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1 Introduction
Rel-13 LAA (licensed assisted access) is targeted to support a unified global solution which enables LTE system to use unlicensed spectrum with assistance from licensed carrier. Moreover, LAA design should guarantee the fair coexistence with other technologies over unlicensed spectrum and satisfy the different regulatory requirements in different countries and regions. As stated in LAA SI, TR36.889, a Listen-Before-Talk (LBT) procedure is vital for fair and friendly coexistence of LAA with other operators and technologies operating in unlicensed spectrum. It is recommended that a category 4-based LBT procedure with variable contention window size is the baseline for LAA DL transmission bursts containing PDSCH. One remaining issue of LBT Category 4 is the adaptive adjustment of contention window size.
In RAN1#82 meeting, regarding the contention window size adjustment for LBT Category 4, below agreements are reached:

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
After RAN1#82 meeting, the e-mail discussion on contention window adjustment based on HARQ-ACK feedback is summarized in R1-154959 as below:
For CWS adjustment based on HARQ-ACKs, the considered set of HARQ-ACK feedback values is defined as the following: 

· HARQ-ACK values candidate set: The set of HARQ-ACK feedback values considered for adapting the contention window size correspond to the HARQ-ACKs that are decoded and available at the time when the contention window size (CWS) is determined.

The following options are considered for adapting the CWS based on the set of considered HARQ-ACK feedback values: 

· Option 1: The CWS is increased if all of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) are NACK. Otherwise, the CWS is reset to the minimum value.

· Option 2: The CWS in increased if at least one of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) is NACK. Otherwise, the CWS is reset to the minimum value.

· Option 3: The CWS is increased if at least Z% of the HARQ-ACK feedback values within a predefined window are NACK. Otherwise, the CWS is reset to the minimum value.

· FFS on timing and size of the window

In addition, the CWS is reset to the minimum value if at least one of the following conditions are met:

· Alt 1: if the maximum CWS is used for K consecutive eCCA  for transmission e.g. K=1 or2 or 3. FFS on K 

· Alt 2: if there has been no DL transmission by the eNB for a duration  of at least T . FFS on T.

FFS on other alternatives
In addition, the e-mail discussion on contention window adjustment based on eNB sensing is summarized in [3] as below:
For LBT Category 4, contention window size (CWS) adaptation is based on observation of busy and idle slots at the eNB in an observation window. The following options are considered for adapting the CWS
–      Option 1: Metric = Number of busy periods
–      Option 2: Metric = Number of busy slots

•       Adaptation rule
–      If the metric is larger than a threshold, then increase the CW size
–      If the metric is smaller than a threshold, then reduce (or reset) the CW size
–      Threshold
•       Threshold  can be predefined value or derived from current CWS value or properties of the observation window 
•       Observation window
–      Option A: The time between two DL PDSCH transmissions 
–      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

–       Note: for both options, the observation window may exclude the time period that the eNB voluntarily freezes the counter during the ECCA procedure or when the eNB is not sensing the channel.

•       There may be other conditions under which CW size is reset to minimum (e.g. buffer is flushed etc.)
Regarding the contention window size adjustment, further agreements are made in RAN1#82bis meeting:

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 this contribution, we focus on the contention window size adjustment and present our views on detailed schemes.

2 Contention window size adjustment for LBT Cat.4
Regarding the contention window size adjustment, theoretically, the concrete size can be updated after the completion of each downlink transmission burst. In principle, contention window size for LBT Cat.4 channel access scheme in unlicensed carrier should be increased in case of high load in order to avoid the channel collision or decreased in case of low load in order to improve spectrum efficiency. For each adaptive adjustment, LAA eNB should ensure that all the equipments obtain a fair share of unlicensed spectrum access opportunities for itself and for all the scheduled UEs. In the meantime, eNB also needs to guarantee the adjustment of contention window size can maximize the overall unlicensed spectrum utilization efficiency and minimize the probability of transmission collision.
Alternative 1: Contention window adjustment based on eNB sensing

