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1
Introduction

In the LTE LAA SID proposal [1], design objective for licensed assisted access (LAA) service to coexist with other devices operating in the unlicensed spectrum has been disclosed as follows:  

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.  This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
In relation to the contribution [6], the proposed preamble field combined with modified LBE channel access mechanism is evaluated via system level simulation performance.  We list some findings from evaluation results according to the latest evaluation methodology defined in [2]. 
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Comparison of modified LBE vs
FBE DL co-channel coexistence performance result with Wi-Fi in indoor scenario
The downlink performance of modified LBE system for indoor scenario are considered.  For a comparison, FBE base LAA system is designed as an LAA reference system.  The clear channel assesement (CCA) duration for FBE LAA is set for 20us, and the assessment period is initated right before the subframe boundary approaches.  The FBE based LAA system transmits 4 subframes, as it is set as a maximum channel occupancy time.

Since the purpose of the evaluation is to evaluate the coexistence performance of LAA systems, we limited the number of transmit spatial streams to 1.  The channel is limited to one single channel (20MHz), and the channel for 5GHz frequency band is assumed where DFS is not required (e.g. 5.15 ~ 5.25GHz).  The contention window size for Wi-Fi netowk is set to legacy (i.e. CW_min: 15, CW_max: 1023).  Simulation run time for each drop of nodes is set for roughly 25 seconds.  For the LAA system link adaptation, aperiod CSI report using CSI-IM is assumed.  Detailed simulation parameters and assumptions for Wi-Fi system are listed below.  
	Parameter
	Value

	MCS
	802.11ac MCS table without 256 QAM 

	Antenna configuration


	1Tx2Rx (similar to 2Tx1Rx in STBC) in DL only.

UL: 1Tx2Rx

Baseline: open loop 

	Channel coding
	BCC

	Frame aggregation
	A-MPDU

	MPDU size
	1500 bytes

	Max PPDU duration
	Baseline:< 4 ms 

(Asynchronous to LTE timing)

	MAC
	Coordination
	DCF, No VoIP users

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	None

	
	Contention window
	Per DCF, no VoIP users

	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
	DL traffic only for DL-only LAA coexistence evaluation

	Rate control
	Auto rate fallback 
· If collision detected, AP decrements rate by 1

· Upon 5 consequtive transmissions, AP increments rate by 1

· Initial transmit MCS7

· Maximum number of retransmissions: 7 times

	Channel selection
	No channel selection.  Co-channel case only

	OFDM symbol length
	4 micro second

	Exponential back-off in case of collision detected
	Yes

	CW_min
CW_max
	15
1023


As previously mentioned, we applied only one spatial stream for Wi-Fi system.  The highest modulation order is limited to 64-QAM.  It is assumed that if the SCell receives a NACK signal via licensed band from serving UEs, HARQ process is passed on and executed in the licensed band.  Also for the LAA system, simulation parameters and simulation assumptions are listed below.
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	1Tx2Rx (similar to 2Tx1Rx in SFBC) in DL.  1Tx2Rx in UL

	Transmission schemes
	Based on TM4 or TM10, QPSK/16QAM/64QAM 

	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: based on CSI-IM report from UE

	CCA-ED
	-62dBm

	Channel selection
	No channel selection.  Co-channel case only.

	Cyclic Prefix
	Normal

	Total number of PRBs
	96 (distributed type)
minimum subband size: 4

	Number of useful data subframes per maximum transmission duration
	FBE: 4 subframes

Modified LBE: 3 subframes

	Overheads
	a) 2 OFDM symbols per subframes for PDCCH region
b) port 0 & 1 used for CRS (2 TX antenna)


As noticeable from the above table, the same configurations are applied for LAA system in terms of spatial streams and highest modulation order.  
As shown in the example Fig. 1 below, the distance between the closest nodes from two operators is fixed to 3 meters. The SNR distribution of the indoor layout, shown in Fig. 2, is fairly good in most cases.  Thus, it is most likely that if retransmission occurs, it is caused mostly by hidden node interference, although the occurrence itself is not a critical issue.
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Figure 1. Layout example of generated nodes according to TR 36.889 v.0.1.1
For the LAA system not exceeding maximum transmission duration of 4ms, 3 subframes are transmitted such that remaining 1 subframe can be allocataed for the proposed preamble field (1ms as its maximum transmission length).  As described in [6], the modified LBE channel access mechanism guarantees a preamble duration of at least 2 OFDM symbols time.  Again, this is set to be intentional for the system level simulation in order to see the effect of the proposed modified LBE scheme.  
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Figure 2. Distribution of SNR geometry according to TR 36.889 v.0.1.1

