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1 Introduction
At the September 2014 RAN plenary meeting, it was agreed to start a SI on licensed-assisted access using LTE (LAA-LTE). According to [1] at RAN 65 meeting, the objectives of SI include:

Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. 
This document focuses on discussing the deployment scenarios and evaluation methodologies for LAA-LTE to capture the features of LAA-LTE and provide insight into how its performance and impact should be evaluated. 
2 Deployment scenarios
2.1 Deployment scenario
Considering the properties of the propagation channel in the 5GHz spectrum, the unlicensed band is generally employed by small cells to provide local area services. Thus, the existing outdoor/indoor deployment scenarios in [2][3] can be referred to for LAA-LTE, i.e. a small cell layer is deployed within the coverage of the macro layer. 
Carrier aggregation between a licensed carrier and an unlicensed carrier is required to support LAA-LTE, where one or multiple secondary component carriers (SCCs) on unlicensed band are used by the small cells, and a primary component carrier (PCC) in configured on a licensed band in either the macrocell or in a small cell. Small cells and the macro cell may have additional SCCs in licensed bands.

In deployments where the macrocell and the small cells do not share any common carrier frequency in licensed bands, LAA-LTE operation is according to CA scenario 4, where the small cells are RRH linked by a fiber backhaul to the macro cell [6]. This deployment scenario corresponds to SCE scenario 2a or 2b with CA scenario 4, as in Figure 1 with an ideal backhaul between the macrocell and the small cells. In this scenario, the PCC must be configured in the macrocell if the small cells have no carrier in the licensed bands. Otherwise, the PCC can be configured in the small cells but this requires at least two carriers in the licensed band (one for the macrocell layer, one for the small cell layer).
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Figure 1. Possible deployment scenarios for LAA-LTE
In deployments where the macrocell and the small cells share at least one common carrier frequency in a licensed band, we find a typical co-channel HetNet scenario in the licensed bands with non-ideal backhaul between the macrocell and the small cells in its coverage. This deployment scenario corresponds to a mixture of SCE scenario 1 and SCE scenario 2a or 2b (methods for UE dropping may be revised for LAA) where CA is only applied within each cell site, as in Figure 2. In this scenario, the PCC is configured in the small cell for UEs with SCC in the unlicensed band, while UEs configured with PCC in the macrocell may have a SCC in the unlicensed band if the macrocell site operates as a small cell in the unlicensed band. This scenario is applicable if an operator has a single carrier in the licensed band.
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Figure 2. Possible deployment scenario for LAA-LTE
Considering that the scenario of Figure 2 is more generic since it can be applied with a single carrier in the licensed band and CA within a single site, we propose to focus on the latter scenario for LAA-LTE.
Proposal 1: LAA-LTE will be evaluated with carrier aggregation in deployments corresponding to outdoor or indoor small cells, where macrocells’ component carriers are only in licensed bands, and small cells have at least one component carrier co-channel with the macrocell in addition to component carriers in unlicensed bands. The PCC for all UEs is configured in the licensed band. The backhaul between macrocells and small cells is non-ideal.
2.2 Evaluation cases
To evaluate the performance of LAA-LTE on unlicensed band and the impact of co-existence, the following major cases are considered, including intra-RAT coexistence between different operators, and   inter-RAT coexistence between LTE and Wi-Fi, and including Wi-Fi only scenarios for benchmarking:

· Evaluation case 1: Only LAA-LTE small cells of the same operator are deployed. 

· Evaluation case 2: Only Wi-Fi APs of the same operator are deployed. 
· Evaluation case 3: Wi-Fi APs coexist with different-operator Wi-Fi APs, where the nodes of different operators are deployed without site-planning.
· Evaluation case 4: LAA-LTE small cells coexist with different-operator Wi-Fi APs, where the two RATs are deployed without site-planning.

· Evaluation case 5: LAA-LTE small cells coexist with different-operator LAA-LTE small cells, where the nodes of different operators are deployed without site-planning.

