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In RAN1#80, it was agreed to updated evaluation assumptions based on IEEE LS [1]:
Agreements:
· Include an additional optional simulation scenario with Y=1 (single channel scenario) with the following assumptions
· Non replaced WiFi network has both DL and UL traffic 
· WiFi network, which is replaced by LAA, has only DL FTP traffic
· Assume 20UEs per operator
· For all other parameters, use the existing DL + UL simulation assumptions whenever applicable
· For traffic load and split (Overall offered load is the same for both the coexisting networks) at least the following case should be simulated:
· Traffic load on DL-only Wi-Fi and LAA networks is 25% greater than that of the DL nodes in the DL+UL non-replaced Wi-Fi network 
· DL to UL ratio is 80% to 20% for this scenario

Notably, the number of UEs was increased from 10 to 20 even though very high traffic loads can already be evaluated with 10 UEs by high FTP file arrival rates. With the increased number of UEs, companies did not observe any qualitative changes in whether LAA can coexist with Wi-Fi networks. 
However, there has been a continued request for evaluations with more UEs. In this document, we provide coexistence evaluation results with 50 UEs per operator per channel using both Category 3 and Category 4 LBT algorithms [2]. 
[bookmark: _Ref416339958]Analysis of coexistence evaluation results
We evaluate indoor coexistence scenario with FTP and VoIP traffic:
· Baseline case: Operator A Wi-Fi network has only DL traffic and Operator B Wi-Fi network has DL and UL traffic (80/20 split).
· LAA coexistence case: Operator A network is changed to a LAA network.
Both networks have 20 or 50 UEs. The LAA networks use either of the Category 3 or Category 4 LBT algorithms described in [2].
In Figure 1, we provide the DL user throughput for the Wi-Fi and LAA networks with 20 or 50 UEs. We can observe that at 27 Mbps offered traffic per operator network,
· For the baseline case of two Wi-Fi networks, the increased number of UEs causes the Wi-Fi user throughputs to decrease from 40 Mbps to below 18 Mbps, a loss of over 50%.
· When operator A network switches from Wi-Fi to LAA,
· the operator B Wi-Fi network sees user throughput increase from 40 Mbps to around 65 Mbps, a 62.5% gain, when both networks have 20 UEs.
· the operator B Wi-Fi network sees user throughput increase from 18 Mbps to around 55 Mbps, a 205% gain, when both networks have 50 UEs.
In Figure 2, we provide the UL user throughput for the Wi-Fi and LAA networks with 20 or 50 UEs. We can observe that at 27 Mbps offered traffic,
· For the baseline case of two Wi-Fi networks, the increased number of UEs causes the Wi-Fi user throughputs to decrease from 30Mbps to below 15Mbps, a loss of 50 %.
· When operator A network switches from Wi-Fi to LAA,
· the operator B Wi-Fi network sees user throughput increase from 30 Mbps to around 45 Mbps, a 50% gain, when both networks have 20 UEs.
· the operator B Wi-Fi network sees user throughput increase from 15 Mbps to around 45 Mbps, a 200% gain, when both networks have 50 UEs.
Observation: 
· Increasing the number of UEs in a Wi-Fi network degrades the system performance and user experience.
· An LAA network with Category 3 or Category 4 LBT algorithms discussed in [2] can coexist with a Wi-Fi network when both networks have 20 or 50 UEs.
· LAA provides an even better coexistence environment to the Wi-Fi network when the Wi-Fi network has a higher number of UEs.
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[bookmark: _Ref417049936]Figure 1 Mean DL throughput comparison when both networks have 20 UEs or 50 UEs.
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[bookmark: _Ref417281312]Figure 2 Mean UL throughput comparison when both networks have 20 UEs or 50 UEs.
Discussion
It is important to note that the functioning of Wi-Fi UEs and LAA UEs is fundamentally different and is key to understanding the role of the number of UEs in the system. When the number of Wi-Fi UEs is increased in the system, the level of contention correspondingly goes up since each of the Wi-Fi UEs can independently contend for the channel at any given time. The contention is only controlled by the random backoff that is part of the listen-before-talk mechanism. That is, a Wi-Fi system has a contention based uplink access mechanism. 
In contrast, LTE has a scheduling based uplink access mechanism such that no UE transmits anything on an LTE SCell unless it is explicitly scheduled by the eNB. Since LAA is based on carrier aggregation principles of LTE, this is the expected behaviour for LAA UEs on an unlicensed carrier. Thus, the number of UEs in the system is not the determinant of the level of contention caused by LAA UEs, but rather the number of UEs actively scheduled by the eNB for a particular subframe is the relevant parameter. And, even when multiple UEs are scheduled by an eNB, they attempt to access the channel in a particular subframe. If they fail to access the channel, they will not attempt to access the channel unless they are explicitly scheduled again (as per the current design discussions). 
It is apparent from performance evaluations in the previous sections that system throughput drops significantly when the number of contending UEs increases. This is also borne out from analysis discussed in the IEEE [4]. Thus, it is counter-productive for an eNB to schedule a large number of UEs if they are to contend with each other for the channel. However, many UEs could be scheduled simultaneously if they are able to access the channel without contention between themselves either by not using an LBT mechanism or coordinating the LBT mechanism, which can result in greater system efficiency. In either case, it is simply not foreseen that there will be more than a limited number of UEs in a cell contending for the channel at any given time. Thus, the level of contention caused by LAA UEs at any given time is highly limited regardless of the number of UEs in the system and does not scale in the same way as the level of contention when the number of Wi-Fi UEs in the system is increased. Based on the above, we make the following observation.
Observation: 
· The increase in the level of contention when the number of LAA UEs is increased is significantly lower than the increase in the level of contention when the number of Wi-Fi UEs is increased in the system.
Conclusions
Based on the evaluations, analysis and discussion, we conclude that
· For the baseline scenario of two Wi-Fi networks, we observe that the increase of the number of UEs from 20 to 50 decreases Wi-Fi user throughput by over 50%.
The general trend is that increasing the number of UEs in a Wi-Fi network degrades the system performance and user experience.
· When operator A network switches from Wi-Fi to LAA, the operator B Wi-Fi network witnesses, at high traffic loads,
· user throughput gains of 50% when both networks have 20 UEs and
· user throughput gains of 200% when both networks have 50 UEs.
The general trend is that LAA provides an even better coexistence environment to the Wi-Fi network when the Wi-Fi network has a higher number of UEs.

