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1. Introduction 
It was recommended that the Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH. In the Category 4 based LBT mechanism, the LAA contention window size (CWS) varies dynamically between CWmin and CWmax ECCA slots. In the last RAN WG1 Meeting #82bis, two CWS adaptation mechanisms have been discussed, namely 1) HARQ-ACK feedback-based approach and 2) eNB medium sensing-based approach. As an outcome of the meeting, a working assumption is made on the use of HARQ-ACK feedback-based CWS adaptation along with the following subsequent 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
The following remaining issues on the HARQ-ACK feedback-based CWS adaptation will be further discussed in this contribution: 
1. On the choice of the reference subframe set from which the HARQ-ACK statistics will be gathered.

2. On the choice of NACK percentage value, i.e., the Z % value, as a criterion for CWS adaptation.
3. To allow the CWS reset if there has been no DL transmission by the eNB for a duration of at least T.
4. On the handling of HARQ-ACK DTX
2. Further Discussion on the Remaining Issues
In this section, we tackle one by one the remaining issues on the HARQ-ACK feedback-based CWS adaptation based on the agreements summarized in Section 1. 

2.1. On the Choice of Reference Subframe Set
The discussion in this subsection is on the choice of the reference subframe set from which the HARQ-ACK feedback statistics will be gathered. In the last RAN WG1 Meeting #82bis, it was agreed to down select among the following alternatives:

· 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
Among the above three alternatives, Alt. 2 would be preferable. Technical justification will be established in the following.
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Figure 1. An illustration of LAA DL transmission burst and HARQ feedback timing (FDD case)
In Figure 1, an LAA DL transmission burst and its HARQ feedback timing are illustrated. The DL transmission burst in the figure consists of regular subframes with no partial ones for the ease of illustration. It is assumed that the HARQ feedback is sent through licensed carrier. One important consideration in the design of a CWS adaptation mechanism is to enable a prompt response to the dynamically varying neighboring contention situation and, thereby, the system can adaptively operate. From this perspective, the Alt. 2 is preferable since the HARQ feedback is available at the earliest instance. From Figure 1, the DL burst starts at subframe n and the HARQ feedback for the first subframe is transmitted at subframe n+4 and available at eNB after some processing delay. Thus, if a DL burst is sufficiently long, the HARQ feedback for the first subframe is likely to be available even before the end of the burst. If then, the CWS can be adjusted accordingly before starting the channel sensing for the next DL burst transmission. In the case of Alt. 1 and Alt. 3, the eNB receives HARQ feedback at subframe n+8 and can adjust CWS after some processing delay. Thus, timely CWS update may be difficult with Alt. 1 and Alt. 3. Furthermore, the HARQ feedback for the first subframe of each DL burst can most accurately reflect the collision due to the small CWS. Note that the HARQ feedback for other subframes than the first subframe can be relatively highly affected by collisions due to transmissions from hidden nodes.  
Observation: The HARQ feedback for the first subframe can be available even before the end of a DL burst and, thus, the CWS can be adjusted accordingly before starting the channel sensing for the next DL burst.   

Observation: The occurrence of collision can be best captured with the first subframe than other subframes in a DL burst.   
Based on the above observations, we draw the following proposal. 

Proposal: We propose to use the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available (Alt. 2) as the reference subframes from which the ACK/NACK statistics will be gathered.
2.2. NACK Percentage Value
From the agreement of RAN WG1 Meeting #82bis, the CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK and the Z % value will be selected from {10%, 50%, 75%, 100%}. The cause of the failed transmissions in unlicensed spectrum can be attributed by 1) the mismatch of link adaptation for the PDSCH transmission and 2) the occurrence of collision due to unexpected simultaneous transmissions. In principle, the goal of CWS adaptation would be to adjust the system according to the local congestion condition. However, the predicament lies on the fact that it is not easy to distinguish the cause of failed transmission. One possibility is to set the Z % to be greater than the target packet error rate (PER). Then, the NACK percentage greater than Z % can be an indication of the occurrence of collision. Thus, Z % greater than usual PDSCH target PER would be acceptable. 

On the other hand, for fair competition with WLAN in accessing the channel, it needs to be understood how WLAN CWS adaptation operates. The following text is captured from IEEE Std 802.11-2012 [1].

