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1. Introduction

At the RAN#65 meeting, the study item for Licensed-Assisted Access using LTE (LAA) [1] was agreed upon. It is suggested that the study objective should focus on the following areas.
1) 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. [RAN1]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· 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. [RAN1, RAN4]

3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
4) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
5) Assess the feasibility of base station and terminal operation of 5GHz band (based on regulatory limits) in conjunction with relevant licensed frequency bands. [RAN4] 

In this contribution, we discuss deployment scenarios and evaluation assumptions for LAA. 
2. Possible LAA Deployment Scenarios
In [1], LAA using LTE by means of carrier aggregation is suggested for study. We consider that LAA through CA operation has the following advantages. 
· CA actualizes the tightest interworking between licensed and unlicensed bands, e.g., unified node to control wireless resource, improving system-level performance. 
· Specification impact will be minimized focusing on CA scenarios since the specification for CA has been well established since Rel-10.
One of the targets for this study is to design LAA using LTE in the context of CA scenarios that improves the system-level performance compared to the existing wireless technologies operated in an unlicensed band. CA scenarios are captured in [2] in Rel-10. Also, in Rel-12, small cell deployment scenarios were intensively discussed and details regarding small cell scenarios and evaluation assumptions are well summarized in [3]. Such small cell deployment scenarios also include the CA scenarios, and thus those CA scenarios could be the good starting point for study. Specifically following aspects can be considered to identify the deployment scenarios for LAA. 
· Only low power node, i.e., small cell, due to regulatory requirements

· Co-located or non-co-located with licensed LTE cell
· Indoor or outdoor deployments
· Sparse or dense deployments
· Single operator or multiple operators deployment on the same frequency carrier

· Number of available frequency carriers for LAA in unlicensed band

The common design of LAA deployment scenarios for evaluation is shown in Figure 1. Similar to the small cell deployment studied in Rel. 12, LAA small cells may be deployed as a cluster to cover a high traffic area. Within an operator, an inter-cell coordination can be considered. Different operators have separate licensed carriers and may use the same unlicensed carrier without any coordination.
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Figure 1. Common design of LAA deployment scenarios for evaluation
In LAA using LTE, there are some other aspects that need to be considered further, i.e., coexistence of various types of transmission points (TPs) or access points (APs) operated in the same unlicensed band. More specifically, we should take into account coexistence among LAA TPs and Wi-Fi APs (inter-RAT coexistence) and that among LAA APs deployed by different operators (intra-RAT coexistence). Possible interferences in unlicensed band is shown in Figure 2. In any cases, for the inter-RAT coexistence, un-synchronized deployment scenario is assumed. Thus, the mechanism to realize the fair coexistence with other RAT, e.g., listen-before-talk (LBT) based on energy detection, should be studied. Possible deployment scenarios in unlicensed band for evaluation are discussed in Section 2 of [4]. Another possible mechanism is to separate spectrum usage between LAA and Wi-Fi via dynamic frequency selection (DFS) function. 

On the other hand, the following scenarios are further considered for intra-RAT coexistence from viewpoint of synchronization. 
· Scenario #1: Unsynchronized within an operator and among operators 
· Scenario #2: Synchronized within an operator but unsynchronized among operators
· Scenario #3: Synchronized within an operator and among operators
The performance of LAA would be highly affected by above level of synchronization among LAA TPs. If tight synchronization can be assumed, i.e., Scenarios #2 and #3, intra-RAT interference can be better handled. For instance, it is possible to suppress intra-RAT interference by the NW coordination among LAA TPs such as ICIC and CoMP. It would be also possible to cancel dominant interference by advanced receiver assuming synchronized LAA TPs even among operators in Scenario #3. We note that the NW assistance information would be provided through LTE in licensed band. On the other hand, if any synchronization can’t be assumed as in Scenario #1, intra-RAT interference must be handled by LBT based on cross-correlation detection. 

Proposal 1: Usage scenarios that can maximize LAA performance, e.g., intra-operator and/or inter-operator synchronized scenario, should be considered.
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Figure 2. Possible interferences in unlicensed band
3. Evaluation Assumptions and Methodologies  
Based on the discussion in Sect. 2, we listed some principle to determine the detailed evaluation assumption. 