In addition, we make the following observation regarding the contention caused by LAA UEs in a system.
Observation: 
· Increasing the number of UEs in a Wi-Fi network degrades the system performance and user experience.
· An LAA network with Category 3 or Category 4 LBT algorithms discussed in [2] can coexist with a Wi-Fi network when both networks have 20 or 50 UEs.
· LAA provides an even better coexistence environment to the Wi-Fi network when the Wi-Fi network has a higher number of UEs.
· The increase in the level of contention when the number of LAA UEs is increased is significantly lower than the increase in the level of contention when the number of Wi-Fi UEs is increased in the system.
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Table 1: Category 3 LBT algorithm based on LBE LBT with defer period. Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 80/20 split as well as VoIP traffic. Each network has 4 eNBs/APs and 50 UEs.
Note that in order to use the agreed templates for reporting coexistence evaluation results, Operators 1 and 2 in the table correspond to Operators B and A in the evaluations here, respectively.
	Reported parameters
	Low load
BO range for Wi-Fi Opt.1 in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. 1 in Step 1: 35%~50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

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

	DL:
UPT CDF
[Mbps]
	5%
	39.88
	38.13
	60.95
	86.78
	12.86
	13.17
	44.13
	66.660
	1.97
	1.75
	22.78
	38.29

	
	50%
	65.80
	67.24
	86.80
	102.74
	39.90
	40.84
	76.84
	94.160
	16.08
	16.52
	57.29
	75.63

	
	95%
	84.98
	87.33
	101.55
	112.09
	67.14
	70.05
	93.51
	105.42
	49.4
	51.54
	83.76
	96.66

	
	Mean
	64.77
	65.70
	85.21
	101.46
	40.16
	41.34
	73.55
	89.790
	21.72
	22.43
	55.52
	71.55