Table 1 Evaluation cases 1-5 for LAA-LTE and Wi-Fi deployments
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Case 3
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Case 4
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Case 5


The general application scenarios of LAA-LTE are mainly considered as hotspots/hotzones, e.g., stadium, commercial buildings, airports, etc. In all cases, the LAA-LTE cells and Wi-Fi APs are deployed by operators. Evaluation cases 1 and 2 are single-operator deployments, which can be employed for performance benchmarking. Evaluation cases 3, 4 and 5 can be used to evaluate the performance where multiple operators or multiple RATs co-exist. Evaluation case 3 can serve as a coexistence benchmark, while in evaluation case 4 a fraction of different-operator Wi-Fi APs are replaced with LAA-LTE small cells to compare the impact of Wi-Fi-to-Wi-Fi with that of LAA-to-Wi-Fi. Evaluation case 5 is considered to assess coexistence mechanisms in multiple operators LAA deployments, and can also serve to assess the robustness of LAA to interference from Wi-Fi. Since it is in general not feasible to perform joint network planning among operators, the performance in multi-operators or multi-RATs deployment needs to be evaluated for robustness. Deployments without site planning will still require some agreed modeling in the evaluation methodology.
Proposal 2: Evaluation cases 1-5 will be simulated to assess the co-existence aspects of LAA-LTE in unlicensed bands.
3 Simulation methodology

The system simulation should consider both complexity and performance. To achieve the balance between simulation simplification and system performance, it is proposed to consider the following simulation methodologies for the evaluation, including channel sensing mechanism of LAA-LTE, number of unlicensed carriers, channel modeling, traffic modeling for UL and DL, co-existence characteristics, etc.

3.1 Channel sensing mechanism
To ensure fair intra/inter-RAT coexistence, channel sensing should be modeled and evaluated. The exact sensing mechanism depends on the potential solutions evaluated, e.g., fast or semi-static sensing, narrow-band or wide-band sensing. It has been previously mentioned that channel listening policy is required in radio regulations of some countries/regions. LBT [4] as a typical implementation can be considered as a dynamic channel sensing mechanism, where before a transmission each node shall perform a clear channel assessment (CCA) check using energy detection and the node is allowed to transmit only when the channel is idle.
Proposal 3: Channel sensing mechanisms will be modeled and evaluated.
3.2 Number of unlicensed carriers
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Figure 2. Configuration 1 and Configuration 2 for the number of unlicensed carriers
Carrier selection is an effective way to offload users from a congested carrier to a cleaner carrier after performing channel sensing. To evaluate the performance of carrier selection, configuration 1 where single carrier can be used by small cells and configuration 2 where multiple carriers can be used by small cells should be taken into account. Configuration 1 can be considered as a baseline, while configuration 2 is considered to evaluate the performance gain of carrier selection mechanism.
Proposal 4: Both single-carrier and multiple-carrier configurations on unlicensed band will be considered in the study.
3.3 Channel modeling
Outdoor and indoor links between LAA-LTE Pico/Wi-Fi AP can reuse the channel models in A.1.2, A.1.3 [3] and B.1.2.1 [2]. 
Moreover, considering the utilization of channel sensing mechanism, links between transmit nodes should be modeled. However, the impact of fast fading can be neglected since channel sensing is generally performed over the whole nominal bandwidth, and it is proposed in a companion contribution that the minimum bandwidth on a LAA-LTE carrier is 5 MHz. To model the link between LAA-LTE picocells transmitters and between AP and LAA-LTE pico cells transmitters, we suggest reusing the same type of link from Pico/AP to UE as shown in Appendix.

Proposal 5: Large-scale channel model between transmit nodes should be introduced.

3.4 Traffic model

There are many typical traffics for realistic transmission, such as FTP, VoIP, video, and so on. The DL and UL traffic statistics are generally different. For DL-heavy traffic such as FTP or streaming video, it may be sufficient to only model the DL traffic in the simulations.

Typically, FTP traffic model 3 [3] is widely used in the SCE evaluation. It is naturally to reuse the FTP model 3 traffic model to evaluate the co-existence between LAA-LTE and Wi-Fi. FTP model 3 is based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue. It is assumed that the file size of FTP model 3 traffic model should be is 0.5M bytes.
Proposal 6: Bursty buffer of FTP model 3 is used for DL transmission in DL-heavy scenarios.
3.5 Co-existence characteristics

When co-existence between LAA-LTE and Wi-Fi are evaluated, the following basic features of LAA-LTE and Wi-Fi need to be considered:

Firstly, the primary features of LTE needs to be modeled for LAA-LTE, such as the physical frame structure, multi-access, modulation and coding scheme, link adaption and HARQ, etc. Addition of candidate co-existence mechanisms (e.g., sensing) should be modeled and evaluated.