· Almost assumptions in SCE scenario 2 can be reused 
Since LAA is usually considered to be deployed in a small cell, the simulation assumptions for SCE scenario 2 could be reused, e.g., SCE scenario 2a considering the outdoor deployment of LAA and Wi-Fi. For fair comparison with Wi-Fi, throughput performance in SCell layer, i.e., unlicensed band, should be evaluated.
· Inter-operator LAA coexistence should be modelled
The situation of multiple LAA operators, which operating in the same channel, should be modeled. Due to no cell planning between operators, the minimum distance between small cells of different operator could be 0 m or very short distance compared with the distance between intra-operator small cells that are well-planned. 

· Co-existence with Wi-Fi should be modelled 

Currently, Wi-Fi is the widely deployed system in un-licensed band. Evaluation assumption of LAA should target on the coexistence with Wi-Fi. Wi-Fi system performance should be evaluated based on latest IEEE 802.11ac specification. Furthermore, CSMA/CA mechanism of Wi-Fi should be implemented in the granularity of 8 us. In that case, the effectiveness of LBT procedure of LAA could also be evaluated correctly.  
· Both co-channel coexistence and multi-channel coexistence scenarios should be studied
As discussed in [4], actually there are multiple frequency channels in unlicensed band, the co-channel coexistence with other unlicensed spectrum deployments may occur. Therefore, the co-channel coexistence scenario should be studied as a kind of worst case while the multi-channel coexistence should also be evaluated to see the realistic performance of coexisting systems.
Proposal 2: RAN1 should confirm following principle to determine LAA evaluation assumptions.
· Assumptions for SCE scenario 2 are reused as much as possible.

· Inter-operator coexistence should be modelled so that inter-operator interference is severer than intra-operator interference due to no coordination for planning/deployment.

· Wi-Fi based on CSMA/CA should be precisely modelled with fine time granularity such as 8 us.
· Both co-channel coexistence and multi-channel coexistence scenarios should be studied.
In this section, we provided out considerations on the simulation assumptions for small cell and Wi-Fi, as well as the methodology of Wi-Fi modeling. 
Evaluation assumption for LAA small cell and Wi-Fi
Proposed evaluation assumptions are shown in Table I.

Wi-Fi modelling methodology 

· 802.11ac link performance [5] 
In order to actually evaluate the system throughput performance of Wi-Fi, link performance of 802.11ac should be used for Wi-Fi with the MCS levels captured in the specification of 802.11ac. 

· Time granularity for CSMA/CA procedure [5] 
CSMA/CA mechanism is used by Wi-Fi for carrier sensing and collision avoidance. The procedure is showed in the Figure 3. The DIFS, random back off and length of transmission frame is countered in granularity of a Wi-Fi slot time, e.g. 8 us. In LAA evaluation, using the fine granularity such as 8 us for CSMA/CA of Wi-Fi is necessary to precisely model the interference between Wi-Fi APs and between Wi-Fi and LAA, and to model the arrival and departure time of packet. Although, considering the simulation complexity, methodology of accurate modeling with low complexity can also be considered. 
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Figure 3. CSMA/CA procedure of Wi-Fi
· Maximum continuous transmission time 

In unlicensed band, the maximum continuous transmission time is in a range of 1ms to 10ms in different region in the world. Although in real operation, the time is configurable to satisfy the regulation; for the evaluation, it is better to fix to 4ms or 10ms. 
· UL transmission modeling
Since Wi-Fi uses the same frequency channel for both DL and UL, the mutual impact between LAA and Wi-Fi DL/UL should be studied even if DL only LAA is assumed. For example, the LBT at LAA small cell would be affected by Wi-Fi UL transmission as well as Wi-Fi DL transmission. However, since there is no big difference between Wi-Fi STA and Wi-Fi AP in terms of CSMA/CA procedure, the impact of DL/UL transmissions in Wi-Fi to LAA may not be so different from that of DL only transmissions in Wi-Fi. Therefore, the UL transmission modeling for Wi-Fi is FFS and the necessity of UL transmission modelling in DL throughput evaluation should be investigated.
Table I. System level evaluation assumptions
	
	LAA small cell
	Wi-Fi

	Layout
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LAA small cells and/or Wi-Fi APs are deployed in the same cluster. 

