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1 Introduction

To ensure fairness with WIFI, the LBT Category 4 channel access scheme was discussed and following were agreed [1]-[2]:
Agreements: (RAN1 #82)
· For LBT operation, an ECCA slot size of 9 µs is used
· The actual sensing time is at least 4 µs within the slot.

· For LBT Category 4 operation for PDSCH 
· A defer period consists of a duration of 16 us followed by n consecutive CCA slots.

· n is a positive integer

· The duration of a CCA slot is 9 us.

· FFS on number of slots in the defer period, e.g., n for different QoS classes.

· No count down is performed during the duration of 16 µs at the start of the defer period.

· The backoff counter may be decremented by one at the end of a defer period when all the n slot are observed to be idle.

· If the counter reaches 0 after decrementing, the node shall not transmit immediately and continues the ECCA procedure by performing a CCA check for at least one slot

· FFS: The defer period may be aborted when the channel is observed to be busy anytime in the differ period
Agreements: (RAN1 #82bis)
· For CWS adjustment based on HARQ-ACKs,

· Set of CWSs for LBT priority class 3 = {15, 31, 63}

· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).

· Reference subframe set (to be down selected)

· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available

· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 

· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available

· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.

· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission

· K is selected by NW from the set of values from (1, …,8)

· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX 
Agreements: (RAN1 #82bis)
· RAN1 first identifies cases for ED threshold adaptation, and rules for each case

· Starting from R1-156320, R1-156269, R1-156360, and R1-156361
· Email approval until 29th October
In this contribution, we discuss remaining details in support of LBT Category 4 for LAA DL transmission.
2 Discussion
As there are both LAA-WIFI and LAA-LAA co-existence scenarios, the design of LBT category 4 should consider both scenarios. In the LAA-WIFI co-existence scenario, the similar behavior and parameters as WIFI can be considered for LAA, in order to achieve the fair channel access. In the LAA-LAA co-existence scenario, the efficiency of LAA transmission shall be prioritized in the design of LAA LBT and its parameters. 
2.1 LAA-WIFI co-existence scenario 
LAA contention window
To ensure fairness with WIFI, the dynamic exponential contention window size between X and Y ECCA slots should be adopted for LAA. In the ETSI LBE option B [3], the random value N (defined as the number of idle CCA slots that should be counted before starting transmission) is selected in the range of 1 to q. However, as additional defer period is applied which avoids potential collision with WIFI ACK frame and beacon frame, the random value N for LAA should be selected in range 0 to CW (CW is the size of the contention window), i.e. it should be possible that LAA may transmit immediately after a defer period.

The CW of LBT category 4 would start with CWmin X and may be doubled due to the presence of interference, until it reaches CWmax Y. The CW is reset to be CWmin X, after a successful channel access. In WIFI, different CWmin and CWmax is defined based on the QoS under EDCA mechanism. However, for Rel-13 LAA, only the best effort traffic will likely to be served on the unlicensed carriers, there is no strong need to specify the QoS dependent LBT priority classes in Rel-13. In a later release, such QoS dependant LBT priority classes can be introduced when there is clear demand to support higher priority traffics on the unlicensed carrier. The CWmax should be defined based on the best effort traffic in Rel-13 and should not be smaller than 63. 
ICCA

