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1. Introduction

In RAN1#82bis[1], the followings were agreed for contention window size (CWS) adjustment based on HARQ-ACK/NACK. This contribution suggests detailed design options for HARQ-ACK/NACK based CWS adjustment.
	Working assumption:
· For LBT operation for PDSCH, the CW size (CWS) is adjusted based on HARQ ACK/NACK feedback. 
· FFS: Additional criteria for adjustment based on eNB sensing

Agreements:
· 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



In addition, through email discussion after RAN1#82, following was agreed for DL listen-before-talk (LBT) priority class and we discuss CWS adjustment method if multiple LBT priority classes are supported in LAA SCell.
	Agreements:
· A DL category 4 LBT priority class is defined at least by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period in Table below where the smaller the LBT priority class number, the higher the priority.

· In the table CWmin, CWmax and n refer to the minimum contention window size, the maximum contention window size and the number of CCA slots in the defer period, respectively. 

· Rel-13 supports at least DL LBT priority class 3

· Use of different LBT parameters than the DL LBT priority class 3 will be supported in Rel-13 if RAN2 and RAN1 finds the associated work feasible within Rel-13 time frame

· For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.

· Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3. 
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· Note:  The Maximum channel occupancy time (and whether different values per LBT class are needed) requires further discussion

· FFS if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.

· FFS if more DL LBT priority classes are needed.

· Inform RAN2 of the DL LBT priority classes and request them to take this into consideration in their associated work.

· FFS on the DL LBT priority class for UL grant only transmission


2. HARQ-ACK/NACK based contention window size adjustment

Definition of reference subframe set

As mentioned in Section 1, it was agreed that the CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK and, otherwise, the CWS is reset to the minimum value. There are three types of definitions for the reference subframe set as follows.
· 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
For Alt. 1, the definition of the latest DL subframe can be unclear since the latest DL subframe may be changed depending on when the actual CWS adjustment occurs. On the other hand, Alt. 2 and Alt. 3 seem reasonable because the very first subframe or beginning several subframes of the latest DL data burst can be useful to detect collision caused by simultaneous transmission.
Suggestion 1: Reference subframe set can be defined as one of following alternatives.

· 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
CWS reset condition

The CWS can be reset if there has been no DL transmission on a cell during a time period T, considering that network circumstance such as the number of colliding nodes can be varied during a certain long period T which can be defined around a few multiples of maximum channel occupancy time, e.g. 50 ms.
Suggestion 2: CWS is reset if there has been no DL transmission on a cell during a time period T (e.g., in the order of 50 ms).

Consideration on HARQ-ACK DTX

In Rel-12 LTE specification, eNB can receive following kinds of HARQ-ACK responses for an LAA SCell:

Case 1) ACK


Case 2) DTX, which means explicit DTX response or implies that eNB does not detect any HARQ-ACK response corresponding to a PDSCH transmitted in the LAA SCell

Case 3) NACK


Case 4) NACK/DTX coupled feedback


Case 5) “any” state (e.g., for TDD channel selection case)
It is obvious that eNB regards Case 1) as ACK and Case 3) as NACK for CWS update. In addition, we suggest that eNB regards HARQ-ACK responses such as Case 4) and Case 5) as NACK for the simplicity of CWS adjustment.
For Case 2), it is necessary to consider it separately depending on either self-carrier scheduling or cross-carrier scheduling. In detail, for self-carrier scheduling, eNB can consider DTX as NACK because both control and data channels are transmitted in the same unlicensed carrier. On the other hand, for cross-carrier scheduling, eNB can neglect DTX for CWS adjustment since control channel failure in licensed carrier is definitely not related to channel status in unlicensed carrier.
For instance, a UE is configured with self-carrier scheduling for LAA SCell CC#1 and cross-carrier scheduling for LAA SCell CC#2. eNB schedules the UE both for CC#1 and CC#2 at the same time. If eNB does not detect any HARQ-ACK response for both two carriers scheduled to the UE (i.e., Case 2) DTX), it adjusts CWS of CC#1 as if it receives NACK from the UE and neglects HARQ-ACK DTX of the UE for CC#2.
Suggestion 3: Following rules should be identified to handle HARQ-ACK DTX.
· If eNB receives HARQ-ACK response such as “NACK/DTX” coupled feedback or “any” state, eNB considers it as NACK.
· If eNB receives HARQ-ACK DTX, eNB considers HARQ-ACK DTX as NACK for a UE that is configured with self-carrier scheduling and neglects HARQ-ACK DTX for a UE that is configured with cross-carrier scheduling.

· Note: HARQ-ACK DTX means explicit DTX response or implies that eNB does not detect any HARQ-ACK response corresponding to a PDSCH transmitted in the LAA SCell.

3. Multi-class LBT
It was agreed that the LBT parameter set which is composed of the minimum and maximum CWS and the length of defer period is introduced for each DL LBT priority class. If multiple DL LBT priority classes are supported and 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, we consider three methods as follows:
· Method 1: If CWS adjustment is triggered for any of LBT priority class, it is commonly applied to all LBT priority classes.

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

· Method 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 methods, we consider Method 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 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 discussed CWS adjustment method if multiple LBT priority classes are supported. The suggestions of this contribution are summarized as follows.
Suggestion 1: Reference subframe set can be defined as one of following alternatives.

· 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
Suggestion 2: CWS is reset if there has been no DL transmission on a cell during a time period T (e.g., in the order of 50 ms).

Suggestion 3: Following rules should be identified to handle HARQ-ACK DTX.
· If eNB receives HARQ-ACK response such as “NACK/DTX” coupled feedback or “any” state, eNB considers it as NACK.

· If eNB receives HARQ-ACK DTX, eNB considers HARQ-ACK DTX as NACK for a UE that is configured with self-carrier scheduling and neglects HARQ-ACK DTX for a UE that is configured with cross-carrier scheduling.

· Note: HARQ-ACK DTX means explicit DTX response or implies that eNB does not detect any HARQ-ACK response corresponding to a PDSCH transmitted in the LAA SCell.

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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