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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]. Additional simulation assumptions for DL+UL LAA were agreed as the following:
Agreements:
· Updated evaluation assumptions for DL + UL scenario from DL only scenario
· Number of UEs/STAs 
· For 1 channel scenario – 20 UEs/operator
· Independent traffic generation on the DL and UL for both WiFi and LAA for FTP traffic model
· Each UE has the same UL/DL traffic arrival rate ratio
· WiFi transmission configuration
· The contention window is per EDCA
· Baseline of DL/UL traffic ratio:  50% DL traffic and 50% UL traffic should be evaluated to see the coexistence when UL heavy traffic happens
· 80% DL traffic and 20% UL traffic can be optionally evaluated
· LAA UL transmission is eNB scheduling based 
· Only scheduled UEs contend for the channel for UL transmission 
At least the case where UE performs LBT before UL transmission should be evaluated
· Bandwidth assumptions
· LAA licensed carrier has 10MHz on the DL and 10MHz on the UL
· Companies shall indicate the assumptions made regarding the following parameters
· Assumption on DL/UL multiplexing of the unlicensed carrier
· Scheduling assumptions to satisfy the bandwidth occupancy rule per UE
· Satisfying transmit PSD constraint on the UL at the UE
· CCA threshold at the UEs
· UL HARQ and retransmission model
· Modeling of control channel
· Company can provide additional delay related to buffer status report if modelled

In this contribution, we investigate coexistence performance of DL+UL LAA with Wi-Fi having DL and UL traffic. The UL grant transmission is based on self-scheduling.
[bookmark: _Ref410305256]Discussion of coexistence evaluation results
In our contributions [3][4], we discussed the benefits of a load-based LBT scheme due to its flexible spectrum utilization and adaptability to traffic load and proposed an LBT protocol which ensures fair coexistence with other technologies, in particular Wi-Fi, in unlicensed spectrum. The generic load based LBT procedure in EN 301.893 is very similar to the Wi-Fi physical medium sensing procedure. The key differences are (1) a Wi-Fi device does not resume counting down of the random backoff counter until the channel is idle and waits for the DIFS or AIFS periods; (2) random backoff is always performed post transmission; and (3) the contention window from which the random backoff counter is drawn is increased in response to collisions. To ensure proper coexistence with Wi-Fi, it was proposed to add additional deferring after sensing an occupied channel and post-transmission random backoff to the generic load-based LBT procedure. This algorithm is described below.
Category 3 LBT algorithm based on LBE LBT with defer period and mandatory ECCA
· A random backoff counter, N, is always drawn to start the LBT procedure.
· An initial CCA is always immediately followed by an extended CCA stage. 
· A successful transmission always leads to a restart of the LBT procedure with a newly drawn random backoff counter, N.
· Default value of CCA slot duration is T1 = 20 μs.
In this contribution, we evaluate the performance the above Category 3 LBE LBT algorithm for a DL+UL LAA with self-scheduling. The UL grant transmission by the eNB occurs in the unlicensed band after a successful LBT procedure at the eNB. Upon reception of the UL grant in subframe n, LAA UEs also perform LBT before carrying out their UL transmission in subframe n+4. 
The results presented in Figure 1 and also captured in Table 1provide an overview on the coexistence of LAA with Wi-Fi when both networks carry both DL and UL traffic. The system performance results show that not only does LAA with DL and UL traffic coexists in a friendly manner with Wi-Fi but also boosts Wi-Fi performance as compared to the case where two Wi-Fi networks coexist with each other. Some of the major elements which make LAA a good neighbor to Wi-Fi in the unlicensed band where both technologies have to share the medium are listed below:
· The LAA uplink traffic is scheduled by the LAA eNBs, which reduces the number of contending nodes at any given time. In the Wi-Fi network, all UEs with non-empty UL buffer contend to access the medium. By contrast, in the LAA network, only the few LAA UEs that are scheduled at a given time attempt to access the medium. 
· LTE, as compared to Wi-Fi, has more robust interference mitigation, error correction and retransmission schemes which result in greater efficiency in serving the traffic and reducing resource utilization thus providing more opportunities for other systems to access the medium.
· LAA uses the same sensing threshold irrespective of transmissions from LAA or Wi-Fi nodes as opposed to Wi-Fi which uses a higher sensing threshold for LAA as compared to Wi-Fi.