As suggested in the evaluation scenarios [2], a case of two Wi-Fi and LAA networks coexsiting in the indoor is first evaluated, and its preliminary results are shown from Fig. 3. to Fig. 8.  
For the modified LBE vs Wi-Fi networks, throughput and latency comparisons are shown in Fig. 3 and Fig. 4, respectively.  We observe that the proposed LAA system with modified LBE has almost no effect in terms of throughput or latency to the Wi-Fi data services.  Fair coexistence is observed while the throughput and latency of LAA is comparable to Wi-Fi networks.   
For LAA system, most of the lower throughput users show better performance than lower thourghput users of Wi-Fi systems.  We suspect that even though DIFS and back-off time of Wi-Fi is initially slightly shorter than the extended CCA time of modified LBE, packet collision and exponential back-off time caused by retransmission (mostly hidden node issue as it can be inferred from figure 2) makes the difference in lower thoughput case.  
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WLAN vs Wi-Fi: 2x1 STBC (avg: 20.7Mbps)

Wi-Fi vs LAA: Wi-Fi 2x1 STBC (avg: 20.6Mbps)

Wi-Fi vs LAA: LAA (mLBE) 2x1 SFBC (avg: 19.5Mbps)


Figure 3. Throughput comparison of modified LBE based LBT employing a prefixed preamble field to Wi-Fi
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Wi-Fi vs Wi-Fi: 2x1 STBC (avg: 279.9ms)

Wi-Fi vs LAA: Wi-Fi 2x1 STBC (avg: 297.9ms)

Wi-Fi vs LAA: LAA (mLBE) 2x1 SFBC (avg: 274.1ms)


Figure 4. Comparison of latencies: Wi-Fi vs LAA-LBE

We also evaluated the FBE based LAA system coexisting with Wi-Fi system as well.  However, unlike the modified LBE vs Wi-Fi coexistence case, performance in terms of throughput and latency drops noticably, as shown in Fig. 5 and Fig. 6.  It is also observed that coexisting Wi-Fi network’s performance increases as a cost to decreased performance of LAA’s.  In terms of average throughput, FBE LAA is lower than modified LAA for about 3Mbps, whereas the latency is increased by roughtly 70ms in average.
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Wi-Fi vs Wi-Fi: 2x1 STBC (avg: 20.7Mbps)

Wi-Fi vs LAA: Wi-Fi 2x1 STBC (avg: 25.4Mbps)

Wi-Fi vs LAA: LAA (FBE) 2x1 SFBC (avg: 16.43Mbps)


Figure 5. Throughput of Wi-Fi vs FBE based LAA
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Wi-Fi vs Wi-Fi: 2x1 STBC (avg: 279.9ms)

Wi-Fi vs LAA: Wi-Fi 2x1 STBC (avg: 259.2ms)

Wi-Fi vs LAA: LAA (FBE) 2x1 SFBC (avg: 344.5ms)


Figure 6. Comparison of latencies: Wi-Fi vs FBE based LAA
Comparing the result shown in Fig. 3, through Fig. 6, modified LBE LAA is prefered over FBE base LAA.
As for the LAA vs LAA scenario, some combinations are considered for evaluating of relative performance of each schemes in various scenarios.  In fig. 7, three sub cases are considered for LAA vs LAA scenario.  First is when both operator 1 and 2 use FBE as channel accessing mechnism.  Second is the case when both operators choose modified LBE to accss the shared spectrum.  Lastly, operator 1 runs FBE but operator 2 runs modified LBE.  Nonetheless, Wi-Fi only scenarios is compared as a performance reference.  
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Wi-Fi vs Wi-Fi: 2x1 STBC (avg: 20.7Mbps)

LAA-mLBE vs LAA-mLBE (avg: 17.4Mbps)

LAA-FBE vs LAA-FBE (avg: 22.9Mbps)

LAA-FBE vs LAA-mLBE: FBE part (avg: 19Mbps)

LAA-FBE vs LAA-mLBE: mLBE part (avg: 22.7Mbps)


Figure 7. Throughput comparison of LAA vs LAA combinations
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Wi-Fi vs Wi-Fi: 2x1 STBC (avg: 279.9ms)

LAA-mLBE vs LAA-mLBE (avg: 303ms)

LAA-FBE vs LAA-FBE (avg: 286.3ms)

LAA-FBE vs LAA-mLBE: FBE part (avg: 318.9ms)

LAA-FBE vs LAA-mLBE: mLBE part (avg: 234.8ms)


Figure 8. Latency comparison of LAA vs LAA combinations
Best overall performance is observed when both operators 1 and 2 choose FBE.  We found that when both operators chose FBE, no idle time exist whenever there is data traffic to be transmitted from either of the two operators, thus contributing to high thourghput.  Even though frame collision occurrs, high performance is observed since HARQ is processed in the licensed band.  On the other hand, the worset performing combination is found when both operators run modified LBE.  However, if one operator runs FBE while the other operator runs modified LBE and vice versa, better of the two is found to be the modified LBE.  
4
Discussion / conclusion

In this contribution, we presented the performance of modified LBE channel access mechanism evaluated in indoor scenario.  A comparison of the performance metrics between Wi-Fi and modified LBE suggest that objectives  according to the latest evaluation methodology defined in [2] are sufficiently met.  The modified LBE can provide a single global solution framework allowing compliance with any regional regulatory requirements.
In conclusion the following proposal is made:

Proposal 1: The proposed modified LBE meets the design targets and functionalities of LAA.  It does not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier.  It accommodates LTE system to be used in the unlicensed band with effective coexistence performance with other devices operating in the co-channel. 
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