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1 Introduction
At RAN #82 meeting, the procedure of adjusting contention window size is discussed and agreed that [1]
Agreements:
For contention window size adjustment for LBT category 4 operation 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 

· 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
It has been further discussed in the email discussionafter #82 and several potential options regarding two triggering mechanisms were discussed in details. 
For HARQ-ACK based triggering, following three options should be considered [2]:
· 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.
For sensing based triggering, the two options are updated as below while adaptation threshold can be predefined value or derived from current CWS value or properties of the observation window:

· Option 1: Metric = Number of busy periods

· Option 2: Metric = Number of busy slots

In this contribution, different HARQ-ACK based and eNB sensing based Cat.4 schemes are evaluated and compared to derive a conclusion of our preference.

2 Category 4 procedure and parameters
In this contribution, the two triggering mechanisms and detailed options are evaluated with regards to Wi-Fi co-existence performance, with DL-only traffic in LAA network and DL+UL FTP + VoIP traffic in co-existing Wi-Fi network. Two co-existence scenarios are evaluated and compared for outdoor deployments for single carrier as following:
· Scenario a:  Operator #1 deploys Wi-Fi and Operator #2 deploys Wi-Fi

· Scenario b:  Operator #1 deploys Wi-Fi and Operator #2 deploys LAA-LTE
The assumptions for the two triggering mechanisms are presented as follows.
HARQ-ACK based CWS adaptation
Option 1, 2, and 3 are all evaluated. The CWS is doubled if the HARQ-ACK satisfies the triggering condition for each option. For Option 1 and 2, the HARQ-ACK feedback in the latest DL subframe is assumed, while for Option 3, the predefined window is assumed as 4ms which equals to the length of a transmission burst and the Z = 5.

Sensing based CWS adaptation
Option 1 and Option 2 are both evaluated. Option 1 is assumed as the “Option A” mentioned in ETSI regulation [3]. In Option 2 an observation window of 300ms length is assumed, in which the sensed busy or idle state for each ECCA slot is recorded. Considering that the observation window is fixed, the number of busy slots can be equivalently denoted as the ratio of busy slots to total slots within the observation window. Before each ECCA check, the CWS is updated by calculating the busy/total slot ratio and obtaining the CWS from the mapping table. One example of an optimized mapping table (Table 1) is used for the selection of CWS. Then the random backoff counter is generated based on the updated CWS.
Table 1 Mapping table for adjust CWS based on busy/total slot ratio 
	Busy slot ratio
	[0, 0.35) 
	[0.35, 0.5)
	[0.5, 0.6)
	[0.6, 0.67)
	[0.67, 0.73)
	[0.73, 1.0]

	CWS
	16
	32
	64
	128
	256
	512


3 Evaluation results

The HARQ-ACK based triggering mechanism with Option 1 (all NACKs to double the CWS), Option 2 (one NACK to double the CWS), Option 3 (Z% NACKs to double the CWS) and the sensing based triggering mechanism with Option 1 (number of busy periods to double the CWS) and Option 2 (number of busy slots to derive the CWS) are evaluated and compared as in figure 1 ~4. 
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Figure 1: Wi-Fi DL average UPT for LAA and Wi-Fi co-existence for different triggering mechanisms. DL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference.
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Figure 2: Wi-Fi UL average UPT for LAA and Wi-Fi co-existence for different triggering mechanisms. UL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference.
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Figure 3: Wi-Fi VoIP outage probability for LAA and Wi-Fi co-existence for different triggering mechanisms. VoIP outage of Wi-Fi co-existing with Wi-Fi is presented as reference.
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Figure 4: LAA average UPT for LAA and Wi-Fi co-existence for different triggering mechanisms. DL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference.
It can be shown that for HARQ-ACK based triggering mechanism, the Wi-Fi network is not more adversely impacted by Option 3 based LAA in terms of both UPT and VoIP outage probability. In addition, the Wi-Fi co-existing with Option 3 based LAA outperforms that co-existing with Option 1 and 2 based LAA. 

Actually Option 1 and 2 can be seen as two extreme cases of Option 3. For Option 1, it is intuitive that it has low probability when all HARQ-ACK feedbacks are NACKs due to the robust link performance of LAA. On the other hand, one NACK may not represent any channel collision, but just some instantaneous channel fading so that it is no sense to adjust CWS just based on one single NACK. 

For sensing based CWS triggering, Option 2 can provide fair co-existence with Wi-Fi, while Option 1 cannot. In addition, compared with HARQ-ACK based Option 3, sensing based Option 2 guarantees improved Wi-Fi performance with the cost of degraded LAA performance.
Observation 1: Both HARQ-ACK based triggering Option 3 and sensing based Option 2 can provide fair co-existence with Wi-Fi.

Observation 2: For HARQ-ACK Option 1 and 2, fair co-existence with Wi-Fi can’t be guaranteed.
Proposal: Support HARQ-ACK based triggering Option 3 and sensing based Option 2
· For HARQ-ACK based triggering Option 3, FFS the exact value of Z.

· For sensing based Option 2, the CWS is derived by counting the number of busy slots within a defined observation window, that is, the adaptation threshold should be a relative ratio (e.g., A* number of CCA slots within an observation window).
4 Conclusion

In this contribution, we evaluated and compared two triggering mechanisms based on HARQ-ACK report and eNB sensing, respectively. Based on the simulation results, we draw the following conclusions:
Observation 1: Both HARQ-ACK based triggering Option 3 and sensing based Option 2 can provide fair co-existence with Wi-Fi.

Observation 2: For HARQ-ACK Option 1 and 2, fair co-existence with Wi-Fi can’t be guaranteed.
Proposal: Support HARQ-ACK based triggering Option 3 and sensing based Option 2
· For HARQ-ACK based triggering Option 3, FFS the exact value of Z.

· For sensing based Option 2, the CWS is derived by counting the number of busy slots within a defined observation window, that is, the adaptation threshold should be a relative ratio (e.g., A* number of CCA slots within an observation window).
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [4]. Besides, some other selected assumptions are given in the following table.

Table 2 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/
eNB sensing triggered
	CSMA/CA

	CCA threshold
	-60dBm for CCA-ED
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	LAA eCCA / Wifi CCA backoff counter
	1~N ECCA slots of LAA-LTE, 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
	34us
	34us 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


























































































































