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1. Introduction

In RAN1#82[1], the following was agreed for contention window size (CWS) adjustment. The methods for CWS adjustment are classified into two types: HARQ-ACK/NACK feedback based adjustment and eNB medium sensing based adjustment. Considering the following agreement, this contribution suggests design options for each type of CWS adjustment and provides evaluation results on design options. In addition, we discuss multiple DL listen-before-talk (LBT) priority classes and CWS adjustment considering multiple LBT priority classes.
	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


2. Contention window size adjustment

2.1. HARQ-ACK/NACK based CWS adjustment
As mentioned in Section 1, there are two approaches for CWS adjustment. The first approach is HARQ-ACK/NACK based CWS adjustment. In detail, we consider following three options:
· Option 1: The CWS is increased if all of HARQ-ACK feedback values corresponding to the first DL subframe of the DL transmission burst are NACK. Otherwise, the CWS is reset to the minimum value.

· Option 2: The CWS is increased if all of HARQ-ACK feedback values corresponding to the latest DL subframe are 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 K ms window are NACK. Otherwise, the CWS is reset to the minimum value.
For Option 3, we need the parameter optimization for Z and need to discuss how to define observation window to collect the set of HARQ-ACK/NACK feedback values. For Option 2, the definition of the latest DL subframe can be unclear since the latest DL subframe may be altered depending on when the actual CWS adjustment occurs. However, Option 1 seems quite simple because no further optimization is necessary and the definition of the first DL subframe of the DL transmission burst is obvious.
In addition, if we use HARQ-ACK/NACK feedback for CWS update, we should identify the rule to determine how to take account DTX/NACK or ACK/DTX/NACK combined state and spatially bundled NACK into CWS adjustment.
We evaluated system level simulation for above three options as shown in figure 1. The detailed evaluation assumption is illustrated in Appendix. We can observe that the performances of all options are similar. We can also observe that, in Option 3, the system throughput of WiFi slightly decreases and that of LAA slightly increases as Z increases. This is because the triggering event to increase CWS happens less frequently as Z increases.
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Figure 1. Average UPT with HARQ-ACK/NACK based CWS adjustment for indoor WiFi-LAA coexistence scenario: (a) WiFi performance and (b) LAA performance

Besides three options, the CWS can be reset if there has been no DL transmission on a cell during T, considering that network circumstance such as the number of colliding nodes can be varied during a certain long period T. Or, the CWS can be reset if the maximum CWS is used for X consecutive extended CCA (ECCA) procedures based on WiFi operation that the CWS is reset after several consecutive retransmissions.
2.2. eNB medium sensing based CWS adjustment
The second approach is eNB medium sensing based CWS adjustment, which is to increase the CWS if the ratio of the number of busy slots (or busy periods) to the number of CCA slots during observation window is larger than the threshold Q, and to reset the CWS to the minimum value otherwise. The observation window is defined as the time interval between the timing when the random ECCA counter is drawn and the timing when the counter reaches to zero. In the count of busy slots or CCA slots, eNB may exclude the time period that the ECCA backoff counter is not decreased even if a slot is sensed to be idle or when the eNB does not sense the channel intentionally.
Figure 2 depicts the average UPT performance for WiFi-LAA coexistence scenario. In this simulation, the metric to trigger CWS update is the ratio of the number of busy slots to the number of CCA slots during observation window. We can observe that WiFi performance is degraded and LAA performance is improved as the threshold value, Q increases. Compared with HARQ-ACK/NACK based CWS adjustment approach, the performance variation of eNB medium sensing based CWS adjustment approach is more sensitive on the choice of parameter.