Observation:
· A DL+UL LAA network operating a Category 3 LBT algorithm based on LBE LBT with defer period and mandatory ECCA can coexist with a Wi-Fi network.
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(a) DL user throughputs				(b) UL user throughputs
[bookmark: _Ref416444725]Figure 1:  Mean user throughputs of the indoor test scenario with FTP traffic in DL on the left and UL on the right. Each network has 4 eNBs/APs and 20 UEs. Both operator A and B networks have 50% DL and 50% UL traffic. For LAA, licensed band PCell is not used for DL traffic in this test.

Figure 1 shows that fair coexistence between Wi-Fi and LAA with both UL and DL traffic is ensured. However,  Figure 1 also reveals that the performance of the LAA UL in this coexistence scenario can be further improved. This is further clarified in Figure 2. From the ratio of served over offered traffic in the uplink depicted in Figure 2, it can be observed that 
· The Wi-Fi network with both DL and UL traffic manages to achieve higher served traffic than the LAA network with both DL and UL traffic when the offered loads to both networks are identical. 
· As the Wi-Fi network attempts to serve more and more UL traffic, the amount of the offered UL traffic that the LAA network is able to serve drops very fast.
In the Wi-Fi network, UL transmissions are initiated by the mobile units autonomously. As a result, there can be substantially more Wi-Fi nodes contending for channel access and the Wi-Fi network is able to access the medium for UL transmissions much more frequently than a LAA network. Furthermore, two LBT procedures have to succeed for a successful LAA UL transmission while only one LBT success is needed for a Wi-Fi UL transmission. More specifically, the following two conditions must be fulfilled together to achieve a successful LAA UL transmission:
· The LBT procedure at the LAA eNB for the UL grant transmission is successful, and
· The LBT procedure at the LAA UE for the UL data transmission is successful.
Fulfilling both conditions becomes very challenging when the LAA network coexists with a Wi-Fi network serving many UEs with UL traffic. In the simulated indoor scenario, the ratio of cancelled LAA UL transmissions varies between 35% and 65% for stable load points (i.e., loads with more than 90% of the offered traffic being served). This clearly highlights the need for studying potential improvements to the medium access mechanism of LAA UL. One possibility is to investigate the LBT procedure at LAA UEs to reduce UL LBT failure by, for example, using a smaller contention window size for UL LBT. Another possible area of further study is faster LBT for control signaling to increase the likelihood of a LBT success for the UL grant transmissions. The benefits of such mechanisms in terms of LAA UL performance and coexistence with Wi-Fi should be further studied. The comparison of different LBT algorithms as started in [4] should be extended to include insights on the impact of different LAA LBT algorithms on the performance of both LAA and Wi-Fi for the uplink.

Observation:
· The comparison of different LAA DL LBT algorithms should include their impact on the UL performance of both LAA and Wi-Fi.
· Further study is needed to enhance LAA UL transmission success rates while considering the performance of both LAA and coexisting Wi-Fi networks. Examples include faster LBT for UL transmissions and/or control signaling for UL grants.
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Figure 2:  Ratio of served traffic in uplink over the offered traffic in uplink.
[bookmark: _Ref414616423]
Table 1: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic. Both networks have DL and UL traffic with 50/50 split. Each network has 4 eNBs/APs and 20 UEs. The non-replaced Wi-Fi network is operator B. 

	
Reported parameters
	Low load
BO range for Wi-Fi Opt.B in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. B in Step 1: 35%~50%
	High load
BO range for Wi-Fi Opt.B  in Step 1: above 55%

	
	Wi-Fi Opt.B in
step 1
	Wi-Fi Opt.A in
step 1
	Wi-Fi Opt. B in
step 2
	LAA Opt.A
in
step 2
	Wi-Fi Opt.B in
step 1
	Wi-Fi Opt.A in
step 1
	Wi-Fi Opt. B in
step 2
	LAA Opt.A
in
step 2
	Wi-Fi Opt.B in
step 1
	Wi-Fi Opt.A in
step 1
	Wi-Fi Opt. B in
step 2
	LAA Opt.A
in
step 2

	DL:
UPT CDF
[Mbps]
	5%
	22.57
	21.88
	53.15
	53.75
	8.12
	7.37
	39.08
	36.39
	4.11
	3.74
	29.1
	25.03

	
	50%
	63.75
	64.23
	87.69
	88.54
	41.62
	43.29
	80.03
	78.08
	23.37
	24.07
	69.76
	66.74