	DL:
Delay CDF
[s]
	5%
	0.075
	0.061
	0.043
	0.038
	0.131
	0.085
	0.049
	0.0420
	0.23
	0.108
	0.062
	0.048

	
	50%
	1.038
	0.488
	0.061
	0.046
	2.955
	1.243
	0.082
	0.0560
	6.673
	2.352
	0.267
	0.146

	
	95%
	11.297
	10.08
	3.101
	1.219
	28.673
	26.948
	12.106
	4.6980
	48.359
	53.597
	11.724
	12.317

	
	Mean
	3.268
	2.391
	0.486
	0.286
	8.485
	6.293
	1.759
	1.0060
	14.944
	12.018
	2.734
	2.567

	UL:
UPT CDF
[Mbps]
	5%
	22.75
	N/A
	38.77
	N/A
	5.82
	N/A
	25.18
	N/A
	0.36
	N/A
	12.09
	N/A

	
	50%
	56.94
	N/A
	74.14
	N/A
	32.74
	N/A
	64.47
	N/A
	13.07
	N/A
	46.47
	N/A

	
	95%
	87.02
	N/A
	98.78
	N/A
	69.13
	N/A
	92.77
	N/A
	51.37
	N/A
	81.92
	N/A

	
	Mean
	57.15
	N/A
	72.96
	N/A
	35.46
	N/A
	62.61
	N/A
	19.59
	N/A
	47.43
	N/A

	UL:
Delay CDF
[s]
	5%
	0.061
	N/A
	0.12
	N/A
	0.108
	N/A
	0.037
	N/A
	0.178
	N/A
	0.046
	N/A

	
	50%
	0.395
	N/A
	0.12
	N/A
	1.002
	N/A
	0.083
	N/A
	1.906
	N/A
	0.245
	N/A

	
	95%
	9.025
	N/A
	0.03
	N/A
	22.141
	N/A
	2.802
	N/A
	37.521
	N/A
	7.322
	N/A

	
	Mean
	2.341
	N/A
	0.12
	N/A
	5.712
	N/A
	1.182
	N/A
	9.136
	N/A
	1.615
	N/A

	VoIP outage
	0.32
	N/A
	0.12
	N/A
	0.60
	N/A
	0.23
	N/A
	0.81
	N/A
	0.41
	N/A

	DL VoIP outage
	0.29
	N/A
	0.12
	N/A
	0.55
	N/A
	0.21
	N/A
	0.75
	N/A
	0.37
	N/A

	UL VoIP outage
	0.10
	N/A
	0.03
	N/A
	0.25
	N/A
	0.11
	N/A
	0.42
	N/A
	0.20
	N/A

	𝜌DL
	0.95
	0.95
	1.00
	1.00
	0.87
	0.86
	0.99
	1.00
	0.77
	0.73
	0.95
	0.98

	𝜌UL
	0.98
	N/A
	1.00
	N/A
	0.96
	N/A
	
	N/A
	0.93
	N/A
	0.98
	N/A

	BO
	0.20
	0.19
	0.07
	0.06
	0.40
	0.38
	0.12
	0.11
	0.60
	0.57
	0.24
	0.22

	𝜆
	0.09
	0.11
	0.13

	Company/tdoc: Ericsson/R1-153117
LBT category: 3
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: no
Any significant deviations from evaluations methodology and assumptions: 50 UEs



Table 2: Category 4 LBT algorithm based on LBE LBT with defer period and NACK based contention window increase. Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic. Operator A network has only DL traffic and Operator B network has DL and UL traffic with 80/20 split as well as VoIP traffic. Each network has 4 eNBs/APs and 50 UEs.
Note that in order to use the agreed templates for reporting coexistence evaluation results, Operators 1 and 2 in the table correspond to Operators B and A in the evaluations here, respectively.
	Reported parameters
	Low load
BO range for Wi-Fi Opt.1 in Step 1: 10%~25%
	Medium load
BO range for Wi-Fi Opt. 1 in Step 1: 35%~50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

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

	DL:
UPT CDF
[Mbps]
	5%
	39.88
	38.13
	65.66
	90.06
	12.86
	13.17
	55.86
	81.24
	1.97
	1.75
	39.64
	60.03