Before a transmission, the initial CCA (ICCA) can be performed according to ETSI specification for LBE. If the channel is identified to be clear, the equipment may transmit immediately. As a working assumption, the ICCA shall be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS). We suggest ICCA period be configured as the same as DIFS in WIFI, i.e. 34us and is independent from the QoS requirement. 
The defer period
For LAA LBT category 4, a defer period is applied before ECCA counting down is resumed. Similar to the discussion about CW, there is no need to introduce QoS dependent defer period for LAA. Considering the fair co-existence with WIFI, LAA defer periods can be configured as the same as DIFS in WIFI i.e. 34us. 
Relationship between contention window and maximum channel occupancy time
In LAA-WIFI co-existence, if dynamic exponential contention window size is adopted for LAA, the channel access capability is identical for all the LAA nodes. In this case, maximum channel occupancy time should not be related to the contention window size. 
Contention window size adjustment
According to agreements of RAN1#82bis, CW size is adjustment based on HARQ-ACKs. Three alternatives about reference subframe set were provided to be selected for HARQ-ACK feedback. 
-Alt.1: the reference subframe is the latest DL subframe for which HARQ-ACK feedback is available. This alternative can provide the most recent information about whether there is collision in the latest subframe.
-Alt.2: the reference subframe is the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available. In this alternative, the reference subframe corresponds to the time when the backoff counter reaching zero in the latest channel access, and from this angle it is similar to what is done in current WIFI. However, in contrast to WIFI, HARQ-ACK values for the first DL subframe in the last DL burst cannot reflects the most recent interference condition on the channel and the interference may change significantly during the latest transmission burst. 
-Alt. 3: all subframes of the latest DL data burst are considered as reference subframes. This alternative provides more HARQ-ACK feedback values for determining CW size adjustment, which can be more robust, especially in the case with very few UEs being scheduled in the burst.
The CWS will be increased if at least Z % of the HARQ-ACK feedback values are NACK. Considering that typically the target BLER of initial transmission is about 10 %, the threshold for NACK ratio that triggers contention window size increasement should be significantly larger than 10%, for example 50% or above can be considered.  
For the CWS reset issue, we support that if there has been no DL transmission by the eNB for the predefined duration T, CWS shall be reset to the minimum value, since carrier load and interference have already been changed.
ED threshold adaptation
To ensure co-existence with other RATs including Wi-Fi and good performance of LAA, adaptation rules for LAA to adaptively lower the maximum energy detection threshold should be identified. According to the current proposals, ED adaptation rule is dependent on the LAA eNB capability, i.e. whether an LAA eNB is capable of detecting of WIFI presence, or WIFI transmission burst. When an LAA eNB is capable of detecting of the presence of WIFI nodes but not the WIFI transmissions burst (including the start and duration of the WIFI transmission burst), lower maximum ED threshold will have to be used for LAA eNBs when the presence of a neighbor WIFI node is detected. However, an LAA eNB that is at the similar location and is capable capable of detecting WIFI transmission burst, can use -62dbm as the ED threshold, when the WIFI transmission is not detected. It means that the two types of LAA eNB will have significant different channel access capability when there is a neighbor WIFI node but not in the transmitting state. In our view, such kind of unfair channel access among LAA eNBs should be avoided as much as possible. 
Based on the considerations above, we suggest to adopt an single ED threshold adaptation scheme assuming that eNB is capable of detecting the presence of WIFI node, but not the WIFI transmission burst, i.e. an LAA eNB should lower the maximum ED threshold as long as a neighbor WIFI node is detected with a considerable signal strength. The detection of WIFI presence can either be done at the eNB side, or facilitated by the UE measurement reporting. When the neighbor WIFI node is in the transmitting state, fair channel access between LAA and WIFI can be achieved by lower the maximum ED threshold at the LAA eNBs. On the other hand, during the time period that the neighbor WIFI node is not transmitting, since LAA eNB will not compete with WIFI, the LAA performance can still be guaranteed by improving the frequency reuse, such as the Tx alignment methods.  
About the dependency of eNB transmission power and the actual ED threshold, note that for nodes with data bursts being transmitted, the interference level caused by new access points on the same channel is determined by instantaneous transmit power of new nodes. Therefore, dynamic ED threshold determined by instantaneous transmit power for the next transmission bust should be supported for LAA.
2.2 LAA-LAA co-existence scenario 
LAA contention window
Dynamic exponential contention window is unnecessary for LAA-LAA co-existence. The size of LAA CW may be variable by semi-statically configuration of value X and Y. As discussed before, X and Y can be independent from QoS requirement. Considering the size of ECCA slot ~10us and the value of q selected in the range of 4 to 32 as defined in LBE option B in ETSI specification, the value of minimum value of X can be configured as 8, and the maximum value of Y can be configured as 64. The possibility of configuring X=Y should be allowed, where the contention window size is fixed. 
ICCA
For LAA-LAA coexistence scenario, the ICCA slot size of 20us (as currently defined in ETSI LBE option B) can be considered. 
The defer period
For LAA-LAA co-existence scenario, the decrease of the defer period should be considered. A defer period of zero should be possible. 
Relationship between contention window and maximum channel occupancy time
In LAA-LAA co-existence scenario, size of LAA CW is preferable to be configured semi-statically. In this case the fairness of channel access among LAA operators shall be considered. The relationship between contention window size and maximum channel occupancy time can be set up to achieve the fair channel usage. Methods as defined in ETSI LBE option B can be considered. 
3 Conclusion
In this contribution, we discuss remain details in DL LBT design. The proposals can be summarized in the following table 1 and 2
Table 1: Proposals for the LBT category 4 parameters for LAA in LAA-WIFI co-existence scenario
	Parameters
	                                                    Proposal

	LAA 
contention window

	Dynamic contention window is applied

The random value of N is selected in the range of 0 to CW.
The contention window is independent of the Qos requirement
The value of Y (i.e. CWmax) is not smaller than 63

	ICCA
	Same as DIFS in WIFI, i.e. 34us 

	The defer period
	Same as DIFS in WIFI i.e. 34us

	Relationship between CW and MCOT
	In case of dynamic exponential CW is adopted, no relationship between CW and MCOT

	CWS adjustment
	The threshold for NACK ratio that triggers contention window size increasement should be significantly larger than 10%.

If there has been no DL transmission by the eNB for the predefined duration T, CWS shall be reset to the minimum value.

	ED threshold
 adaptation
	A single ED threshold adaptation scheme is adopted assuming LAA eNBs are capable detecting WIFI BSS but not WIF transmission burst.
Dynamic ED threshold determined by instantaneous transmit power for the next transmission bust should be supported for LAA.


Table 2: Proposals for the LBT category 4 parameters for LAA in LAA-LAA co-existence scenario
	Parameters
	                                            Proposal

	LAA
 contention window
	Semi-static configuration of LAA contention window is supported 

The value of X can be configured to 8, the value of Y can be configured to 64 Configuration of X=Y should be allowed.

	ICCA
	Smaller than 34us

	The defer period
	Smaller than 34us

Defer period of zero should be supported

	Relationship between CW and MCOT
	MCOT is direct proportion to the CW size
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