Page 1

3GPP TSG RAN WG1 Meeting #80	 	R1-150707
Athens, Greece, 9th – 13th February 2015	(Revision of R1-150189)

Title: 	Coexistence Evaluation Results for DL-only LAA
Source: 	Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Agenda Item:	7.2.3.1
Document for: 	Discussion/Decision
1. [bookmark: Source]Introduction
In RAN1 #79, preliminary agreements were made regarding the methodology for coexistence studies [1]. In this contribution, some preliminary simulation results for DL only LAA are provided on different coexistence scenarios and different configurations.

2. [bookmark: _Ref410047471]Evaluation Assumptions
In this section, the evaluated scenarios and Listen-Before-Talk (LBT) mechanisms for LAA are described. The additional simulation assumptions can be found in the appendix. Note that although the LAA carrier is aggregated with a licensed carrier, the data traffic is only scheduled on the LAA SCell in order to achieve  a fair comparison with Wi-Fi. 
2.1. Coexistence Scenarios
In order to evaluate Wi-Fi-LAA coexistence, three coexistence cases are evaluated as agreed for both indoor and outdoor deployment over unlicensed carriers.
· Wi-Fi/Wi-Fi coexistence
· LAA/Wi-Fi coexistence
· LAA/LAA coexistence
For co-existence evaluation, the following three-step evaluation methodology is followed as agreed in [1].
	For each UE and eNB/AP drop
· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.
· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi networks. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.
· Step 3: The other Wi-Fi network is replaced with LAA. Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.

2.2. Listen before Talk Mechanism for LAA
The LBT functionality is required for LAA-LTE to meet regulatory requirements in some regions, and it is expected to allow fair coexistence among different nodes. The LAA frame structure could follow load-based equipment (LBE) based or frame-based equipment (FBE) based approach. Table 1 shows the detailed LBT parameters used in our simulations. Specifically, 
· For FBE, the idle time always starts at a sub-frame boundary, and the CCA check is located at the end of the idle time. The transmission starts immediately after the CCA check succeeds.  To achieve the reuse factor 1, all the intra-operator nodes would sense the channel at the same time periodically.
· For LBE, two frame structures are evaluated:
· Alt 1: The channel is reserved by preamble transmission until the next sub-frame boundary if extended clear channel assessment (eCCA) operation succeeds before the sub-frame boundary. And the data transmission always ends at the sub-frame boundary.
· Alt 2: Data transmission can start and end in the middle of a sub-frame if eCCA succeeds. Preamble with at least one OFDM symbol is used to occupy the channel.
Table 1 LBT simulation parameters
	Parameters
	Values

	CCA time for FBE and LBE
	20 us

	Maximum Channel Occupancy Time (MCOT) for FBE
	3784 us

	Idle Period for FBE
	216 us ( more than 5 % of MCOT)

	Maximum Channel Occupancy Time (MCOT) for LBE
	4 ms for q = 10

	
	8 ms for q = 20



3. Simulation Results
In this section, simulation results are provided for indoor and outdoor coexistence scenarios with different parameter settings. Unless specified otherwise, LBE-based frame structure with Alt 2 is evaluated for LAA, with the maximum channel occupancy time of 4 ms, and the file arrival rate for FTP traffic model is 0.6.
3.1. Coexistence Evaluation
Table 2 and Table 3 show the coexistence simulation results in the outdoor scenario and the indoor scenario, respectively.
[bookmark: _Ref410034283]Table 2 Coexistence simulation results for the outdoor scenario
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	Wi-Fi in Wi-Fi/Wi-Fi
	0.50
	4.69
	41.99
	10.60
	57
	822
	4552
	1333.50
	0.16
	0.60
	0.93
	0.58

	LAA in LAA/Wi-Fi
	1.15
	14.03
	46.91
	17.45
	59
	293
	2950
	690.67
	0.09
	0.42
	0.86
	0.45

	Wi-Fi in LAA/Wi-Fi
	0.82
	6.26
	42.04
	11.96
	50
	699
	4031
	1166.50
	0.12
	0.48
	0.91
	0.49

