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1	Introduction
In the email discussion after the RAN1#85 meeting, three alternatives were discussed for the contention window (CW) size adjustment:
· Alternative 1 is an eNB centric solution and eNB indicates the CW size to the UE according to the detection results of DMRS/SRS in the reference subframe. The UE follows the indication from the eNB to set its CW size. 
· Alternative 2 is more a UE centric solution. eNB indicates the index of the reference subframe which is the first subframe with at least one TB successfully received by the eNB and the UE decides to increase or reset the CW size according to if the UL transmission happens before or exactly in the reference subframe.  
· Alternative 3 is similar as Alternative 2 but without additional signalling. The UE marks down the HARQ process ID which is transmitted in the reference subframe and decides to increase or reset the CW size according to whether Nack or Ack is indicated in the next UL Grant message for this HARQ process. 
Note that the definitions of reference subframe for each alternative are different. More detailed descriptions can be found in the email discussion thread [85-5-6]. 
In this contribution, advantages and disadvantages for all three alternatives are discussed and a compromised alternative is proposed for way forward consideration. 
2	Discussion
2.1 Alternative 1
Detection performance of DMRS/SRS needs to balance the missed detection probability and the false alarm probability. When one is reduced, the other will be increased at the same time. In scheduled UL subframes with LBT failed, no transmission is allowed and the UL detection is affected by the received strong WiFi signal. To avoid a high false alarm probability, a higher detection threshold should be used which will increase the missed detection probability. And what is more, when a LAA terminal transmits at the same time as a WiFi terminal (collision happens), the WiFi interference signal could be much stronger than the LAA signal and the missed detection probability will be increased again. 
With a high missed detection probability, the eNB may not be able to adjust the CW in time once collision happens which will result in contiguous collisions and interference to both technologies. 
Observation 1: The missed detection probability of LAA UL Transmission could be much higher when LAA co-exists with WiFi. Depending on the missed detection probability, Alternative 1 may indicate an incorrect CW size to the UEs which will cause contiguous collisions and interference to both technologies. 
2.2 Alternative 2 
Since the decision of the CW size adjustment is made at the UE side, Alternative 2 does not have the problem of Alternative 1 however the CW size understanding could be different between the eNB and the UE. This problem normally occurs when collision happens but transmission is not detected by the eNB as in such case, the eNB may decide to reset the CW size or keep it unchanged while the UE’s decision is to increase the current CW size to the next higher level. Once the CW size misalignment happens, it will not be realigned until both the eNB and the UE decide to reset the CW size. 
The UE may need about 10ms to finish one LBT with the biggest CW size while it may only take 1 – 2 OFDM symbols when the CW size is reset to the minimum. Obviously it is very important for the eNB to know the correct CW size in order to leave the correct gap for the UE to finish its LBT. When the gap is too short, the UE cannot finish its LBT before the scheduled subframes which are then wasted without being used. When the gap is too long, part of the radio resources within the gap are wasted again. In summary, the CW size misalignment will cause the LAA UL radio resources to be inefficiently used.  
Observation 2: For Alternative 2, when the CW size misalignment happens, the eNB may not be able to leave a proper LBT gap before the scheduled subframes and the UL throughput could be reduced. 
2.3 Alternative 3 
Alternative 3 is similar as Alternative 2 in principle so it also has the drawback of the reduced UL throughput due to the misaligned CW size. Besides that, another drawback of Alternative 3 is that the CW adjustment could be delayed if the HARQ process in the reference subframe is not scheduled in the next following UL Grant message. For instance, when a collision happens on SF #n on which HARQ process #m is transmitted, the eNB has the flexibility to NOT schedule HARQ process #m in the next UL Grant message and the UE cannot update its CW sizes but only to keep it unchanged. 
Observation 3: Besides the drawback of Alternative 2, one additional drawback of Alternative 3 is that the CW adjustment could be delayed due to the flexibility of eNB scheduling and it may cause contiguous collisions and interference to both technologies. 
2.4 Possibility for a Compromised Alternative 
Drawbacks of three alternatives are discussed above but it is also worth to note that different alternatives have different advantages: 
· Alternative 1 – always aligned CW size;
· Alternative 2 – always correct CW size at the UE side;
· Alternative 3 – no additional signaling. 
A merged alternative from Alternative 1 and Alternative 2 is proposed to explore benefits from both alternatives and at the same time to avoid the drawbacks as much as possible. The merged alternative is given below in the same format as used in the previous discussion. 
· For the most recent UL transmission burst for which a Cat 4 LBT was expected to be used 
· Reference subframe R1 is the first scheduled subframe 
· Reference subframe R2 is the first detected subframe 
· Reference subframe R3 is the first subframe where the eNB successfully decodes at least one transport block from the UE.
· R1, R2 and R3 are expected to be at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted
· The CW size from Alternative 1 is indicated to the UE if 
· at least one of the TBs in R1 is successfully decoded (R1 = R2 = R3); or
· no TB is successfully decoded in R2 (R2 < R3 if it exists).  
· otherwise the index of R3 from Alternative 2 is indicated to the UE and the UE can adjust the CW in the same way as Alternative 2. 
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, 2… 8).
This merged alternative does not have the Alternative 1’s drawback of incorrect CW size and when missed detection happens, the Alternative 2 branch allows the UE to do the adjustment. The CW size misalignment, the drawback of Alternative 2, may still happen but the Alternative 1 branch can help to realign the CW more quickly (with more chances due to the condition R2 < R3 above). 
To support this merged alternative, one more bit needs to be added to differentiate which alternative (1 or 2) is used in the current UL Grant message. 
It is also possible to merge Alternative 3 in this merged alternative to save some signaling bits. Note that all three reference subframes defined above, R1/R2/R3, are given from the eNB point of view and the reference subframe defined in Alternative 3 is from the UE perspective. To further merge Alternative 3, any subframes from R1 to R2 (if it exists) could be used by the UE as the reference subframe. When all HARQ processes previously scheduled in subframes from R1 to R2 are to be scheduled again in the next UL Grant message, eNB can choose to NOT indicate any additional CW adjustment signaling and let the UE to decide the CW size according to the NDI of the scheduled HARQ process. It is illustrated in Figure 1 below. 
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[bookmark: _Ref458682786]Figure 1 A merged alternative
[bookmark: _GoBack]Proposal 1: It is proposed to use a merged alternative from Alternative 1 and Alternative 2 to support the CW adjustment. 
FFS: whether to further merge Alternative 3 in the merged alternative. 
3	Conclusion
The proposed three alternatives for CW adjustment are discussed and compared. Since this is the last meeting for the eLAA WI, it is proposed to agree on the compromised alternative by merging the existing Alternative 1 and Alternative 2. 
Observation 1: The missed detection probability of LAA UL Transmission could be much higher when LAA co-exists with WiFi. Depending on the missed detection probability, Alternative 1 may indicate an incorrect CW size to the UEs which will cause contiguous collisions and interference to both technologies. 
Observation 2: For Alternative 2, when the CW size misalignment happens, the eNB may not be able to leave a proper LBT gap before the scheduled subframes and the UL throughput could be reduced. 
Observation 3: Besides the drawback of Alternative 2, one additional drawback of Alternative 3 is that the CW adjustment could be delayed due to the flexibility of eNB scheduling and it may cause contiguous collisions and interference to both technologies. 
Proposal 1: It is proposed to use a merged alternative from Alternative 1 and Alternative 2 to support the CW adjustment. 
FFS: whether to further merge Alternative 3 in the merged alternative. 
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