	
	50%
	65.8
	67.24
	88.96
	103.22
	39.90
	40.84
	80.65
	95.53
	16.08
	16.52
	65.41
	80.15

	
	95%
	84.98
	87.33
	101.77
	112.43
	67.14
	70.05
	95.63
	106.15
	49.40
	51.54
	87.72
	98.84

	
	Mean
	64.77
	65.70
	87.64
	102.85
	40.16
	41.34
	79.66
	95.44
	21.72
	22.43
	65.89
	80.69

	DL:
Delay CDF
[s]
	5%
	0.075
	0.061
	0.04
	0.03
	0.13
	0.085
	0.047
	0.041
	0.23
	0.108
	0.055
	0.047

	
	50%
	1.038
	0.488
	0.056
	0.04
	2.95
	1.243
	0.069
	0.05
	6.67
	2.352
	0.17
	0.65

	
	95%
	11.29
	10.08
	0.108
	0.07
	28.67
	26.94
	0.149
	0.10
	48.35
	53.597
	4.36
	4.81

	
	Mean
	3.268
	2.39
	0.065
	0.05
	8.485
	6.29
	0.082
	0.06
	14.94
	12.018
	0.91
	1.48

	UL:
UPT CDF
[Mbps]
	5%
	22.75
	N/A
	43.05
	N/A
	5.82
	N/A
	35.05
	N/A
	0.36
	N/A
	22.84
	N/A

	
	50%
	56.94
	N/A
	76.93
	N/A
	32.74
	N/A
	70.49
	N/A
	13.07
	N/A
	54.34
	N/A

	
	95%
	87.02
	N/A
	99.58
	N/A
	69.13
	N/A
	94.09
	N/A
	51.37
	N/A
	86.83
	N/A

	
	Mean
	57.15
	N/A
	75.71
	N/A
	35.46
	N/A
	69.50
	N/A
	19.59
	N/A
	56.19
	N/A

	UL:
Delay CDF
[s]
	5%
	0.01
	N/A
	0.0350
	N/A
	0.10
	N/A
	0.0370
	N/A
	0.178
	N/A
	0.042
	N/A

	
	50%
	0.39
	N/A
	0.056
	N/A
	1.00
	N/A
	0.066
	N/A
	1.906
	N/A
	0.14
	N/A

	
	95%
	9.02
	N/A
	0.162
	N/A
	22.14
	N/A
	0.201
	N/A
	37.52
	N/A
	3.64
	N/A

	
	Mean
	2.341
	N/A
	0.075
	N/A
	5.71
	N/A
	0.092
	N/A
	9.136
	N/A
	0.83
	N/A

	VoIP outage
	0.32
	N/A
	0.04
	N/A
	0.60
	N/A
	0.09
	N/A
	0.81
	N/A
	0.28
	N/A

	DL VoIP outage
	0.29
	N/A
	0.04
	N/A
	0.55
	N/A
	0.07
	N/A
	0.75
	N/A
	0.24
	N/A

	UL VoIP outage
	0.10
	N/A
	0.01
	N/A
	0.25
	N/A
	0.02
	N/A
	0.42
	N/A
	0.06
	N/A

	𝜌DL
	0.95
	0.95
	1.00
	1.00
	0.87
	0.86
	1.00
	1.00
	0.77
	0.73
	0.98
	0.98

	𝜌UL
	0.98
	N/A
	1.00
	N/A
	0.96
	N/A
	1.00
	N/A
	0.93
	N/A
	0.99
	N/A

	BO
	0.20
	0.19
	0.06
	0.05
	0.40
	0.38
	0.08
	0.07
	0.60
	0.57
	0.16
	0.16

	𝜆
	0.09
	0.11
	0.13

	Company/tdoc: Ericsson/R1-153117
LBT category: 4 (contention window size is varied between 15 and 1023 based on latest HARQ feedbacks)
Additional information:
Sensing threshold used: -82 dBm
Whether defer periods are used or not: yes
CCA and ECCA slot length: 9 μs
Whether or not intra and/or inter-RAT detection is assumed: no
Any significant deviations from evaluations methodology and assumptions: 50 UEs



Annex B: Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions. 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 1: 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 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
	-82 dBm

	Cyclic Prefix
	Normal
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