	LAA in LAA/LAA
	0.53
	16.83
	66.27
	21.90
	40
	176
	4222
	825.20
	0.08
	0.45
	0.94
	0.46



[bookmark: _Ref410034294]Table 3 Coexistence simulation results for the indoor scenario
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	Wi-Fi in Wi-Fi/Wi-Fi
	0.61
	11.02
	80.07
	22.05
	33
	460
	4539
	1114.48
	0.07
	0.52
	0.92
	0.52

	LAA in LAA/Wi-Fi
	2.39
	27.29
	81.69
	32.42
	37
	157
	1770
	421.36
	0.05
	0.29
	0.71
	0.33

	Wi-Fi in LAA/Wi-Fi
	0.85
	27.82
	91.38
	35.59
	32
	176
	3177
	699.22
	0.06
	0.43
	0.89
	0.45

	LAA in LAA/LAA
	0.60
	27.55
	81.54
	30.34
	37
	123
	3957
	638.74
	0.05
	0.30
	0.91
	0.39



Compared with the case of the Wi-Fi/Wi-Fi coexistence, it can be observed that Wi-Fi in LAA/Wi-Fi coexistence has higer average UPT in both the outdoor and the indoor scenario. For 5%-tile, 50%-tile, and 95%-tile UPT in the indoor scenario, the performance gain is 39%, 150%, and 14%, respectively. Hence, it can be concluded that LAA system with appropriate LBT mechanism does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. Furthermore, for the case of LAA/LAA coexistence, LAA systems could coexist with each other well via the LBT function. 
It can be also observed that LAA has lower average latency than Wi-Fi for the case of LAA/Wi-Fi coexistence, and replacing one of the WiFi networks with LAA also reduces the average latency in the remaining WiFi network. .
Comparing the indoor and outdoor scenarios, the indoor scenario has better performance (higher UPT and lower latency) due to good interference isolation from other neighbor clusters.
Based on the analysis, we have the following observations.
Observation 1: In terms of both UPT and latency, LAA with LBT mechanism does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier.
Observation 2: With LBT mechanism, LAA systems belonging to two different operators can coexist with each other well.
Observation 3: LAA has lower average latency than Wi-Fi due to its more efficient physical layer design.

3.2. Frame Structure Evaluation for LAA
For simplicity, only the LAA/Wi-Fi coexistence scenario is evaluated for the outdoor scenario in the following simulations.
3.2.1. FBE v.s. LBE
In this section, the LAA frame structures of FBE and LBE based on Alt.2 (see section 2.2) are evaluated.
[bookmark: _Ref410047245]Table 4 Performance comparison of frame structures based on different LBT mechanisms
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	LBE
	LAA
	1.15
	14.03
	46.91
	17.45
	59
	293
	2950
	690.67
	0.09
	0.42
	0.86
	0.45

	
	Wi-Fi
	0.82
	6.26
	42.04
	11.96
	50
	699
	4031
	1166.54
	0.12
	0.48
	0.91
	0.49

	FBE
	LAA
	0.26
	6.62
	39.62
	12.40
	45
	868
	4271
	1308.05
	0.20
	0.66
	0.97
	0.65

	
	Wi-Fi
	0.90
	18.86
	69.73
	23.34
	40
	507
	4180
	1068.11
	0.07
	0.47
	0.92
	0.49



As shown in Table 4, LAA with LBE frame structure outperforms LAA with FBE frame structure in UPT since FBE has a fixed frame period and channel sensing time, thereby obtains less transmission opportunities. LBE, which has the similar channel access mechanism as Wi-Fi, can contend for the channel in a fair manner when competing with Wi-Fi. Furthermore, the latency of LAA with LBE frame structure is reduced by 82.27% in comparison with that with FBE frame structure, which is mainly because the LBE could flexibly contend for and occupy the unlicensed channel. The advantage of the flexible channel sensing is also reflected in the load factor, where LBE shows a lower load factor than FBE because the packets can be delivered sooner. Furthermore, different LAA frame structures have different impact on Wi-Fi performance. Wi-Fi can obtain more channel access opportunities in the FBE case than that in the LBE case, which results in better Wi-Fi performance in the FBE case. However, Wi-Fi performance has better performance only because FBE gives Wi-Fi unfair advantage and puts LAA in a disadvantageous position with poor performance. So FBE is considered as unfair for LAA compared to Wi-Fi, while LBE allows fair channel access between LAA and Wi-Fi.
Observation 4: Compared with FBE based frame structure, LBE based frame structure ensures fair channel access for LAA compared with Wi-Fi.