Secondly, basic features of Wi-Fi need to be evaluated:

· The basic CSMA/CA mechanism: including the carrier sensing scheme (physical clear channel assessment and MAC virtual carrier sensing), multi-access, and scheme of collision avoidance. As for the simulation modeling, the realistic procedure of CSMA/CA is encouraged, while the typical Markov Status Machine is also acceptable to simulate the CSMA/CA mechanism. 

· The aggregate MAC protocol data unit and aggregate MAC service data unit are modeled to better match with the commercial product of Wi-Fi. Moreover, rate control algorithm is suggested to model the open-loop link adaptation of Wi-Fi.  For simplification, one aggregated MAC PDU and fixed MCS used for data transmission is also acceptable. 
· Some other enhancement features of Wi-Fi are optional, including EDCA which supports the QoS transmission, Block-ACK which is coupled algorithm to further improve the A-MPDU performance, RTS/CTS, MIMO transmission mode, etc. 

Proposal 7: Some basic features of LAA-LTE and Wi-Fi should be considered, especially for Wi-Fi, such as the CSMA/CA mechanism, AMPDU/AMSDU, rate control algorithm, but simplifications in modeling are acceptable.
Finally, the type of synchronization between operators and RATs needs to be considered:
· LAA-LTE and Wi-Fi are asynchronous with each other. Compared to LTE system which is based on a 1 ms subframe structure, Wi-Fi is an asynchronous system where a node can transmit at once any time it successfully accesses the channel. 

· LAA-LTE is synchronous. For the scenario of single LAA-LTE operator, it is reasonable to assume synchronous system in system simulation. For inter-operator LAA-LTE co-existence, inter-operator synchronization is not required. So we assume asynchronous inter-operator LAA-LTE. 
Proposal 8: Intra-operator LAA-LTE co-existing transmitters are assumed synchronous. Inter-RAT LAA-LTE co-existing systems are assumed asynchronous in evaluations. Inter-operator co-existing systems are assumed asynchronous in evaluations.
4 Performance evaluation Metric

The deployment of component carriers for the macro and for the small cells on licensed bands are similar to that of the traditional CA-based HetNet or co-channel HetNet deployments studied since Rel-10. While the usage of these component carriers in the licensed bands needs to be considered for the operation of LAA, performance evaluations are not necessary for the licensed bands. Therefore it is proposed that the statistics of evaluations is only observed on unlicensed band.
According to [1] on RAN1 65 meeting, the metrics are suggested as:

‘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.’
RAN1 system-level evaluations provide the metrics of throughput and latency. Taking traffic model into account, the throughput and latency can be shown from served cell throughput (SCT) and user perceived throughput (UPT). SCT shows the cell throughput in MAC layer. UPT shows the latency for transmission. For example, the lower the UPT is, the larger the latency is.

 The SCT and UPT are defined as following respectively:

· Served cell throughput (SCT)
Not all the cells in the evaluation scenarios need to be aggregated in a single metric as in conventional system-level evaluations, because coexistence evaluations involve multiple operators networks. Therefore the metric of SCT is defined for each operator’s network: 

Served cell throughput = total amount of data for all users of single operator / total amount of observation time / number of cells single operator.


· User perceived throughput (UPT)
The metric of UPT is defined in [1]: 
UPT = the size of total burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst. 
Considering the co-existence aspects, the influence from opportunity of transmission needs to be considered. For example, the UPT of a UE should be zero if it has no opportunity to be served during the simulation time.

Typical 5-tail UPT, and average UPT are needed. 
· Outage ratio

Outage ratio is defined as the ratio of zero UPT within the entire user UPTs. The zero UPT is mainly caused by the transmission node without transmission opportunity during the simulation time, especially in high traffic load tradition.
Proposal 9: Operator SCT, UPT and outage ratio are adopted as performance metric for LAA-LTE study, where the statistics are only collected for component carriers in the unlicensed bands.
5 Conclusion

In this contribution, we discussed the deployment scenarios according to the new characteristics of LAA-LTE and presented some simulation assumptions and methodologies. Based on the discussion, we have the following proposals: 
· Proposal 1: LAA-LTE will be evaluated with carrier aggregation in deployments corresponding to outdoor or indoor small cells, where macrocells’ component carriers are only in licensed bands, and small cells have at least one component carrier co-channel with the macrocell in addition to component carriers in unlicensed bands. The PCC for all UEs is configured in the licensed band. The backhaul between macrocells and small cells is non-ideal.
· Proposal 2: Evaluation cases 1-5 in the table below will be simulated to assess the co-existence aspects of LAA-LTE in unlicensed bands.
	LAA-LTE evaluation cases 

	Evaluation case
	Operator A
	Operator B
	Note

	1
	LAA-LTE
	--
	calibration case

	2
	Wi-Fi
	--
	calibration case

	3
	Wi-Fi
	Wi-Fi
	Baseline

	4
	Wi-Fi
	LAA-LTE
	--

	5
	LAA-LTE
	LAA-LTE
	--


· Proposal 3: Channel sensing mechanisms will be modeled and evaluated.