[image: image3]

 SHAPE  \* MERGEFORMAT 
[image: image4]
(a)                                    (b)

Figure 2. Average UPT with eNB medium sensing based CWS adjustment for indoor WiFi-LAA coexistence scenario: (a) WiFi performance and (b) LAA performance

Considering the above observations, HARQ-ACK/NACK based CWS adjustment approach can be more beneficial in the aspects of robustness to the parameter setting and complexity in the specification.
Suggestion 1: HARQ-ACK/NACK based approach can be applied for CWS adjustment for DL LBT.
Suggestion 2: For HARQ-ACK/NACK based CWS adjustment approach,

· CWS is increased if all of HARQ-ACK feedback values corresponding to the first DL subframe of the DL transmission burst are NACK and the CWS is reset to the minimum value otherwise.

· Clarify CWS adjustment operation for the cases of DTX/NACK or ACK/DTX/NACK combined state and spatially bundled NACK.
· CWS is reset if any of the following condition satisfies

· There has been no DL transmission on a cell during T 
· The maximum CWS is used for X consecutive ECCA procedures.

3. Multi-class LBT
According to IEEE 802.11e specification, multiple QoS classes are defined to satisfy a stringent QoS requirement for the traffic containing a higher QoS class. Considering that LAA may also carry some high QoS priority traffic and LAA coexists with WiFi, similar to WiFi, multiple DL LBT priority classes should be supported in LAA SCell. Then, the LBT parameter set which is composed of the minimum and maximum CWS and the length of defer period is defined for each DL LBT priority class. If a DL transmission burst with PDSCH contains various LBT priority classes, we suggest that the single LBT parameter set (e.g., the set for the lowest LBT priority) is applied to category 4 LBT to simplify ECCA procedure. In addition, for CWS adjustment considering multiple DL LBT priority classes, there are alternatives as follows:
· Alt. 1: If CWS adjustment is triggered for any of LBT priority class, it is commonly applied to all LBT priority classes.

· Alt. 2: If CWS adjustment is triggered for a LBT priority class, it is only applied to the triggered LBT priority class.

· Alt. 3: If CWS adjustment is triggered for a LBT priority class, it is commonly applied to LBT classes which are carried with the triggered LBT priority class.
Among three alternatives, we consider Alt. 1 as the most desirable option since collision probability when eNB transmits the triggered LBT priority class traffic may not be different from that when the eNB transmits other class traffic.
Suggestion 3: Multiple DL LBT priority classes should be supported.
Suggestion 4: If a DL transmission burst with PDSCH contains various LBT priority classes, the LBT parameter set for the lowest LBT priority should be used for category 4 LBT.
Suggestion 5: To adjust CWS considering multiple DL LBT priority classes, if CWS adjustment is triggered for any of LBT priority class, it is commonly applied to all LBT priority classes.
4. Summary and conclusions

In this contribution, we suggested further design options for DL LBT operation and provided evaluation results on design options. The suggestions of this contribution are summarized as follows.
Suggestion 1: HARQ-ACK/NACK based approach can be applied for CWS adjustment for DL LBT.
Suggestion 2: For HARQ-ACK/NACK based CWS adjustment approach,

· CWS is increased if all of HARQ-ACK feedback values corresponding to the first DL subframe of the DL transmission burst are NACK and the CWS is reset to the minimum value otherwise.

· Clarify CWS adjustment operation for the cases of DTX/NACK or ACK/DTX/NACK combined state and spatially bundled NACK.

· CWS is reset if any of the following condition satisfies

· There has been no DL transmission on a cell during T 

· The maximum CWS is used for X consecutive ECCA procedures.

Suggestion 3: Multiple DL LBT priority classes should be supported.
Suggestion 4: If a DL transmission burst with PDSCH contains various LBT priority classes, the LBT parameter set for the lowest LBT priority should be used for category 4 LBT.
Suggestion 5: To adjust CWS considering multiple DL LBT priority classes, if CWS adjustment is triggered for any of LBT priority class, it is commonly applied to all LBT priority classes.
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6. Appendix
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 43 us

Extended CCA: 8 us

Defer period: 43 us
	8 us

	Contention window size
	X (minimum contention window size) = 15
Y (maximum contention window size) = 63

	TX burst structure
	Starts at SF boundary and ends at 11-th OFDM symbol
	

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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