3.2.2. LBE based Frame Structure
In this section, the performance of the two candidate frame structures based on LBE (Alt 1 and Alt 2 as described in section 2.2) is evaluated.
[bookmark: _Ref410133353]Table 5 Performance comparison of the LBE frame structure Alt.1 and Alt.2.
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	Alt. 1
	LAA
	0.58
	7.87
	34.90
	11.92
	78
	383
	3670
	887.84
	0.13
	0.53
	0.94
	0.55

	
	Wi-Fi
	0.26
	4.27
	44.03
	10.07
	63
	825
	4813
	1374.47
	0.11
	0.51
	0.92
	0.52

	Alt. 2
	LAA
	1.15
	14.03
	46.91
	17.45
	59
	293
	2950
	690.67
	0.09
	0.42
	0.86
	0.45

	
	Wi-Fi
	0.82
	6.26
	42.04
	11.96
	50
	699
	4031
	1166.54
	0.12
	0.48
	0.91
	0.49



As shown in the Table 5, both LAA and Wi-Fi achieve better performance with Alt.2 than with Alt.1. The reason is that Alt.1 employs a preamble to occupy the channel to make sure the data transmission begins and ends at subframe boundary. The preamble is overhead and reduces the system efficiency. It also reduces the transmission burst length for data. In contrast, Alt.2 allows the data transmission to begin and end in the middle of a subframe. Hence Alt.2 has minimum overhead from preamble transmission, and it can fully utilize the maximum channel occupancy time and obtain more data transmission opportunity.
Observation 5: Alt.2 frame structure performs better than Alt. 1 frame structure.

3.3. Impact of Maximum Channel Occupancy Time
[bookmark: _Ref410139122]The maximum channel occupation time (MCOT) plays a key role in the fair co-existence of different networks. Table 6 gives the performance comparison of LAA/Wi-Fi coexistence scenario with different maximum channel occupation time.
Table 6 Performance comparison of maximum channel occupancy time
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	MCOT for LAA: 4ms
	LAA
	1.15
	14.03
	46.91
	17.45
	59
	293
	2950
	690.67
	0.08
	0.42
	0.85
	0.45

	
	Wi-Fi
	0.82
	6.26
	42.04
	11.96
	50
	699
	4031
	1166.50
	0.11
	0.47
	0.91
	0.49

	MCOT for LAA: 8ms
	LAA
	0.91
	15.35
	48.45
	20.01
	62
	219
	2481
	576.48
	0.08
	0.36
	0.89
	0.41

	
	Wi-Fi
	0.48
	4.53
	32.06
	9.58
	65
	860
	5537
	1543.40
	0.20
	0.62
	0.96
	0.62



From Table 6, it can be observed that with the increase of maximum channel occupancy time of LAA, the Wi-Fi UPT decreases while the LAA UPT increases. When the maximum burst length for LAA is large, LAA can enjoy continuous transmission for a longer duration with only a one-time (e)CCA before the burst transmission. This allows the data to be delivered faster in LAA, and at the same time causes more delay in Wi-Fi.
Observation 6: With a larger maximum channel occupancy time, LAA achieves better performance due to the reduced need for (e)CCA.

3.4. Impact of Traffic Load
Table 7 shows the performance of LAA/Wi-Fi coexistence with different traffic load situations in the outdoor scenario.
[bookmark: _Ref410140471]Table 7 Performance comparison of LAA/Wi-Fi coexistence with different traffic load
	
	
	UPT(Mbps)
	Latency (us)
	Load Factor

	
	
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%
	Avg.

