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[bookmark: _Ref301342314]Introduction
Substantial progress was made for the Study Item on Licensed-Assisted Access (LAA) [1] in RAN1 WG #80 [2], where it was agreed that
Agreements:
· For the case of variable contention window (Category 4 in the LBT scheme classification), companies are encouraged to evaluate options including an exponentially increasing contention window (e.g., ETSI Option A in EN BRAN V1.8.0)
· 256 QAM is mandatory for all cases
· Evaluation both with and without RTS/CTS for WiFi nodes in the Y=1 indoor scenario for DL + UL traffic 
· Evaluation with VoIP
· Companies are encouraged to simulate VoIP traffic including the Y=1 indoor scenario  in DL + UL traffic
· Capture in the TR the following statement on unmanaged WiFi
· The simulation methodology for the single carrier outdoor scenario assumes an unmanaged WiFi network.
· The simulation methodology for the four carrier outdoor scenario with random channel selection assumes an unmanaged WiFi network.
· Note: These scenarios do not include peer-to-peer communication in WiFi networks
· LDPC codes should be used in the simulations for all cases for the WiFi network
· Note that evaluations performed without the above options can also be captured in the TR

In this contribution, we investigate coexistence performance when RTS/CTS handshaking is performed before each data transmission in the non-replaced Wi-Fi network. More specifically, we consider the following two indoor scenarios with one unlicensed band channel for sharing:
· Test Case 1: All Wi-Fi and LAA networks have only DL data traffic. Each network has 10 associated UEs.
· Test Case 2: Non-replaced Wi-Fi network has UL and DL data traffic while the replaced Wi-Fi and LAA networks have only data DL traffic. Each network has 20 associated UEs.
Coexistence performance when RTS/CTS handshake is used in Wi-Fi network
Results for test Case 1
In test case 1, all Wi-Fi and LAA networks have only DL data traffic. Each network has 10 associated UEs. In the non-replaced Wi-Fi network, RTS frames are initiated by the APs and the UEs respond with CTS frames upon reception of the RTS frames. Nodes in the replaced Wi-Fi network do not transmit RTS/CTS frames but can decode those RTS/CTS frames. 
Using the LAA LBT algorithm described in [3], we show in Figure 1 the system performance before and after Operator A switches from a Wi-Fi network to a LAA network. We can observe that Operator B network performance is not negatively impacted by the switch to LAA operation in Operator A network.
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[bookmark: _Ref414538456][bookmark: _Ref414538341]Figure 1: DL user throughput for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 10 UEs. Both operator A networks have only DL data traffic. For LAA, licensed band PCell is not used for DL traffic in this test and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].

Results for test Case 2
In test case 2, the number of UEs per network is increased to 20. The non-replaced Wi-Fi network has UL and DL data traffic while the replaced Wi-Fi and LAA networks have only DL data traffic. In the non-replaced Wi-Fi network, RTS frames can be initiated by the APs and UEs and the target recipients respond with CTS frames upon reception of the RTS frames. Nodes in the replaced Wi-Fi network do not transmit RTS/CTS frames but can decode those RTS/CTS frames. 
Using the LAA LBT algorithm described in [3], we show in Figure 2 and Figure 3 the system performance before and after Operator A switches from a Wi-Fi network to a LAA network. We can observe that Operator B network performance is not negatively impacted by the switch to LAA operation in Operator A network.
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[bookmark: _Ref414540207]Figure 2: DL user throughputs for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 20 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 and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].
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[bookmark: _Ref414624225]Figure 3: UL user throughput for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 20 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 and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].
Conclusions
In this contribution, we investigate coexistence performance when RTS/CTS handshaking is performed before each data transmission in the non-replaced Wi-Fi network. We consider a scenario where the non-replaced Wi-Fi network has only DL traffic, and a second scenario where the non-replaced Wi-Fi network has both DL and UL traffic. From the evaluation results, we conclude that
· LAA and Wi-Fi can coexist when RTS/CTS handshake is used in the Wi-Fi network.
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Annex A: Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [5]. However our preferences 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.
Additionally, the LBT algorithm used for LAA is based on the proposed load-based algorithm presented in [3] where the LAA CCA starts and resumes at the subframe boundaries. In more detail, if LBT succeeds before the 4th OFDM symbol in a subframe the channel is occupied by the LAA node by reservation signals until the 4th OFDM symbol and then followed by data transmission from the 4th OFDM symbol in that subframe. If the LBT fails by the 4th OFDM symbol in a subframe, the random backoff counter is frozen and the CCA is deferred to the next subframe boundary where the CCA count down is resumed. A maximum channel occupancy time of 4ms is assumed for LAA. Finally, Table 1 and Table 2 capture our assumptions for Wi-Fi and LAA systems.
[bookmark: _Ref410295853]Table 1: Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	2Tx2Rx in DL, Cross-polarized 
Baseline: open loop 

	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
	Yes in the non-replaced Wi-Fi (Operator B)

	
	Contention window
	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 Modelled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic in test case 1
DL+UL traffic in test case 2 with 80/20 traffic split

	Rate control
	Minstrel algorithm

	OFDM symbol length
	4 micro second



[bookmark: _Ref410295860]Table 2 Additional LAA system evaluations assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx in DL, Cross-polarized. 

	Transmission schemes
	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



Annex B: Additional System Performance Plots
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Figure 7: Mean AP buffer occupancy and ratio of served traffic over offered traffic for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 10 UEs. Both operator A networks have only DL data traffic. For LAA, licensed band PCell is not used for DL traffic in this test and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].
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Figure 8: Mean UL buffer occupancy and ratio of served traffic over offered traffic for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 20 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 and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].
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Figure 9: Mean DL buffer occupancy and ratio of served traffic over offered traffic for the indoor test scenario with FTP traffic. Each network has 4 eNBs/APs and 20 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 and a freeze period of 11 OS is applied in the LAA LBT algorithm [3].
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