	
	95%
	95.01
	97.15
	104.9
	107.4
	82.72
	83.17
	101.83
	101.26
	62.95
	62.9
	96.03
	95.18

	
	Mean
	64.13
	64.85
	86.8
	87.72
	45.48
	46.6
	79.14
	77.58
	29.65
	30.18
	69.34
	66.47

	DL:
Delay CDF
[s]
	5%
	0.033
	0.032
	0.03
	0.03
	0.042
	0.035
	0.031
	0.031
	0.067
	0.039
	0.034
	0.034

	
	50%
	0.156
	0.095
	0.043
	0.043
	0.469
	0.301
	0.057
	0.063
	1.071
	0.762
	0.09
	0.102

	
	95%
	1.857
	1.99
	0.071
	0.076
	5.583
	4.395
	0.434
	0.322
	7.811
	7.053
	1.417
	0.982

	
	Mean
	0.481
	0.478
	0.049
	0.049
	1.411
	1.159
	0.129
	0.116
	2.394
	2.093
	0.348
	0.286

	UL:
UPT CDF
[Mbps]
	5%
	16.78
	17.97
	45.06
	48.03
	7.5
	5.17
	40.66
	34.32
	3.8
	2.64
	28.71
	23.16

	
	50%
	61.98
	61.78
	86.56
	87.17
	40.51
	41.23
	76.9
	76.97
	22.45
	23.07
	66.83
	65.9

	
	95%
	95.84
	94.74
	106.14
	106.4
	80.27
	80.3
	100.73
	101.51
	60.61
	59.48
	94.77
	94.29

	
	Mean
	62.04
	62.28
	85.02
	85.82
	44.42
	44.09
	76.95
	76.33
	28.63
	28.26
	66.51
	64.97

	UL:
Delay CDF
[s]
	5%
	0.032
	0.033
	0.031
	0.03
	0.042
	0.04
	0.031
	0.031
	0.067
	0.06
	0.033
	0.035

	
	50%
	0.145
	0.134
	0.044
	0.046
	0.636
	0.506
	0.055
	0.065
	1.408
	1.202
	0.077
	0.103

	
	95%
	2.469
	2.068
	0.087
	0.084
	4.447
	5.071
	0.444
	0.437
	7.438
	7.693
	1.402
	1.352

	
	Mean
	0.645
	0.545
	0.052
	0.054
	1.416
	1.442
	0.135
	0.136
	2.498
	2.467
	0.351
	0.337

	𝜌DL
	0.95
	0.94
	1
	1
	0.82
	0.81
	0.99
	1
	0.66
	0.65
	0.97
	0.98

	𝜌UL
	0.96
	0.95
	1
	1
	0.85
	0.85
	0.99
	0.99
	0.72
	0.72
	0.97
	0.94

	BO
	0.2
	0.2
	0.06
	0.06
	0.4
	0.4
	0.1
	0.1
	0.6
	0.6
	0.18
	0.18

	𝜆
	0.246937
	0.301094
	0.350344

	Company/tdoc: Ericsson / R1-150584 / R1-152109
LBT category: Category 3 on DL and UL with self-scheduling
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: yes
CCA and ECCA slot length: 20 μs
Whether or not intra and/or inter-RAT detection is assumed: only CCA-ED
Any significant deviations from evaluations methodology and assumptions: 


Conclusions
In this contribution, we report initial coexistence evaluation results for LAA with both DL and UL traffic in indoor deployments when the Wi-Fi network supports also both UL and DL traffic. We provide an analysis of the UL LAA performance with self-scheduling. We observe the following.
Observations:
· A DL+UL LAA network operating a Category 3 LBT algorithm based on LBE LBT with defer period and mandatory ECCA can coexist with a Wi-Fi network.
· The comparison of different LAA DL LBT algorithms should include their impact on the UL performance of both LAA and Wi-Fi.
· Further study is needed to enhance LAA UL transmission success rates while considering the performance of both LAA and coexisting Wi-Fi networks. Examples include faster LBT for UL transmissions and/or control signaling for UL grants.
Based on the investigation, we propose the following.
Proposal
· Selection of LBT algorithms for LAA shall consider both the DL and UL performance of LAA and coexisting Wi-Fi networks.
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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.
[bookmark: _Ref414616232]Table 2: Additional Wi-Fi system evaluation assumptions
	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



[bookmark: _Ref414616236]Table 3: 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
	-82 dBm

	Cyclic Prefix
	Normal
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