜆
	2.8



Table A.3 High load
	Reported parameters
	CWS adjustment based on UE HARQ-NACK
	CWS adjustment based on eNB sensing

	
	Option 2
	Option 3
	Option 1
	Option 2

	
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	UPT CDF
[Mbps]
	5%
	3.775
	5.054
	4.513
	6.471
	9.874
	9.190
	9.742
	8.502

	
	50%
	10.856
	14.577
	12.902
	16.422
	21.355
	22.964
	19.400
	23.537

	
	95%
	32.724
	36.904
	36.331
	36.624
	48.863
	45.735
	50.064
	45.107

	
	Mean
	14.543
	17.702
	16.804
	19.783
	25.235
	26.809
	24.284
	26.212

	Delay CDF
[s]
	5%
	0.008
	0.008
	0.007
	0.007
	0.004
	0.005
	0.005
	0.005

	
	50%
	0.092
	0.068
	0.089
	0.058
	0.041
	0.039
	0.045
	0.042

	
	95%
	0.627
	0.540
	0.611
	0.464
	0.445
	0.442
	0.502
	0.441

	
	Mean
	0.173
	0.136
	0.168
	0.118
	0.105
	0.101
	0.113
	0.103

	𝜌
	%
	94.448
	95.893
	95.325
	97.892
	98.629
	98.798
	99.204
	98.692

	BO
	%
	63.707
	57.186
	61.034
	53.663
	49.544
	47.686
	50.660
	48.468

	𝜆
	3.2
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