The CW shall be reset to aCWmin after every successful attempt to transmit a frame containing all or part of an MSDU or MMPDU, when SLRC reaches dot11LongRetryLimit, or when SSRC reaches dot11ShortRetryLimit. The SSRC shall be reset to 0 when a CTS frame is received in response to an RTS frame, when a BlockAck frame is received in response to a BlockAckReq frame, when an ACK frame is received in response to the transmission of a frame of length greater than dot11RTSThreshold containing all or part of an MSDU or MMPDU, or when a frame with a group address in the Address1 field is transmitted. The SLRC shall be reset to 0 when an ACK frame is received in response to transmission of a frame containing all or part of an MSDU or MMPDU of, or when a frame with a group address in the Address1 field is transmitted.
From the above underlined statement, it can be seen that if a BlockAck frame is received in response to a BlockAckReq frame, then the SSRC is reset to 0, which triggers the CW resetting to aCWmin. Note that this CWS resetting by WLAN has nothing to do with the contents of the BlockAck frame. Indeed, even if the BlockAck contains nothing but all NACK, still the CWS will be reset to the minimum value. 
Observation: When the block ACK scheme is used in WLAN, the CWS will be reset even if the feedback contains all NACK as long as the block ACK feedback is received.   

On the other hand, in our previous evaluation [2], it was observed that the scheme in which the CWS is doubled when the eNB received all NACK feedback for the first subframe of a DL burst showed comparable performance to other choices of Z % values and the reference subframe sets. We, thus, conclude that setting 100 % as the Z % value for LAA CWS adaptation should be acceptable.  
Based on the above observation and discussion, we draw the following proposal. 

Proposal: We propose that the Z %, the NACK percentage threshold for increasing/decreasing the CWS, is set to 100 %. 
2.3. Time Duration of Inactivity for CWS reset
The discussion is this section is about the FFS point on whether to allow the CWS reset if there has been no transmission by the eNB for a duration of at least T. We propose to remove this FFS due to the following reasons.
· If there has been no transmission by eNB for a duration of at least T due to the buffer emptiness, then the last transmission would most likely be the successful one unless the packets were declared undeliverable and, thus, dropped after many retransmission trails. If so, the CWS of the corresponding eNB would be already reset to the minimum value due to the successful transmission. Therefore, the occasion that this rule applies to reset the CWS would rarely happen.   
· If there has been no transmission by eNB for a duration of at least T due to the high congestion in the unlicensed channel use, then allowing the CWS reset would be not preferable as it only increases the chance of collision. 
· For DL Category 4 LBT priority class higher than class 3, the gap between the minimum and the maximum CWS is not significant. Therefore, whether to allow the CWS reset after T duration of inactivity would not make much difference in the performance. 

· Up to the best of our knowledge, there is no similar rule defined for WLAN.
Based on the above discussion, we draw the following proposal. 

Proposal: We propose to discard the FFS on “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.”

2.4. Handling the DTX
In the previous meeting, it was agreed that the CWS adaptation is based on the percentage of NACK feedback for a reference feedback set. Note, however, that the HARQ-ACK comprises of ACK, NACK and DTX and the handling of DTX is FFS. We first look at whether we can distinguish DTX from NACK or not. Depending on the used PUCCH format (PUCCH format 1a/1b, PUCCH format 1b with channel selection, PUCCH format 3, etc) and mechanisms defined in the context of carrier aggregation, DTX and NACK may or may not be distinguished. For instance, DTX can be distinguished from NACK with PUCCH format 1a/1b. Some states can distinguish them by using PUCCH format 1b with channel selection. The state of all ‘DTX’ can only be distinguished by using PUCCH format 3. The following provides further detailed discussions:
· When the PUCCH format 1b with channel selection is used,
· There are cases in which the DTX can be distinguished from NACK from the HARQ-ACK feedback as DTX and NACK have different expressions. For instance, with FDD mapping table for A=3 (2TBs for PCell and 1TB for LAA SCell), {NACK, NACK, NACK} and {NACK, NACK, DTX} is distinguishable. 
· There are cases in which the DTX cannot be distinguished from NACK from the HARQ-ACK feedback as DTX and NACK have the same expression. For instance, with FDD mapping table for A=4 (2TBs for PCell and 2TBs for LAA SCell), {ACK, ACK, NACK, NACK} and {ACK, ACK, DTX, DTX} are not distinguishable. 
· Similar observations can be made in TDD.
· DTX feedback may happen from a UE when the UE missed the PDCCH. For FDD, UE has no idea whether there was actual scheduling or not. For TDD, UE may recognize DTX from DAI values.
· The eNB can determine whether the DTX feedback is the one whether the DTX came from missing PDCCH or null.
· Thus, the feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
· When the PUCCH format 3 is used,

· DTX and NACK share the same bit (i.e. 0) except all DTX (no transmission). 

