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1 Introduction

To ensure fairness with WIFI and good performance of LAA, the methods for contention window size adaptation for LBT Category 4 channel access scheme were discussed and the followings were agreed in recent RAN1 meetings [1]-[2]:
Agreements:
· For LBT Category 4 operation for PDSCH, following approaches for CWS (contention window size) adjustment should be captured in TR.

· Option 1: based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)

· Option 2: based on eNB’s assessment (e.g. sensing based adjustment)

· Note: combination of those options are not precluded.

· FFS for the detailed formulation of CWS adjustment
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 this contribution, we provide our views about CW size adjustment in support of LBT Category 4 for LAA DL transmission.
2 Discussion
To ensure the fair co-existence with WiFi, exponential backoff procedure similar to WIFI has been introduced in LBT cat.4. In WIFI system, if no ACK response frame is received, then the collision is detected and the contention window size for LBT should be doubled. However, the trigger mechanism for dynamic exponential contention window size adaptation for LBT category 4 in LAA should be studied. As discussed before, ACK/NACK feedback based and eNB sensing based contention window size adjustment mechanism have been considered and more details have been provided in [3]-[4]. 

In the following, we discuss the details of these two approaches for contention window size adaptation.
2.1 CW sizes adjustment based on ACK/NACK feedback
Similar to WIFI, feedback/report of UE(s) (e.g. HARQ ACK/NACK) is used to trigger the eNB contention window adjustment. As discussed in [3], the CW size is increased if at least Z% of the HARQ-ACK feedback values within a predefined window are NACK, otherwise the CW size is reset to the minimum value. 
However, for LAA, as the ACK/NAK can only be feedback 4ms later than the DL transmission, ACK/NAK feedback can not accurately indicate the instantaneous interference condition. In addition, there are multiple reasons that may lead to a NACK feedback from UE, including the inter-RAT interference (collision with WIFI transmission), intra-RAT interference (interference in LAA network), channel fading, MCS adaptation, etc. Therefore it is will be difficult for the LAA eNB to select a proper threshold for ACK/NACK based CW adaptation, especially when multi-user scheduling is considered. Note that multi-user scheduling is the major difference of LAA compared to WIFI. The 3rd issue with this option is that, eNB cannot distinguish the NACK and DTX feedback in most of the cases, according to current specification. 
One motivation to support ACK/NACK based method was that the UE feedback can potentially reflect the presence of hidden nodes. However, as discussed in [4], it is not clear how this method can bring meaningful benefit to the system. In addition, it is not clear how this methods can be utilized in case of multi-user scheduling,. If potential hidden node can be identified by NACK feedback from a particular UE, the eNB would decide to schedule another UE which does not suffer from hidden nodes, however, it is not reasonable for the eNB to start from a large contention window in the scheduling of the new UE. 
2.2 CW sizes adjustment based on eNB sensing 
For LBT category 4, an eNB based sensing scheme was discussed in [4], where contention window size adaptation is based on observation of busy and idle slots at the eNB in an observation window. This method is more straightforward compared to the ACK/NACK based method therefore is simpler for implementation. The main concern of the method is about the hidden node issue, however, as discussed above, this applies to also to the ACK/NACK based method. Therefore it seems no significant benefit can be observed for ACK/NACK based method compared to the eNB sensing based method. 
For eNB sensing based scheme, the metric used for CW adjustment as well as the channel observation window should be discussed further. Since the busy period is defined as the total time the channel is occupied between two idle CCA slots, it seems not proper to adopt the number of busy period as the metric for CW adjustment as it does not reflect the real channel occupancy. In one example, 10 busy periods distributed within the observation window with 9us duration of each can be observed. In another example, only 1 busy period which lasts 90us can be observed. In these two examples, the channel occupancy is similar on average but the decision on CW adjustment can be totally different if the metric “number of busy period” is used. Therefore we prefer to use the number of busy slots as the metric for CW adjustment. 
For the two options for the observation window, it is not clear how option A (i.e. The time between two DL PDSCH transmissions) behaves different from 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), since it is not likely for the eNB to monitor the channel before the backoff counter is drawn. 
3 Conclusion
In this contribution, we discuss CWS adjustment methods in support of LBT Category 4 for LAA DL transmission. We propose that eNB sensing based method should be adopted for CW adjustment for LAA.
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