Considering different interference situations in eNB and UEs, eNB sensing-based adaptation mechanism for contention window adjustment (e.g. as illustrated by R1-154975 above) has the problem of hidden node. One example is shown in Figure 1. LAA eNB transmits downlink data to its served UE1. Another node, which can be a Wi-Fi AP, is located nearby to UE1, but its transmission cannot be sensed by LAA eNB. In this case, for DL PDSCH transmission to UE1, the contention window size should be increased in order to avoid possible collision with Wi-Fi transmission. However, given that the LAA eNB cannot detect the presence of the WiFi AP based on the CCA energy detection or preamble detection due to coupling loss between the LAA eNB and the WiFi AP, LAA eNB may decrease its contention window size for fast channel access assuming it adopts eNB sensing-based contention window adjustment. Consequently, transmission collision between the LAA eNB and the WiFi AP may happen.
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Figure 1: Hidden node problem for DL transmission

Alternative 2: Contention window adjustment based on UE HARQ-ACK feedback
In this alternative, the contention window size is adjusted based on HARQ ACK/NACK feedback from UE, as illustrated by R1-154959 above. A similar yet simpler mechanism is used in Wi-Fi: if ACK is not received after a frame from STA, Wi-Fi AP regards collision happened and doubles the contention window; otherwise, Wi-Fi AP resets the contention window size to the minimum value. It is noted that in WiFi, a transmission burst is only for a single UE or STA. On the other hand, for LAA, it is possible that a transmission burst may include data transmitted to more than one UE. Therefore, this ACK/NACK based triggering mechanism has some drawbacks for LAA, especially in the case that eNB schedules multiple UEs in one DL transmission burst or even schedules multiple UEs in one single subframe. ACK/NACK corresponding to each UE’s DL data in each DL subframe will be reported to eNB. All options in R1-194959 adapt the contention window size based on the HARQ-ACK from all scheduled UEs collectively, which cannot reflect the UE-specific interference situations to properly adjust the contention window size. One example is shown in Figure 2. UE1 suffers the interference from the hidden node of Wi-Fi AP, while UE2 has no hidden node problem. Therefore, serving UE1 and UE2 would require different contention window size for optimal performance. 
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Figure 2: different interference situations for different UEs

Based on above analysis, we have below proposal:

Proposal 1: For LBT operation for PDSCH, the contention window size is adjusted based on HARQ ACK/NACK feedback.
3 Details of contention window adjustment based on UE HARQ-ACK feedback
As mentioned above, for the adjustment based on HARQ-ACK feedback, the contention window size is increased if at least Z% of the HARQ-ACK feedback values for a reference subframe set are NACK; otherwise, the contention window size is reset to the minimum value. Therefore, it is important to firstly determine the reference subframe set then consider the values of Z. There are three alternatives to compose of the reference subframe set
· 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
We can see that the reference subframe set for either Alt.1 or Alt.2 includes only one subframe. If the contention window size adjustment is dependent only on one subframe, it cannot reflect the interference variation of other subframes or other UEs that weren’t scheduled in that single reference subframe. For example in Figure 3, in the latest DL burst, only one UE is scheduled in the first subframe or the last subframe, which is included in the reference subframe set for Alt.2 or Alt.1. Therefore, the HARQ-ACK corresponding to this single subframe will directly determine the adjustment of contention window of LBT Cat.4, i.e., increased in case of NACK or reset to minimum value in case of ACK, which totally neglects the interference variation of UEs scheduled in other subframes in the latest burst and even the interference variation of this UE in other non-reference subframes. Considering the contention window size adjustment is cell specific issue, either Alt.1 or Alt.2 is not appropriate for LAA. One may argue that WiFi has adopted Alt.1 and suggest using Alt.1 for LAA to align the mechanism with WiFi. However, LAA adopts different scheduling mechanism to WiFi and supports multi-user multiplexed in same subframe. Especially, Alt.3 can also provide fair share of the unlicensed spectrum with WiFi. Therefore, a window-based reference subframe set is more appropriate for contention window size adjustment for LAA.
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Figure 3: one example for multiple UE scheduling in a DL burst

Additionally, for DL burst transmission with LBE mechanism, the first subframe or the last subframe or both may be partial subframes. RAN1 has not decided how to use the partial subframes for data transmission and corresponding HARQ-ACK feedback. Assuming the last subframe of one DL burst is a partial subframe with a few symbols for data transmission, it is skeptical to determine the contention window size just based on the ACK/NACK of this partial subframe. Similar issue happens when the first subframe is a partial subframe.
Based on above analysis, we have below proposal:

Proposal 2: For reference subframe set, Alt. 3, all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available, is preferred.
For Alt.3, according to the definition of HARQ-ACK reference subframe set, collecting the elements of HARQ-ACK corresponding to the subframes included in the set can be seen as the first step for the serving eNB to adjust the contention window size. Based on this, the second step is to determine the adjustment of contention window size depending on whether the ratio of NACK is larger than Z%. It is noted that one FFS issue is how to handle HARQ-DTX status since DTX usually shares the same state as NACK from UE feedback. The DTX can be differentiated from NACK by serving eNB in the first step because eNB knows whether it has scheduled the DL transmission for one UE in a certain DL subframe. DTX status should not be included in the HARQ-ACK set for contention window adjustment. Therefore, eNB needs to exclude the “fake” NACK after it is regarded as DTX. 
Based on above analysis, we have below proposal:

Proposal 3: HARQ-ACK DTX can be differentiated by eNB and should be excluded in the HARQ-ACK set when eNB calculates the ratio of NACK.
Considering LAA DL transmission can transmit data to multiple UEs in one burst or even in one subframe, ACK/NACK corresponding to each UE’s DL data in each DL subframe will be reported to eNB. If all the ACK/NACK bits reported from UEs scheduled in the latest burst are included in the HARQ-ACK candidate set, it cannot reflect the UE-specific interference situations and the eNB may not properly adjust the contention window size. More precisely, some UEs may suffer the interference from hidden node problem and others may not. In order to better utilize the unlicensed spectrum, eNB needs to have the ability to identify the presence of hidden node problem for each served individual UE. One option for eNB to derive the presence of hidden node problem for a specific UE is based on the percentage of NACK in the HARQ-ACK feedback reported from the UE. In this sense, eNB can avoid to schedule the UEs identified with hidden node problem with other UEs without hidden node problem in same DL burst so as to flexibly adjust contention window sizes for different UE groups. The detailed steps are listed below: 
Step 1: eNB needs to identify the hidden node problem for each served UE
· Assume the UE is scheduled with DL transmission in M subframes in the latest transmission burst and provides M HARQ-ACK feedback corresponding to the PDSCH scheduled in these M subframes. In this case, the eNB can identify the presence of hidden node problem for the UE if the percentage of NACKs in the M HARQ-ACK feedback from the UE is above a predefined threshold Y%; and identify there is no hidden node problem for the UE otherwise. Here, the NACK is the “real” NACK and DTX is excluded by eNB. 
Step 2: After the identification of the presence of hidden node problem for each scheduled UE, there are two options for eNB to adjust the contention window size based on UE-specific interference situation.
· Option 1: eNB can increase the contention window size if hidden node problem is identified for more than a certain percentage of UEs, and resets the contention window size to the minimum value otherwise. 
· Option 2: eNB can adjust the contention window size depending on which set of UE(s) to be scheduled in the next transmission burst. eNB can increase the contention window size if it intends to schedule UEs with hidden node problem identified in the next transmission burst or reset the contention window size to the minimum value if it intends to only schedule UEs without hidden node problem identified in the next transmission burst.

In this way, eNB can flexibly adjust the contention window size with the consideration of UE-specific interference situation so that the unlicensed spectrum utilization efficiency can be further improved.
Based on above analysis, we have below proposal:

Proposal 4: eNB shall identify the presence of hidden node problem for each individual UE based on UE HARQ-ACK feedback and adjust the contention window size based on either:

· Option 1: according to the certain percentage of UEs with hidden node problem identified among all the UEs scheduled in the latest transmission burst; or
· Option 2: according to whether the eNB intends to schedule a UE with hidden node problem identified in the next transmission burst.
4 Conclusions
In this contribution, we focus on the remaining issues of contention window size adjustment for LBT Category 4 for PDSCH transmission and present our views on detailed schemes.
Based on our analysis, we have below proposals:
Proposal 1: For LBT operation for PDSCH, the contention window size is adjusted based on HARQ ACK/NACK feedback.
Proposal 2: For reference subframe set, Alt. 3, all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available, is preferred.
Proposal 3: HARQ-ACK DTX can be differentiated by eNB and should be excluded in the HARQ-ACK set when eNB calculates the ratio of NACK.
Proposal 4: LAA eNB shall identify the presence of hidden node problem for each individual UE based on UE HARQ-ACK feedback and adjust the contention window size based on either:

· Option 1: according to the certain percentage of UEs with hidden node problem identified among all the UEs scheduled in the latest transmission burst; or
· Option 2: according to whether the eNB intends to schedule a UE with hidden node problem identified in the next transmission burst.
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