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Substantial progress was made for the Study Item on Licensed-Assisted Access (LAA) in RAN1 WG #80bis [1] with the following working assumption on a Category 4 LBT framework that includes an LBT algorithm similar to the one used in Wi-Fi [2][3]:
Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots
· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window
· Consider minimum ECCA slot size smaller than 20 µs
· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
· FFS: Conditions under which initial CCA is used
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle
· FFS: Continuing count down during defer period
· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
· FFS: A defer period configured to be zero.
· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants
· FFS: Relationship, if any, between contention window and maximum channel occupancy?
· Discuss the values of all the above parameters at RAN1#81
· FFS: Applicability of this to DRS
· Adaptability of the energy detection threshold can be applied
· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above

R1-152413	WF on Cat4 Channel Access Scheme	Intel, LG, Ericsson, Broadcom, NTT DoCoMo, Mediatek
Working assumption:
Agreed R1-152413 with a following note
Note: This is only for DL LAA
The Category 4 DL LBT results reported in [2] are based on CWmin=15 and CWmax=1023, which are the same as those in the IEEE 802.11 specs. These results show that LAA using a Category 4 DL LBT algorithm can coexist well with a Wi-Fi network. However, at high loads, the LAA DL performance tends to be depressed by the Wi-Fi network with DL and UL traffic.
We have recently observed that many Wi-Fi APs in the market [6]
· May use CWmax=63 for DL.
· May arbitrarily determine values for the parameters CWmin, CWmax, AIFS and TXOP limit for each of the four access categories defined in EDCA.
· May change the values of LBT parameters at any beacon time.
· May use a different set of parameters than it advertises in the beacons.
In this contribution, we investigate the impact of CWmax=63 for Wi-Fi DL on LAA with Category 4 DL LBT when a non-replaced Wi-Fi network has both DL and UL traffic and LAA network has only DL traffic.
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DL-only LAA LBT algorithm
Category 4 LBT algorithm based on LBE LBT with NACK based contention window increase [2].
In addition to the main Category 3 LBT loop, the transmitter also maintains a contention window size CW, which is initialized as CWmin = 15. The details of the algorithm are given below.
· Whenever a random backoff counter is needed in the LBT loop,
· If the latest received HARQ feedback is NACK, CW is doubled. 
· The maximum size of the contention window is limited to CWmax = 1023. 
· If the latest received HARQ is ACK, CW is reset to CWmin.
· The random number N is drawn from [0, CW].
· The CCA slot duration T1 is reduced to 9 μs to align with Wi-Fi slot duration. 
· The transmitter can occupy the channel for 4 ms following a successful LBT attempt.
Wi-Fi DL LBT algorithm
· Default case for FTP users : CWmin=15, CWmax=1023
· Shorter case for FTP users: CWmin=15, CWmax=63
· VoIP users : CWmin=7, CWmax=15
Wi-Fi UL LBT algorithm
· FTP users : CWmin=15, CWmax=1023
· VoIP users : CWmin=7, CWmax=15
Wi-Fi – LAA coexistence evaluation results and discussion

The results presented in Figure 1 provide served traffic per operator according to varying offered load per operator. We can clearly observe that the aggressive Wi-Fi based on shorter CWmax negatively impacts LAA served traffic compared with the default Wi-Fi case as a neighbor. In contrast, the WiFi network takes advantage of its aggressive CW setting. As the offered load increases, the performance difference between WiFi and LAA networks also becomes larger when the WiFi neighbor has more aggressive DL LBT. Therefore, adapting LAA LBT parameters is needed for fair coexistence with Wi-Fi networks. 
Observation:
· Wi-Fi AP may adopt LBT parameters differently than those specified in IEEE 802.11. 
· Aggressive Wi-Fi AP LBT settings can negatively impact LAA network performance.
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Figure 1:  Aggregate served traffic per operator as a function of offered traffic per operator in the indoor test scenario. Each network has 4 eNBs/APs and 20 FTP UEs. Operator B has 2 VoIP UEs. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 80/20 split. For LAA, licensed band PCell is not used for DL traffic in this test.
Evolution of EDCA parameters
The IEEE 802.11 specification is a live standard with continuing improvement and evolution. For example, the DCF protocol has been replaced the by the EDCA protocol. The parameters for the EDCA can and will continue to be tuned based on new research findings.  The current parameters for the different access classes are given by Table 8-105 of [4], which is reproduced below for convenience.
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These parameters are planned to be modified in the next release of the 802.11 specs.
It is further noted that other wireless LAN fora (such as the Wi-Fi Alliance) can also set different operation parameters. For instance, the Wi-Fi Multimedia Technical Specifications ([6] Section A.4) recommend an AP to adopt CWmax=63 while advertising CWmax=1023 for the best effort access class. The following is reproduced from Table 15 of [6], for convenience. It is also noted that the AIFS duration for video and voice services is only 25 μs, which is shorter than IEEE EDCA specs or even the legacy DIFS duration of 34 μs.
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Observations:
· IEEE and other standard WLAN fora define different LBT and TXOP parameters for different access classes and continue to fine-tune the parameters in the evolution of the IEEE specifications.
· Wi-Fi AP can advertise LBT parameters different than those it actually operates with.

Conclusions
In this contribution, we provided further information on actual Wi-Fi AP operations and investigated the impact of such behaviors on LAA. We obtained the following observations.
Observations:
· Wi-Fi AP may adopt LBT parameters differently than those specified in IEEE 802.11.
· Aggressive Wi-Fi AP LBT settings can negatively impact LAA network performance.
· IEEE and other standard WLAN fora define different LBT and TXOP parameters for different access classes and continue to fine-tune the parameters in the evolution of the IEEE specifications.
· Wi-Fi AP can advertise LBT parameters different than those it actually operates with.
Based on the investigation, we propose the following.
Proposal
· LBT parameter tuning and adaptation for different nodes, different access classes and different quality of services should be allowed in the adopted LAA LBT framework.
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Annex A: Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions. However our parameter settings on the assumptions that remained optional or need clarifications when results are presented are provided below. In all the indoor coexistence evaluations, the transmit power of the base station in the unlicensed band is assumed to be 18 dBm. Moreover, FTP model 3 is used for generating FTP traffic.
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	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	2Tx2Rx, Cross-polarized 
Baseline: open loop 2x2 MIMO

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500B MSDU + 14 B header

	Max PPDU duration
	Baseline:< 4 ms 
(Asynchronous to LTE timing)

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention window
	Per EDCA

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	For the DL-only LAA coexistence evaluations:
· DL traffic only for the replaced Wi-Fi network
· DL and UL for the non-replaced Wi-Fi network 

	Rate control
	Minstrel algorithm

	Channel selection
	Based on the minimum interference level while ensuring that each unlicensed carrier is shared by two operators in each cluster

	OFDM symbol length
	4 micro second
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	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx, Cross-polarized. 

	Transmission schemes
	Open loop 2x2 MIMO based on TM10, QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-82 dBm

	Cyclic Prefix
	Normal
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