	Packet arrival rate: 0.3
	LAA
	43.15
	82.72
	105.37
	79.74
	37
	41
	147
	74.66
	0.01
	0.05
	0.12
	0.06

	
	Wi-Fi
	27.99
	91.52
	120.62
	86.83
	32
	33
	361
	112.49
	0.01
	0.05
	0.19
	0.07

	Packet arrival rate: 0.6
	LAA
	1.15
	14.03
	46.91
	17.45
	59
	293
	2950
	690.67
	0.09
	0.42
	0.86
	0.45

	
	Wi-Fi
	0.82
	6.26
	42.04
	11.96
	50
	699
	4031
	1166.54
	0.12
	0.48
	0.91
	0.49

	Packet arrival rate: 0.9
	LAA
	0.45
	2.91
	24.04
	6.96
	110
	666
	4823
	1312.06
	0.26
	0.84
	0.98
	[bookmark: _GoBack]0.77

	
	Wi-Fi
	0.04
	1.45
	17.75
	3.63
	136
	1251
	6156
	1947.58
	0.17
	0.64
	0.98
	0.64



With increased traffic load, the latency of both LAA and Wi-Fi is dramatically increased since more nodes contend on the unlicensed carrier, resulting in lower UPT. It can be observed from the load factor that more data are accumulated in the buffer when the packet arrival rate increases. Furthermore, the Wi-Fi system is more sensitive to the traffic load, and its performance deteriorates faster than LAA with increased load.
Observation 7: LAA shows advantage over Wi-Fi in higher traffic load situation.

4.  Conclusion
In this contribution, we provided initial coexistence simulation results for DL only LAA. Based on the simulation results, we made the following observations:
Observation 1: In terms of both UPT and latency, LAA with LBT mechanism does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier.
Observation 2: With LBT mechanism, LAA systems belonging to two different operators can coexist with each other well.
Observation 3: LAA has lower average latency than Wi-Fi due to its more efficient physical layer design.
Observation 4: Compared with FBE based frame structure, LBE based frame structure ensures fair channel access for LAA compared with Wi-Fi.
Observation 5: Alt.2 frame structure performs better than Alt. 1 frame structure.
Observation 6: With a larger maximum channel occupancy time, LAA achieves better performance due to the reduced need for (e)CCA.
Observation 7: LAA shows advantage over Wi-Fi in higher traffic load situation.
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Appendix: Simulation Assumptions
Table 8 Coexistence evaluation assumptions
	Parameters
	LAA
	Wi-Fi

	Outdoor scenario layout
	Based on SCE# 2a + unlicensed band
X=4, Y=1; 10 UEs per operator per carrier; 10 m for min. distance between small cells of different operators

	Indoor scenario layout
	Based on SCE#3 + unlicensed band
X=4, Y=1; 10 UEs per operator per carrier; 3 m minimal distance between small cells of different operators

	Traffic model
	FTP Model 3
file size: 0.5 Mbytes
arrival rate: 0.3, 0.6, 0.9

	Network synchronization
	For the same operator, the network is ideally synchronized
Small cells of different operators are not synchronized

	Total BS TX power
	18 dBm
	18 dBm

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized; adaptive stream
	2Tx2Rx in DL, Cross-polarized; Open-loop with 2 fixed streams

	CCA-ED
	-62 dBm
	-62 dBm

	Channel selection
	None
	None

	Link adaptation
	Close loop
	Rate control - Minstrel algorithm



Table 9 Wi-Fi additional simulation parameter
	Parameter
	value

	MCS
	802.11ac MCS table (No 256QAM)

	MPDU size
	1 ms

	Max PPDU duration
	3 ms

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection only

	
	RTS/CTS
	None

	
	Contention window
	Per DCF

	ACK Modeled
	Ideal reception, but resource utilization and interference caused by ACK is modelled.

	HARQ
	Retransmission with maximum 8 times



Table 10 LTE additional simulation parameter
	Parameter
	value

	Transmission schemes
	TM10, QPSK/16QAM/64QAM (no 256QAM)

	Scheduler
	Proportional fair

	UE receiver 
	MMSE-IRC

	Scheduling delay for LAA
	4 ms (Channel ON Status)

	CQI/RI/PMI Feedback for LAA
	Sub-band feedback with 1 ms feedback period  and 1ms feedback delay

	MAC HARQ
	Number of maximum ReTx: 3; minimal interval of ReTx: 8 ms (Channel ON Status)

	Outer loop link adaptation
	Enabled
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