· Proposal 4: Both single-carrier and multiple-carrier configurations on unlicensed band will be considered in the study.

· Proposal 5: Large-scale channel model between transmit nodes should be introduced.

· Proposal 6: Bursty buffer of FTP model 3 is used for DL transmission in DL-heavy scenarios.
· Proposal 7: Some basic features of LAA-LTE and Wi-Fi should be considered, especially for Wi-Fi, such as the CSMA/CA mechanism, AMPDU/AMSDU, rate control algorithm, but simplifications in modeling are acceptable.
· Proposal 8: Intra-operator LAA-LTE co-existing transmitters are assumed synchronous. Inter-RAT LAA-LTE co-existing systems are assumed asynchronous in evaluations. Inter-operator co-existing systems are assumed asynchronous in evaluations.
· Proposal 9: Operator SCT, UPT and outage ratio are adopted as performance metric for LAA-LTE study, where the statistics are only collected for component carriers in the unlicensed bands.
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Appendix A: General Simulation Assumptions
Based on the discussion of the deployment scenarios, the simulation should be based on DL without UL in unlicensed band transmission, taking into account the impact of co-existence and the channel sensing mechanism. Load based equipment (LBE) policy defined by ETSI [4] is employed by ULTE small cells in our assumptions as a dynamic channel sensing mechanism. Evaluation assumptions for Case 1 – Case 5 are presented in the following table.
Table 3 General simulation assumptions

	Parameters 
	LAA-LTE assumption
	Wi-Fi assumption

	Macro cell number
	Both 19cells x 3sectors per cell and 7cells x3sectors per cell can be used.

	System bandwidth per carrier
	Both 10MHz and 20MHz can be used.

	Carrier frequency
	5.8GHz

	Carrier number
	1 or 2

	Num. of cluster per Macro area
	Outdoor: 1,2 cluster per macro area

Indoor: 1 building per macro area.

	Num. of cell per operator per cluster
	Outdoor: 2,4 cells per cluster

Indoor: 1,2 cells per floor.

	Cell selection 
	UEs/Stations select the serving cell based on RSRP within single operator

	Pico/AP antenna configuration 
	2D, Omni-directional. 1T2R

	Cell antenna height
	10m for outdoor; 6m for indoor

	Pico and AP Tx power 
	20dBm
	

	Antenna gain excluding feeder loss

	5dBi
	

	UE antenna configuration
	2D, Omni- directional. 1T2R

	UE antenna height
	1.5m

	UE/Sta transmission power
	23dBm

	antenna gain excluding feeder loss

	0dBi

	Rx antenna distance
	0.5λ

	Tx and feedback mode 
	SIMO, with wideband CQI
	SIMO. No channel state feedback, MCS with OLLA

	Scheduler algorithm
	PF
	CSMA/CA-based

	CCA busy threshold
	If LBE is considered: 

-73 dBm/MHz + 23 - PH, PH specified in dBm EIRP
	-65/-62 dBm for 10/20 MHz for CCA-ED;

 -85/-82 dBm for 10/20 MHz for CCA-CS

	Length of extended CCA /CCA backoff 
	If LBE is considered: 1~32 CCA slots
	15~1023 slots

	Time slot
	If LBE is considered: 24us
	8us

	Max transmission time
	1ms; for LBT, 13ms
	Based on the size of A-MPDU/A-MSDU

	HARQ 
	retransmission with max 3times 
	NA

	Traffic model 
	BB. FTP2 with packet size of 0.5Mbyts. 
Low, median, high traffic load are needed.

	Metric
	SCT, UPT


Appendix B: Simulation cases
For the simulation cases, the following tables show the details:

Appendix B1: outdoor simulation cases
Table 4 simulation assumption for outdoor simulation cases
	Parameters 
	Case1~Case2
	Case3~Case5

	Outdoor Layout
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Case1: LAA-LTE+LAA-LTE;

Case2:Wi-Fi+Wi-Fi
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Case3:Wi-Fi+Wi-Fi;

Case4:Wi-Fi+LAA-LTE;

Case5:LAA-LTE+LAA-LTE

	Cluster dropping
	Uniformly drop within Macro area.
The minimum distance between Macro cell and cluster: 105m.

