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1 Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying the efficient operation of uplink LAA [1]. Within the WID scope, the channel access mechanism functionality for UL transmission should be addressed. 
The following high level agreement was made in RAN1#84bis meeting [2]: 
Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part
Moreover in the previous meeting the shared MCOT concept based on the agreements in ETSI BRAN to accommodate LAA UL operation in the unlicensed spectrum due to scheduling delay and scheduled transmission was intensively discussed [3]
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[4] . The proposal further discussed during the email discussion [84b-06] and the discussion results in the revised following proposal:

Proposal on Shared MCOT:
· For the DL and UL transmissions occurring on the same channel, an eNB starting the DL transmission based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit. 

· Any gap between two consecutive transmissions that is larger than 25 µs shall not be included in the total transmission duration.

· [Agreement: An LBT based on a 25 µs CCA can be performed for any of the new UL transmission within the MCOT limit.] and shall take place immediately prior to the UL transmission.

· The eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Category 4 LBT procedures, is less than or equal to the MCOT

· The transmissions are from an eNB and all the UEs served by it

· The successive Category 4 LBT procedures may not be from the same node

· Within an MCOT limit, the eNB shall ensure that there is no more than one gap that is 4 ms or greater due to the grant to transmission delay
· Note: There can be gaps due to LBT failures at the UE between the UL subframes in which transmissions occur

· Note: There can be gaps for 1 or 2 symbols between the scheduled UL subframes within an MCOT
· The eNB should schedule such that the MCOT limits are met assuming that there is a UL transmission in every scheduled UL subframe.
· FFS multiple transitions between DL and UL, and the associated detailed behavior (e.g. allowed gaps and how gaps are counted towards MCOT)

In this contribution we focus on the LAA performance evaluation and analysis for the self-carrier scheduling case for single channel and multi-channel operations and its coexistence situation with a Wi-Fi network where the UL LBT is based on the shared MCOT concept as compared to the UL LBT based on fixed CCA similar to [5].


2 Discussion
In the following, we provide system performance evaluation results of Wi-Fi coexisting with LAA based on multi-subframe scheduling for LAA operation. The evaluations in this contribution also consider an exact implementation of the shared MCOT concept which is more conservative than the use of a fixed CCA. That is, if coexistence is satisfied with a fixed CCA, then it is guaranteed to be satisfied by the shared MCOT. Both the schemes exhibit gaps in the transmissions. The minimum scheduling delay of at least 4ms is assumed. The following assumptions are used for LAA channel access schemes for single and multi-channel operations:

Single channel operation:
· LAA DL LBT with Cat 4 with (CWmin, CWmax) = (15,63), i.e. Rel-13 channel access priority class 3. 
· LAA UL LBT based on:

· Fixed CCA: LAA UL LBT based on a fixed CCA duration of 25 µs at the subframe boundary
· Shared MCOT: LAA UL LBT on a fixed CCA duration of 25 µs at the subframe boundary within the MCOT limit and Cat 4 LBT with (CWmin,CWmax)=(15,1023) and Defer period= 43 µs outside the MCOT limit
Multi-channel operation:

· LAA DL multi-channel LBT:

·   Type B Rel-13 multi-channel access procedure based on (CWmin,CWmax)=(15,63), i.e. Rel-13 channel access priority class 3.
· LAA UL LBT based on:

· Fixed CCA: LAA UL LBT based on a fixed CCA duration of 25 µs at the subframe boundary
· Shared MCOT: LAA UL LBT on a fixed CCA duration of 25 µs at the subframe boundary within the MCOT limit and Cat 4 LBT with (CWmin,CWmax)=(15,1023) and Defer period= 43 us outside the MCOT limit
Additionally scheduling request delay is modelled here in order to have a better understanding of performance in realistic scenarios.

Using the same coexistence methodology and assumptions from [6], the indoor scenario is simulated where two operators deploy 4 small cells each in the single-floor building sharing one unlicensed channel or two unlicensed channels, 20 MHz each in case of single channel or multi-channel operations, respectively. Heavy uplink scenario is considered for throughput the evaluations where all the networks have both DL and UL traffic with a 20/80 split, respectively. Moreover, 20 and 40 UEs per AP/eNB are considered in the evaluation for single channel and multi-channel operations, respectively. 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 for single channel operation. More information on the simulation assumptions is available in the Appendix. We have also provided the coexistence evaluation results when tow LAA networks are coexisting with each other. 

