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Introduction
One of the most important design goals of LAA is fair coexistence with other radio access technologies (RATs) such as Wi-Fi and/or other LAA networks deployed by other operators. To meet the design goal, Listen before Talk (LBT) has been considered as a key enabling technology, where data packets are transmitted only when the channel is sensed to be idle. 

In RAN-81, it was agreed that Category 4 LBT mechanism is used as a baseline at least for LAA DL transmission bursts containing PDSCH. 
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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 [5] 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 this contribution, we study the LBT contention window adaptation for DL only data burst transmission, wherein contention window is adapted based on dynamic variable backoff method. In particular, we study various contention window adaptation methods based on the UEs HARQ feedback for each PDSCH within the burst.  In the studied design, the contention window is doubled (upto a maximum value of Y) every time a triggering event occurs.  Various CW adaptation options are detailed in Table 1. 

Table 1: Contention window adaptation options 

	Option
	Triggering Event
	Comment
(CW for data-burst t, is updated based on the feedback received in data-burst t-1)

	1
	
No CW adaptation 
	CW = X

	2
	Any NACK in data burst
	CW(t) = min { 2CW(t-1), Y}, if a NACK is received in the data burst
CW(t) = X, if no NACK in data burst

	3
	50% NACKs in data burst 
	CW(t) = min { 2CW(t-1), Y}, if 50% NACKs are received in the data burst
CW(t) = X, if no NACK in data burst

	4
	Any NACK in first subframe within data burst
	CW(t) = min { 2CW(t-1), Y}, if a NACK is received in first subframe in the data burst
CW(t) = X, if no NACK in data burst

	5
	50% NACKs in first subframe within data burst

	CW(t) = min { 2CW(t-1), Y}, if 50 % NACKs are received in first subframe in the data burst
CW(t) = X, if no NACK in data burst

	6
	Any NACK in last subframe within data burst

	CW(t) = min { 2CW(t-1), Y}, if a NACK is received in first subframe in the data burst
CW(t) = X, if no NACK in data burst

	7
	50% NACKs in last subframe within data burst

	CW(t) = min { 2CW(t-1), Y}, if a NACK is received in last subframe in the data burst
CW(t) = X, if no NACK in data burst



Simulation Assumptions
We follow the evaluation methodology defined in the latest version of TR 36.889. In this section, we provide additional assumptions made in our evaluations.  
LAA
The following particular setup is used in our simulations unless stated otherwise.  
· We assume the Cat. 4 LAA DL LBT scheme which was agreed as baseline assumption [1]. More detailed assumptions are given below. 
· Initial CCA duration and extended CCA defer period (BiCCA & DeCCA): 34 s 
· eCCA slot duration: 9 s
· LAA ED thresholds: -82 dBm
· Dynamic exponential backoff with the CW of  [X,Y] = [16, 1024]

· Max LAA burst length: 4 msec
· Forward and backward partial sub-frames used [1] if the start of an LAA burst is not aligned with the sub-frame boundary 
· Only unlicensed band is used for LAA data transmission
a) Each eNB uses only one 20 MHz unlicensed carrier for LAA data transmission.    
b) Self-carrier scheduling assumed
c) 3 OFDM symbols for control region on unlicensed carrier  
Wi-Fi 
· Rate and rank selection for DL data transmission 
CL-MIMO: After every successful packet reception, CSI information is updated at the AP. No explicit feedback overhead is modeled. If there has been no successful packet reception at the STA for an interval of 100 ms, the AP falls back to a default configuration, QPSK, code rate = ½, and rank = 1. 
· Short GI of 400ns is used for each WiFi OFDM symbol 
· RTS/CTS: Not applied. 
                                    
Simulation Results
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Figure 1: Performance evaluation showing the impact of the CW adaptation schemes (Average DL UPT for WiFi)
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Figure 2: Performance evaluation showing the impact of the CW adaptation schemes (Average DL UPT for LAA)

Observations 

Observation 1: Contention adaption is required for co-existence. If no contention window adaptation is used, WiFi co-existence cannot be guaranteed, at-least for the full buffer scenario. 

Observation 2: Different contention window schemes studied provide co-existence with WiFi. No significant degradation/improvement observed with different CW options considered. 

Observation 3: CW adaptation based on the exponentially incrementing CW based on any NACK received in the data burst provides co-existence.  Note that similar mechanism is used in 802.11n WiFi, wherein, for any NACK within the block-ack, CW is updated. 

Note that a DTX should be considered as the non-successful reception at the UE when self-carrier scheduling is used.  Based on the above observation, we propose that: 
Proposal 1:  Update contention window when a  NACK or DTX (when self-carrier scheduling is used for PDSCH transmission) is received for DL data burst, i.e. CW(t) = min { 2CW(t-1), Y}, if a NACK or DTX is received in the data burst and CW(t) = X, if no NACK or DTX (when self-carrier scheduling is used for PDSCH transmission) ) received for the DL data burst.  

Conclusion
In this contribution, we studied the LBT contention window adaptation based on HARQ ack/NACK feedback. 

Proposal 1:  Update contention window when a  NACK or DTX (when self-carrier scheduling is used for PDSCH transmission) is received for DL data burst, i.e. CW(t) = min { 2CW(t-1), Y}, if a NACK or DTX is received in the data burst and CW(t) = X, if no NACK or DTX (when self-carrier scheduling is used for PDSCH transmission) ) received for the DL data burst.  
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