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1. Introduction

At the RAN1#82 meeting, mechanisms of contention window size (CWS) adjustment for LBT category 4 for PDSCH were extensively discussed and following agreements were achieved [1]. 
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
Further agreements on more details and alternatives of HARQ ACK/NACK based approach and eNB sensing based approach are achieved in the email discussion.

Agreements:

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
Agreements:

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.)
In this contribution, we would analyse both advantages and disadvantages of each option, and then provide corresponding evaluation results for comparison and down selection. 
2. CWS adjustment for Cat.4 LBT for PDSCH 
LBT category 4 applies dynamic/variable back-off to reduce the probability of collision in unlicensed carrier. Smaller CWS can reduce the waiting time for channel access, but it may cause the higher probability of the collision between transmissions of different nodes especially in high traffic scenario. On the other hand, larger CWS can reduce the collision probability, but it might be inefficient due to relatively long waiting time even in low traffic scenario. In this section, we provide our analysis on these two options. 

2.1. HARQ ACK/NACK-based or eNB sensing-based triggering
In the section, we provide technical discussion on both HARQ ACK/NACK based approach and eNB sensing based approaches for CWS adjustment for Cat.4 LBT for burst containing PDSCH. The advantage and disadvantage of each option are listed in Table I.  

For HARQ ACK/NACK based approach, eNBs utilize the ACK/NACK feedback report from UE to adjust the CWS, which is similar to Wi-Fi. For DL LAA, LBT is performed at eNB side, then how to avoid the hidden node problem and reduce the collision at UE side is one possible design targets. While ACK/NACK reports reflecting the interference condition at UE side. CWS adjustment upon this could probably help to distribute transmission opportunities into different time points. Basically, as similar setting as Wi-Fi already agreed on some LBT parameters such as CCA duration and defer period, aligned design would help to achieve fair co-existence in Wi-Fi-LAA co-existence scenario. 
On the other hand, some disadvantages should be considered on the design of HARQ ACK/NACK based approach. One of the disadvantages is HARQ delay. Current FDD LTE assumes 4ms delay between data transmission and corresponding ACK/NACK feedback. If considering LAA PDSCH burst length of 4 or 10ms, the ACK/NACK report from UE will impact the CWS value and corresponding LBT procedure for burst after next burst relative to the burst the ACK/NACK dedicated to. Secondly, number of ACK/NACK feedback corresponding to the transmission of a subframe or all subframes of a burst, depends on the number of UE multiplexed in either FDM or SDM manner. The designed metric of Option 3 in the email discussion, which considers percentage of NACK over an observed HARQ could help to overcome this disadvantage. Thirdly, many companies pointed out that NACK feedback of unsuccessful transmission, which would be caused by both link failure and hidden node problem, is not an accurate metric for CWS adjustment. For link failure, setting large target error ratio of link failure will leads large ratio of NACK. Then a suitable threshold of Option 3, e.g. equal to target link failure ratio, could help to get rid of the impact of link failure to achieve hidden node orientated CWS adjustment. More specifically, in the case of NACK ratio larger than the threshold (the threshold equals to target link failure ratio), which means hidden node problem increase the NACK probability, CWS should be doubled. For the case of NACK ratio equal or smaller than the threshold, which means no hidden node problem; CWS should be reset or reduced.   
For eNB sensing based approach, although prompt sensing results could be obtained to adjust CWS for LBT procedure of transmission of next burst, several demerits should be carefully investigated. Firstly, ACK/NACK information, which probably reflecting the collision situation at UE side, is not utilized for CWS adjustment in this approach. Secondly, according to current metrics showed in email discussion, both metric of number of busy slot and number of busy period is largely depending on the CWS selected and traffic load. In larger value of CWS, the observed number of busy slot or busy period is relative larger than that observed in smaller value of CWS. Apart from this, in high traffic load scenario, the observed number of busy slot/period is relative larger than that observed in small traffic load scenario.  It means possible difficulty of setting appropriate triggering threshold value for this approach.
Table I Pros and Cons of CWS adjustment mechanisms
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2.2. Detailed design on HARQ ACK based CWS adjustment  
As we discussed in section 2.1, although HARQ ACK/NACK based approach has some demerits, some of the demerits could be relieved via carefully designing.   

Figure 1 shows the formulation of the CWS adaptation based on NACK reporting, in which whether NACK report for CWS adjustment will follow a semi-static or dynamic approach should be carefully considered. For dynamic CWS adaptation, eNB could check the number of NACK reports every burst (M=1). If the number of NACK reporting is larger than a threshold, i.e. N, CWS is doubled; otherwise, CWS is reset to the minimum value configured, i.e. X. For semi-static CWS adaptation, eNB could check the number of NACK reports every M bursts (M>1). Since there are multiple ACK/NACK reports across the multiple DL bursts, CWS adaptation based on either number of NACKs from last subframe of the last bursts or number of NACKs from all subframes of the last bursts may be different for collision avoidance.      
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Figure 1. CWS adaptation based on NACK reporting
3. Evaluation results  
We performed system level evaluations to compare the co-existence performance regarding different designs of CWS adjustment based on both HARQ ACK/NACK reporting and eNB sensing. Evaluation scenario and some key parameters are listed as follow. Detailed evaluation assumption is described in Appendix.   