	Cell dropping
	NodeA (A1,A2) is  dropped uniformly within cluster area.

The minimum distance between LPN and LPN: 40m.

The minimum distance between LPN and UE: 5m.

The minimum distance between macro to UE:35m.

	
	--
	The minimum distance between cluster and cluster: 90meters.

NodeB(B1,B2) location:

(x_NodeB1,y_NodeB1) = (x_NodeA1+10m, y_NodeA1+10m);

(x_NodeB2,y_NodeB2) = (x_NodeA2+10m, y_NodeA2+10m);

	UE dropping
	10UEs are around cell within radius of 40m.

20UEs in totally per cluster.
	10UEs are around cell within radius of 40m.
40UEs in totally per cluster.

	Path loss
	Cell to UE/Cell to Cell: ITU UMi LOS/NLOS (Table B.1.2.1 [2]). 

	Penetration
	Table A.1.2 [3]

	Shadow fading
	Cell to UE/Cell to Cell: ITU UMi LOS/NLOS (Table B.1.2.1 [2]).

	Fast fading
	ITU UMi LOS/NLOS (Table B.1.2.1 [2]).

	Probability of LOS
	ITU UMi LOS/NLOS (Table B.1.2.1 [2])

	Correlation of Shadow fading between cells
	0


Appendix B2-1: indoor simulation cases-option1: indoor hotspot
Table 5 simulation assumption for indoor simulation cases

	Parameters 
	Case1~Case2
	Case3~Case5

	Outdoor Layout
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Case1: LAA-LTE+LAA-LTE;

Case2: Wi-Fi+Wi-Fi.
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Case3:Wi-Fi+Wi-Fi;

Case4:Wi-Fi+LAA-LTE;

Case5: LAA-LTE+LAA-LTE.

	Building dropping
	Uniformly drop within Macro area.
The number of building per macro area: 1building.

The minimum distance between macro to building center: 100m

	Cell dropping
	Assume the building center:(x,y) = (0,0);

NodeA1: (x,y) = (-30m, 0m);
NodeA2: (x,y) = (30m, 0m);

The minimum distance between Small cell to UE: 3m;

The minimum distance between macro to UE: 35m.

	
	--
	NodeB1 : (x,y) = (x_NodeA1 +10m,0)
NodeB2 : (x,y) = (x_NodeA2 +10m,0)

	UE dropping
	20UEs are dropped uniformly within building.
	40UEs are dropped uniformly within building.

	Path loss
	Cell to UE/Cell to Cell: ITU Inh LOS/NLOS (Table B.1.2.1 [2]).

	Penetration
	Table A.1.2 [3]

	Shadow fading
	Cell to UE/Cell to Cell: ITU Inh LOS/NLOS (Table B.1.2.1 [2]. 

	Fast fading
	ITU Inh LOS/NLOS (Table B.1.2.1 [2]. 

	Probability of LOS
	ITU Inh LOS/NLOS (Table B.1.2.1 [2]

	Correlation of Shadow fading between cells
	0


Appendix B2-2: indoor simulation cases-option2: indoor office
Table 6 simulation assumption for indoor simulation cases

	Parameters 
	Case1~Case2
	Case3~Case5

	Outdoor Layout
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Case1: LAA-LTE+LAA-LTE;

Case2: Wi-Fi+Wi-Fi.
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Case3:Wi-Fi+Wi-Fi;

Case4:Wi-Fi+LAA-LTE;

Case5: LAA-LTE+LAA-LTE.

	Building dropping
	Uniformly drop within Macro area.

The number of building per macro area: 1building.

The minimum distance between macro to building center: 100m

	Cell dropping
	Located as figures.
The minimum distance between Small cell to UE: 3m;

The minimum distance between macro to UE: 35m.

	UE dropping
	20UEs are dropped uniformly within building.
	40UEs are dropped uniformly within building.

	Path loss
	Cell to UE/Cell to Cell: WINNER II A1[5].

	Penetration
	WINNER II A1[5].

	Shadow fading
	Cell to UE/Cell to Cell: WINNER II A1[5].

	Fast fading
	WINNER II A1[5].

	Probability of LOS
	WINNER II A1[5].

	Correlation of Shadow fading between cells
	0


























































































































