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1 Introduction

The WI “Licensed-Assisted Access to Unlicensed Spectrum” was approved in last RAN plenary meeting [1]. During the discussion in SI, it was a key issue for LAA to achieve fair coexistence between Wi-Fi and LAA as well as fair coexistence between different LAA systems, so LBT Category 4 was recommended for LAA DL transmission. In the RAN1 meeting #81, it was agreed:

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

This contribution will discuss the triggering mechanisms of contention window size adaptation for LAA adopting an LBT category 4.
2 Contention window size (CWS) adaptation
For triggering an increase of the size of the contention window for LAA, there are two options:

Option 1: based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
In Wi-Fi system, every time an unsuccessful attempt of transmission happens, e.g., not receiving an expected ACK response, it means there is a possible collision with another transmission. In this case, the AP shall double the size of the contention window. On the other hand, once the AP receives an immediate ACK response, it indicates there is no concurrent transmission on the same channel and the AP may reset the CWS to an initial value.

Similar to Wi-Fi, the reported short-term information of UE in LTE could be used to estimate a possible collision with another transmission. The reported short-term information includes ACK/NACK response and CQI/PMI/RI feedback, so several methods based on such information may be adopted by an LAA eNB to adjust the CWS. Note that LTE system may schedule multiple users within the same TTI or transmission burst, so how to handle multiple ACK/NACK responses and multiple CQI/PMI/RI feedbacks from a single transmission burst shall be considered.
· Option 1A: CWS adaptation based on ACK/NACK
Receive ACK/NACK responses from UEs; count the number of NACK, or calculate the ratio of NACK to total ACK/NACK to get an evaluation metric; if the metric is larger than a predefined threshold, double the CWS.
· Option 1B: CWS adaptation based on CQI
Receive CQI feedbacks from UEs, CQI which is lower than a predefined value is called poor CQI; count the number of poor CQI or calculate the ratio of poor CQI to total CQI to get an evaluation metric; if the metric is larger than a predefined threshold, double the CWS.
Some specific issues should be considered for CWS adaptation based on UE feedback/report. In LTE, there is at least 4ms delay for ACK/NACK and CSI feedback, which means the reported short-term information does not reflect the instantaneous channel traffic environment. The ACK/NACKs in part of the last DL transmission burst may be averaged to estimate a long-term traffic load. Also, the target BLER of first transmission in LTE is 0.1, so the predefined NACK ratio threshold to trigger an increase of CWS should be larger than 0.1. One issue to be studied is the scalability of this type of solutions to varying traffic loads and scheduling strategies, i.e. depending on the number of scheduled users and the number of scheduled subframes within an averaging window.
Option 2: based on eNB’s assessment (e.g. channel sensing based adjustment)
An LAA eNB could also trigger the CWS adaptation based on its own sensing of channel condition. For example, the triggering mechanism could be determined by simply counting the busy slots over an observation window which aims to estimate the probability of collision with other transmissions during a certain interval. 

Examples of possible methods of LAA CWS based on eNB sensing are:
· Option 2A: dynamically estimate the channel traffic load during an observation window and set the CWS according to a look-up table
· Predefine a fixed table of CWS vs. load in the channel. For building the look-up table, the load could be estimated by the ratio of busy slots to the total number of observed slots averaged over many observation windows by offline computations/measurements.
· This could be based on 3GPP evaluations to find the minimum CWS size that guarantees fairness to Wi-Fi in a range of scenarios for each traffic load point.
· Otherwise one could define a linear or non-linear mapping between [CWmin, CWmax] and [0 1].

· In normal operation, the eNB estimates the load in a predefined observation window before the next ECCA procedure and adapts the CWS according to the estimated load.
· For example, the traffic load could be estimated by the ratio of busy slots to the total number of observed slots in the observation window.
· The observation window could be the total number of slots observed from the time the random ECCA counter is drawn to the time the counter reaches 0.
· Option 2B: dynamically estimate the channel traffic load variation during an observation window and adapt the CWS by comparing the estimated variation to a threshold
· Count the number of busy slots within the nth observation window and calculate the ratio ρn of busy slots to the total number of observed slots.
· The observation window could be the total number of slots observed from the time the random ECCA counter is drawn to the time the counter reaches 0.
· Adjust the CWS after each ECCA procedure according to the variation of ρ, e.g. based on Δρ=(ρn-ρn-1)/ρn
· E.g. double the CWS if Δρ exceeds a positive threshold value, and halve the CWS if Δρ is under a negative threshold value, otherwise keep the CWS unchanged.
To illustrate method 2A, Table 1 gives an example of the fixed contention window size mapping table which was optimized for each value of the FTP traffic model parameter λ. Here we only give the optimal CWS for typical low, medium, and high load scenarios. The corresponding simulation results for obtaining Table 1 can be found in Table 2 - Table 5 in the Appendix. Table 2 gives the long-term averaged ratios values of busy slot during LBT procedure for each lambda, these averaged values plus a margin of +/-0.5 are used in Table 1 to fit the channel fluctuations. Table 3 - Table 5 give the outage performance of Wi-Fi VoIP for Wi-Fi coexistence with Wi-Fi and for Wi-Fi coexistence with LAA with different fixed CWS. The values marked in green indicate the minimum CWS of LAA to guarantee fair coexistence with Wi-Fi at each traffic load. 
Table 1 – Contention Window Size (CWS) adaptation vs. load in the channel