· Scenario and key assumptions 

· Outdoor deployment scenario with one unlicensed carrier 

· Minimum and maximum CWS of {16, 1024} for both Wi-Fi and LAA 

· CCA ED threshold of -82dBm for LAA 

· DL only traffic for aggressor operator and both DL and UL traffic (5:5) for victim operator 

The evaluated CWS adjustment schemes are listed as follow. 
· Co-existence scenario and CWS adjustment schemes 

· Case 0: Wi-Fi-Wi-Fi 
· Case 1: Wi-Fi-LAA, HARQ ACK/NACK based CWS adjustment for LAA 
· Option 2 of HARQ ACK/NACK based adjustment approach: The CWS is doubled if at least one of the considered HARQ-ACK feedback values corresponding to latest DL subframe is NACK. Otherwise, the CWS is reset to the minimum value.

· Case 1-1: CWS adjustment every 4 burst 
· Case 1-2: CWS adjustment every 1 burst  

· Case 2: Wi-Fi-LAA, eNB sensing based CWS adjustment for LAA 

· Option 2 of eNB sensing based adjustment approach: Checking busy slots ratio between two DL burst. The CWS will be doubled if the ratio is equal or larger than the threshold. Otherwise, the CWS is reset to the minimum value.  

· Case 2-1: Threshold of 0.5 (T=0.5) 
· Case 2-2: Threshold of 0.8 (T=0.8)   
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Figure 2. DL average UPT in low/mid/high traffic load 
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Figure 3. UL average UPT in low/mid/high traffic load
Figure 2-3 shows the Wi-Fi and LAA performance in both Wi-Fi-Wi-Fi co-existence scenario and Wi-Fi-LAA co-existence scenario with different CWS adaptation schemes. The BO of baseline is 16%, 55% and 75% in traffic load of 0.5, 1.0 and 1.5. Based on the comparison among evaluated schemes, we have several observations. First, with HARQ ACK/NACK based CWS adjustment approach, LAA could well ensure the performance of victim Wi-Fi and achieve high data rate itself in all traffic loads. Secondly, LAA with eNB sensing based CWS adjustment approach could not protect neighbour Wi-Fi transmission in low and high traffic load. In mid load, LAA could well co-existed with neighbour Wi-Fi and ensure comparable data rate itself. Hence, it is found that eNB sensing based CWS adjustment approach is sensitive to traffic load variation. Its threshold should have different optimal value within different traffic load.       
Observation 1: LAA with HARQ-ACK/NACK based CWS adjustment could well co-existed with neighbouring Wi-Fi. 

Observation 2: LAA with eNB sensing based CWS adjustment approach could not protect Wi-Fi transmission in some cases, e.g. low and high traffic load scenario unless different optimal threshold is applied to different traffic load cases.  
Regarding the detailed options on HARQ ACK/NACK based CWS adjustment, we found that both option 2 and 3 can achieve fair coexistence with Wi-Fi and good coexistence performance. Option 3 is a superset of Option 2. Hence, we made the following proposal. 

Proposal 1: CWS adaptation for Cat.4 LBT of LAA should be based on the ACK/NACK report from UEs. Option 3 should be considered.
4. Conclusion 

In this contribution, we have discussed on CWS adaptation mechanism for Cat.4 LBT for burst containing PDSCH. We made the following observations and proposals. 

Observation 1: LAA with HARQ-ACK/NACK based CWS adjustment could well co-existed with neighbouring Wi-Fi. 

Observation 2: LAA with eNB sensing based CWS adjustment approach could not protect Wi-Fi transmission in some cases, e.g. low and high traffic load scenario unless different optimal threshold is applied to different traffic load cases.  

Proposal 1: CWS adaptation for Cat.4 LBT of LAA should be based on the ACK/NACK report from UEs. Option 3 should be considered.
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Appendix 

Table AI: Simulation Parameters

[image: image5.emf]Basic parameters Value

Bandwidth

20MHz in unlicensed band for Wi-Fi STA and LAA

UE, w/o 10MHz in licensed band for LAA UE

Carrier number (Y) 1

AP/small cell number per operator 4

UE number per operator 10

DL Tx Power 18 dBm

SC/AP dropping Random and uniform within 50 m cluster radius

Mini. dist. b/w SC/AP 20 m of same operator, 10 m of different operator

UE/STA dropping Random and uniform within 20ms from each SC/AP

Cell selection Best RSRP-based larger than -82dBm

Antenna configuration 2Tx2Rx CPA

MIMO Up to 2 streams

UE/STA receiver MMSE-IRC

Traffic model FTP model 3 with packet size of 0.5 Mbytes

Simulation step 8 us

LAA parameters Value

Link adaptation Close loop by CQI, PMI, RI feedback

HARQ Chase combine

MCS QSPK/16QAM/64QAM

CCA threshold (all) -82dBm

Scheduler Proportional fairness

Wi-Fi parameters Value

MCS 802.11ac MCS table without 256QAM

Channel coding BCC

DIFS 32 us

RTS/CTS N/A

Contention window 15~1023

Max burst length 4 ms

Frame aggregation A-MPDU

MPDU 1.5 K Byte size

Link adaptation Open loop using ACK

CCA-CS (Wi-Fi ) -82 dBm

CCA-ED (all) -62 dBm

Scheduler Round-robin
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