· Since DTX and NACK share the same expression, the bit ‘0’, DTX is not distinguishable from NACK from the feedback message itself except the case of all DTX for all CCs, where the UE do not transmit any feedback message. 
· Thus in most cases, eNB may not know the DTX states from UE except when no HARQ-ACK feedback is received.
· Thus, the feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
· When falling back to PUCCH format 1a/1b,
· The UE configured with CA may transmit PUCCH format 1a/1b when UE receives a single PDSCH on PCell for FDD. For TDD, the fall-back can be done with the additional condition with the reception of DAI=1.

· Since eNB knows the scheduling status, he can figure out DTX status on the LAA SCell. If eNB scheduled PDSCH on LAA SCell and received PUCCH format 1a/1b, eNB can knows the DTX on the LAA SCell.
· Thus, the feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
Observation: The distinguishability of DTX from the shared NACK/DTX state for a scheduled CC varies case by case.
Observation: The feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
Apart from the issue on the distinguishability of DTX from the shared NACK/DTX state, there remains an issue on whether to consider DTX as NACK or not.

· When self-scheduling is used, the PDCCH and PDSCH is transmitted in the same subframe over the same unlicensed carrier. Given that more robust modulation and coding is applied to PDCCH than PDSCH, the fact that a UE is unable to decode PDCCH is not different from the fact that the UE is unable to decode PDSCH in the perspective of collision happening. In other words, the DTX reflects the collision situation in the LAA SCell. Thus, it is preferable to handle DTX as NACK.    

· When cross-carrier scheduling is used, the PDCCH containing the scheduling information for the LAA SCell will be transmitted over the licensed PCell. In this case, missing the PDCCH for SCell should be considered different than the self-scheduled case because the PDCCH failure over the licensed PCell is nothing to do with the collision in the LAA SCell. Note, however, that the target PDCCH BLER is low enough (e.g. 1%). Thus, missing PDCCH over the licensed PCell will be a very rare event. Thus, we may neglect this case to reduce the operational complexity.

Note that the HARQ feedback in the specification is written from the perspective of UE who cannot distinguish whether there was no PDCCH for the LAA SCell or there was PDCCH but it was unable to decode it. However, we have seen that the serving eNB can distinguish these cases since it is the eNB who performed the scheduling. It is apparently not preferable to count DTX as NACK if there was no transmission from the beginning. 
Observation: When self-scheduling is used, it is preferable to count DTX as NACK. When cross-carrier scheduling is used, the DTX itself would a very rarely event. Thus, counting DTX as NACK has no harm. When no transmission is scheduled on a particular SCell, then it is not preferable to count DTX as NACK for the SCell.     
Based on the above discussion, we draw the following proposal.
Proposal: As a single and simple solution, we propose to count DTX as NACK for a scheduled TB including the implicit DTX in the case of falling back to PUCCH format 1a/1b. We propose not to count DTX as NACK for a non-scheduled TB.
3. Conclusions

In this contribution, we discussed the following remaining issues on the HARQ-ACK feedback-based CWS adaptation. 

1. On the choice of the reference subframe from which the ACK/NACK statistics will be gathered.

2. On the choice of NACK percentage value, i.e., the Z % value, for CWS adaptation.

3. To allow the CWS reset if there has been no DL transmission by the eNB for a duration of at least T.

4. On the handling of HARQ-ACK DTX

For the above issues, we draw the following observations and proposals.
Observation: The HARQ feedback for the first subframe can be available even before the end of a DL burst and, thus, the CWS can be adjusted accordingly before starting the channel sensing for the next DL burst.   

Observation: The occurrence of collision can be best captured with the first subframe than other subframes in a DL burst.   

Proposal: We propose to use the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available (Alt. 2) as the reference subframes from which the ACK/NACK statistics will be gathered.
Observation: When the block ACK scheme is used in WLAN, the CWS will be reset even if the feedback contains all NACK as long as the block ACK feedback is received.   

Proposal: We propose that the Z %, the NACK percentage threshold for increasing/decreasing the CWS, is set to 100 %.
Proposal: We propose to discard the FFS on “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.”

Observation: The distinguishability of DTX from the shared NACK/DTX state for a scheduled CC varies case by case. 
Observation: The feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
Observation: The feedbacked DTX for an LAA SCell is meaningful in the context of CWS adaptation only when eNB actually scheduled TB for the LAA SCell.
Observation: When self-scheduling is used, it is preferable to count DTX as NACK. When cross-carrier scheduling is used, the DTX itself would very rarely happen. Thus, counting DTX as NACK has no harm. When no transmission is scheduled on a particular SCell, then it is not preferable to count DTX as NACK for the SCell.     

Proposal: As a single and simple solution, we propose to count DTX as NACK for a scheduled TB including the implicit DTX in the case of falling back to PUCCH format 1a/1b. We propose to not count DTX as NACK for a non-scheduled TB.
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