	Traffic load (λ)
	0.4
	0.6
	0.7

	Ratio of busy slots
	[0.27, 0.37]
	[0.45,0.62]
	[0.62,0.72]

	Optimal LAA CWS (slots)
	16
	128
	256


Before the ECCA procedure, the eNB shall sense the channel within an observation window to estimate the channel traffic load. Assume the observation window utilized for traffic load estimation is a randomly selected value, e.g., 64 CCA slots, the eNB shall perform CCA energy check for each CCA slot and count the number of busy slots within the 64 CCA slots, and then it shall calculate the ratio of busy slots to total slots. Assume the calculated ratio is 0.6, then the LAA eNB shall set the CWS to 128 according to the predefined Table 1, then the random factor N generated for the ECCA procedure shall be randomly selected in the range of 1 to 128. Note that the observation window for traffic load estimation could be a predefined window before the ECCA procedure or a sliding time window for last ECCA procedure.
Coexistence evaluations under 3GPP assumptions for examples of the above two options (For option 1A, ACK/NACK responses in the last DL transmission burst are considered. For option 2A, Table 1 is used as the optimal CWS table for each traffic load point) are provided in our companion contribution [2]. According to the evaluation results, it is observed that both of the options can provide a fair coexistence between Wi-Fi and LAA. 
Option 2B is an alternative to option 2A that does not rely on defining a look-up table, since one drawback of building a look-up table is that one needs to make certain assumptions on the evaluation scenarios, or in practice an LAA eNB will not have access to the performance of neighbour Wi-Fi. Option 2A could offer more robustness to a wider range of scenarios. 

It is also possible to combine approaches of option 1 and option 2, for example relying on ACK/NACK feedback to reset the CWS, while relying on eNB sensing for increasing the CWS size. In this case, the CWS could be reset only if the eNB receives no NACK corresponding to the latest DL transmission burst. 

Therefore, we have the following proposal:
Proposal: Contention window size adaptation can be triggered either by ACK/NACK report of UE or by eNB’s channel sensing, or a combination of UE reports and eNB channel sensing.
3 Conclusion
In this contribution, the triggering mechanisms of CWS adaptation based on UE’s feedback/report or eNB’s sensing for LAA adopting an LBT category 4 are discussed. The following is proposed:
Proposal: Contention window size adaptation can be triggered either by ACK/NACK report of UE or by eNB’s channel sensing, or a combination of UE reports and eNB channel sensing.
References

[1] RP-151045, “New Work Item on Licensed-Assisted Access to Unlicensed Spectrum”, Ericsson, Huawei, Qualcomm, Alcatel-Lucent. 
[2] R1-153780, “LBT procedure and parameters for PDSCH transmission in LAA carriers”, Huawei, HiSilicon.

Appendix
Table 2 gives the long-term averaged ratios values of busy slot during LBT procedure for each lambda, Table 3 - Table 5 give the outage performance of Wi-Fi VoIP for Wi-Fi by Wi-Fi and Wi-Fi by LAA with different fixed CWS cases for each lambda.
Table 2 – Contention Window Size (CWS) adaptation vs. load in the channel

	Traffic load (lambda)
	0.4
	0.6
	0.7

	Ratio of busy slots
	0.32
	0.57
	0.67


Table 3 – Outage of Wi-Fi VoIP at low load scenario (lambda = 0.4)
	
	Wi-Fi by Wi-Fi
	Wi-Fi by LAA CWS 16
	Wi-Fi by LAA CWS 128
	Wi-Fi by LAA CWS 256

	Total
	0.24
	0.13
	0.08
	0.11

	DL
	0.24
	0.13
	0.08
	0.11

	UL
	0.02
	0.02
	0.00
	0.02


Table 4 – Outage of Wi-Fi VoIP at medium load scenario (lambda = 0.6)

	
	Wi-Fi by Wi-Fi
	Wi-Fi by LAA CWS 16
	Wi-Fi by LAA CWS 128
	Wi-Fi by LAA CWS 256

	Total
	0.71
	0.76
	0.68
	0.47

	DL
	0.68
	0.71
	0.63
	0.42

	UL
	0.22
	0.26
	0.21
	0.18


Table 5 – Outage of Wi-Fi VoIP at high load scenario (lambda = 0.7)

	
	Wi-Fi by Wi-Fi
	Wi-Fi by LAA CWS 16
	Wi-Fi by LAA CWS 128
	Wi-Fi by LAA CWS 256

	Total
	0.85
	0.84
	0.82
	0.78

	DL
	0.85
	0.81
	0.79
	0.76

	UL
	0.37
	0.45
	0.42
	0.36








