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1 Introduction

In RAN1#82 meeting, contention window (CW) adaptation for DL LAA LBT category 4 was discussed and the following agreements were made:
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
In the email discussion [82-09], CW adjustment based on eNB sensing was discussed and the following agreements were made:
Agreements:
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

· 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

· Option A: The time between two DL PDSCH transmissions

· 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 or when the eNB is not sensing the channel.

· There may be other conditions under which CW size is reset to minimum (e.g. buffer is flushed etc.)

In this contribution, we provide further discussion and evaluation results for CW adjustment based on eNB sensing.
2 Discussions and evaluation
· 2.1
Busy periods and busy slots
In the email discussion [82-09], a busy slot is defined by a CCA slot which has been sensed to be busy, and a busy period is defined by the busy slot as specified in the current ETSI Option A. The number of busy slots may show the total busy time during an observation window, and the number of busy periods may show the possibility of transmission collision during an observation window. Basically, the purpose of CW adjustment is to reduce transmission collision, so the number of busy periods could be more suitable for CW adjustment.
Observation 1: The number of busy periods could be more suitable for CW adjustment.
· 2.2
Observation window
Observation window Option A and Option B are similar under high traffic load conditions, because two DL PDSCH transmissions could be successive. And, the time between the two DL PDSCH transmissions may be close to 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. However, the observation window of Option A may be much longer than the one of Option B under low traffic load conditions, because there may be a long time for no DL transmission. A longer observation window may show a long-term trend, but a short-term trend may be more useful for rapidly changing traffic load conditions. Therefore, 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 could be more suitable for rapidly changing traffic load conditions.
Observation 2: 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 could be more suitable for rapidly changing traffic load conditions.
· 2.3
Adaptation rules
There are a lot of combinations of adaptation rules with various thresholds, observation window sizes, and metrics. For further discussing adaptation rules, the number of busy periods and Option B observation window are used in our evaluation, and four schemes are evaluated, as following:
· Scheme 1: This scheme uses a fixed threshold that is a busy period. If the number of busy periods during an observation window is larger than the threshold, the CWS will be doubled.
· Scheme 2: This scheme uses a threshold that proportionally increases. The minimum value of the threshold is a busy period, and the value of the threshold is doubled as the CW is doubled. 
· Scheme 3: This scheme uses a threshold that proportionally increases. The minimum value of the threshold is two busy periods, and the value of the threshold is doubled as the CW is doubled.
· Scheme 4: This scheme uses a threshold that proportionally increases. The minimum value of the threshold is four busy periods, and the value of the threshold is doubled as the CW is doubled.
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Figure 1 DL UPT of DL-only LAA and Wi-Fi coexistence
Figure 1 shows the evaluation results of Scheme 1 to 4. The evaluation is performed based on the agreed general simulation assumptions in [1], and further details are provided in Appendix. Scheme 1 using a fixed threshold for CW adaptation has lower LAA DL UPT results than the results of the other schemes. This may be because the CWS is more likely doubled under high traffic load conditions in Scheme 1. The schemes using a threshold that proportionally increases could be more effective. However, there are still a lot of combinations, and the combinations may significantly affect the performance of WiFi devices, as shown in Figure 1. Therefore, it is difficult to find suitable adaptation parameters and rules for CW adjustment based on eNB sensing to achieve a better performance and ensure fairness with Wi-Fi.
Observation 3: Adaptation rules should using a threshold that proportionally increases could be more effective.
Observation 4: It is difficult to find suitable adaptation parameters and rules for CW adjustment based on eNB sensing to achieve a better performance and ensure fairness with Wi-Fi.
3 Conclusions

In this contribution, we further discuss and evaluate CW adjustment based on eNB sensing for LAA DL. From the discussion and evaluation results, we have the following observations:
Observation 1: The number of busy periods could be more suitable for CW adjustment.
Observation 2: 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 could be more suitable for rapidly changing traffic load conditions.
Observation 3: Adaptation rules should using a threshold that proportionally increases could be more effective.
Observation 4: It is difficult to find suitable adaptation parameters and rules for CW adjustment based on eNB sensing to achieve a better performance and ensure fairness with Wi-Fi.
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5 Appendix
	Parameter
	Value

	Layout
	Indoor

	Number of unlicensed band carrier
	1

	Number of UEs
	10

	Traffic model
	FTP model 3, 𝜆=1.8 (Low), 2.5(Medium), 2.8 (High)

	LAA/Wi-Fi MCS
	without 256QAM

	Antenna configuration
	2Tx2Rx

	CCA-CS
	-82 dBm

	CCA-ED
	-62 dBm

	CCA and ECCA slot lengths
	20 us and 9 μs

	LAA TXOP
	4 ms

	Wi-Fi MPDU size
	1,500 bytes

	Wi-Fi TXOP
	4 ms

	Wi-Fi channel coding
	BCC

	Rate control
	Minstrel
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