2.1 Coexistence performance analysis of two Wi-Fi networks

The adopted coexistence methodology since Rel-13 LAA SI is a two-step approach where in the first step two Wi-Fi networks coexist with each other. In the second step one of the Wi-Fi networks is replaced with an LAA network and performance of the non-replaced Wi-Fi network is measured and fair coexistence is ensured if no degradation on the performance on the non-replaced Wi-Fi network is observed as compared to its corresponding performance in the first step. Hence the case of two Wi-Fi networks coexisting with each other is referred to as the reference case for the coexistence evaluation. 
In our evaluations here all networks support both DL and UL FTP traffic while the non-replaced Wi-Fi network supports additional VoIP users as well. We can observe in Figure 1 that the AP utilizes more resources than STA on average as expected. Another interesting observation is that although an AP can any CW from CW = {15, 31, 63) to access the channel as oppose to an STA which utilizes a contention window from CW= {15, 31, 63, 127, 255, 511, 1023} for channel access, as shown in Figure 2, only at high loads STA starts to utilizes larger contention window sizes as compare to the AP. That explains well why at high loads the DL and UL throughputs in the Wi-Fi network starts to deviate.
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Figure 1: The mean AP/STA utilization of the Wi-Fi networks for single channel operation.
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Figure 2: The CDF of the CW size at the lowest (left) and highest (right) load points of the AP/STA of the Wi-Fi networks for single channel operation.
2.2 Coexistence performance analysis of Wi-Fi and LAA networks
The UL performance of LAA coexisting with a Wi-Fi network is illustrated in Figure 3 and Figure 4 for the single channel case and Figure 5 show the performance with multi-channel operation.
Firstly, from the LAA and Wi-Fi coexistence point of view, all the results clearly illustrate that not only LAA and Wi-Fi 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 for any of the choices of the UL LBT scheme. This is due to the fact that LAA being a scheduled system uses the spectrum efficiently and that benefits any neighboring nodes considerably. However, it is clearly seen that irrespective of UL LBT scheme and enabling multi-subframe scheduling, the LAA UL performance in self-scheduling case is still quite limited. Moreover LAA UL performance is already heavily disadvantaged due to the limited number of positions where transmissions can start. The evaluation results presented here clearly confirm this behavior and also illustrate no coexistence issue to the neighboring Wi-Fi network. 
Moreover we can clearly observe that in all cases there are gaps between DL and UL transmission. This is specifically interesting in case of fixed CCA and shared MCOT UL LBT schemes where presence of gaps in spite of 25 us CCA, does not create coexistence issue. 
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Figure 3: The UL mean (left) and 5th%-ile (right) user throughput vs. served traffic per operator per AP/eNB for FTP traffic of Wi-Fi and LAA networks for single channel operation. 
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Figure 4: On the left, the UL VoIP outage of the non-replaced Wi-Fi network and on the right the CDF of the gap between DL and UL subframes of the LAA network for single channel operation.
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Figure 5: The UL mean (left) and 5th%-ile (right) user throughput vs. served traffic per operator per AP/eNB for FTP traffic of Wi-Fi and LAA networks for multi-channel operation. 

2.3 Coexistence performance analysis of two LAA networks
Figure 6 illustrates the UL user throughput of two LAA networks coexisting with each other as well as the statistics of the gaps between DL and UL transmissions. It is clearly observed that the performance of two networks is comparable and hence result in a good coexistence.
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Figure 6: On the left, the UL mean and 5th%-ile user throughput user throughput and on the right, the CDF of the gap between DL and UL subframes of the LAA networks of the LAA networks for single channel operation
The observations based on the above results and discussion is summarized below:

Observations:

· LAA coexists well with Wi-Fi and improves Wi-Fi performance for both single channel and multi-channel operations with UL LBT based on 25µs CCA or shared MCOT.
· LAA coexists well with another LAA network with UL LBT based on 25µs CCA or shared MCOT.
· LAA UL performance in case of self-carrier scheduling is very limited as compare to Wi-Fi network for both single channel and multi-channel operation with UL LBT based on 25µs CCA or shared MCOT with multi-subframe scheduling enabled.


3 Conclusion
In this contribution the LAA performance evaluation and analysis for the self-carrier scheduling case for single channel and multi-channel operations and its coexistence situation with a Wi-Fi network are investigated.  Also the coexistence performance evaluation of two LAA networks is studied. Based on the evaluation results and further analysis we made the following observations:

Observations:

· LAA coexists well with Wi-Fi and improves Wi-Fi performance for both single channel and multi-channel operations with UL LBT based on 25µs CCA or shared MCOT.
· LAA coexists well with another LAA network with UL LBT based on 25µs CCA or shared MCOT.
· LAA UL performance in case of self-carrier scheduling is very limited as compare to Wi-Fi network for both single channel and multi-channel operation with UL LBT based on 25µs CCA or shared MCOT with multi-subframe scheduling enabled.
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5 Appendix

Additional Coexistence Evaluation Assumptions

The simulation assumptions are based on the agreed coexistence assumptions in [6]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. 

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

	CCA-ED on Secondary Channels
	-72dBm

	ACK Modelled (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
	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
	4ms for AP and UE


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

	MCOT
	4ms for DL and 4ms for UL


