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[bookmark: _Ref298777854][bookmark: _Toc458153810]Introduction
A work item on enhancements to LTE operation in unlicensed spectrum [1] was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is 
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
In the following, we provide system performance evaluation results of Wi-Fi coexisting with autonomous UL LAA based on SPS framework.
[bookmark: _Toc458153811]Discussion
For autonomous UL, the UE is configured with 1 ms SPS periodicity and allowed to transmit with full bandwidth. Besides, the UE needs to acquire the channel by means of CAT 4 LBT before UL data transmission. Similar to the scheduled UL transmission, the latest possible start of the UL data transmission is limited to the start of the second OFDM symbol. 
Using the same coexistence methodology and assumptions from [2], the indoor scenario is simulated where two operators deploy 4 small cells each in the single-floor building sharing one unlicensed channel 20 MHz. All networks have both DL and UL traffic with a 50/50 split. 20 UEs per AP/eNB are considered in the evaluations. In the Wi-Fi and LAA coexistence scenario, in the first step, Operator A and B both use Wi-Fi. In the second step, operator A and its corresponding UEs are replaced by an LAA operator and LAA UEs while operator B and its UEs remain unchanged. Finally, the licensed PCell carrier is not used in the LAA network. Moreover, two additional VoIP traffic UEs per AP are modelled for the non-replaced Wi-Fi network. More information on the simulation assumptions is available in the Appendix.
[image: ]The performance of LAA coexisting with a Wi-Fi network is illustrated in Figure 1.
[image: ]
Figure 1:  The UL mean (left) and DL mean (right) user throughput vs. served traffic per operator per AP/eNB for FTP traffic of Wi-Fi and LAA networks.
Firstly, from the LAA and Wi-Fi coexistence point of view, all the results including DL and UL performance for both networks clearly illustrate not only that both networks coexist well with each other, but also that considerable improvement in the Wi-Fi network performance is achieved when coexisting with an LAA network as compared to another Wi-Fi network. 
Moreover, LAA UL performance is disadvantaged compared to Wi-Fi due to the limited number of positions where autonomous UL transmissions can start. The evaluation results presented here clearly confirm this behavior.
Observations:
· Autonomous UL LAA coexists well with Wi-Fi and improves Wi-Fi performance.
[bookmark: _Toc458153812]Conclusion
In this contribution the LAA performance evaluation and analysis for the autonomous UL and its coexistence situation with a Wi-Fi network are investigated.  Based on the evaluation results and further analysis we made the following observations: 

Observations:
· Autonomous UL LAA coexists well with Wi-Fi and improves Wi-Fi performance.
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Appendix
Additional Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [2] and we follow the Rel-13 agreements. 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 per carrier. Moreover, FTP model 3 is used for generating FTP traffic. 

[bookmark: _Ref414616232][bookmark: _GoBack]Table 1: Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration		
	Open loop 2x2 MIMO 
QPSK/16QAM/64QAM/256QAM

	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 on Primary Channels
	-62dBm

	ACK Modelled (successful reception, resources utilized)
	Yes

	Rate control
	Same as used in LAA

	OFDM symbol length
	4 micro second

	AP contention window
	CWmin=15, CWmax=63

	UE contention window
	CWmin=15, CWmax=1023

	Defer period
	43 micro second including 3 CCA slots following 16 µs period

	Maximum TXOP
	6ms for AP and UE




[bookmark: _Ref414616236]Table 2: Additional LAA system evaluations assumptions
	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 (UL and DL)
	-72 dBm

	Cyclic Prefix
	Normal

	CCA slot duration
	9 µs

	Maximum TXOP
	6ms for eNB and UE
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