Clusters uniformly random within macro geographical area; small cells and/or Wi-Fi APs uniformly random dropping within cluster area. 

Hexagonal grid, 3 sectors per site, case 1Both 19 Macro sites and 7 Macro sites can be used.
Macro layer is not counted for the throughput evaluation. 

	Bandwidth 
	20MHz per carrier, single unlicensed carrier

[Optional: multiple unlicensed carriers]
	20MHz per channel, single channel 

[Optional: multiple channels]

	Carrier frequency 
	5.0GHz 

	Total BS/AP TX power (Ptotal per carrier)
	23dBm  

	Distance-dependent path loss
	ITU Umi [referring to Table B.1.2.1-4 in TR36.814] with 3D distance between an eNB and a UE applied
Working assumption is that 3D distance is also used for:

break point distance

LOS probability
	Same as LAA small cell 

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)
	Same as LAA small cell

	Shadowing
	ITU UMi[referring to Table B.1.2.1-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance
	Same as LAA small cell

	Antenna pattern
	2D Omni-directional is baseline; directional  antenna is not precluded
	Same as LAA small cell

	Antenna Height: 
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	MIMO
	SU-MIMO up to 2 streams 

	Number of clusters/buildings per macro cell geographical area
	1

[Optional: 2]

	Number of operators per cluster
	Scenario A1: 1 Wi-Fi operator

Scenario A2: 1 LAA operator

Scenario B1: 2 Wi-Fi operators

Scenario B2: 2 LAA operators

Scenario B3: 1 Wi-Fi operator and 1 LAA operator

Other scenarios are not precluded

	Number of small cells/Operator/APs per cluster
	2
[Optional: 4]

	Number of small cells/APs per Macro cell
	[2,4]*Number of operators per cluster*Number of clusters per macro cell geographical area
	[2,4]*Number of operators per cluster*Number of clusters per macro cell geographical area

	Number of UEs 
	30 UEs per macro cell geographical area are recommended when FTP model 3 is used

	UE dropping
	100% UEs randomly and uniformly dropped within the 20 m radius area from the small cells / APs. 20% UEs are outdoor and 80% UEs are indoor.
UEs associated with different operators are dropped independently.

	Radius for small cell/AP dropping in a cluster
	50 m

	Minimum distance (2D distance)
	Minimum distance between small cells / APs: 20 m (same operator), 0 m (different operator)

	
	Minimum distance from UE to any small cell / AP: 5 m

	
	Macro –small cell cluster center: 105m

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814 
Alternative (should be used when evaluating techniques where uneven load with larger time scale needs to be addressed): 
FTP Model 3: 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
Baseline: 0.5 Mbytes file size for DL traffic.
The offered traffic is generated per macro cell geographical area when FTP model 1 is used.
UL traffic model for Wi-Fi (and LAA in case of having both DL/UL in unlicensed band) is FFS.

	UE receiver
	MMSE-IRC as baseline; MMSE is optional 

	UE noise figure
	9dB

	UE speed
	3km/h

	Transmission and re-transmission
	HARQ with max 3 times re-transmission
	Max 4 ms continuous transmission

ACK for each 1.5 kbyte packet

	Multiple access 
	OFDMA
	CSMA-CA 

	Listen before talk mechanism
	Baseline: -62 dBm

Optional: other values 
Detailed mechanism is up to proponents
	-82 dBm threshold for Wi-Fi devices

-62 dBm threshold for other RAT devices

Backoff time as specified in Wi-Fi spec.

	Cell selection criteria
	Best RSRP cell selection among small cells/APs of the same operator

0 dB handover margin

	Network synchronization
	Intra-operator small cell:

Baseline is synchronized
Inter-operator small cell: 

Baseline is unsynchronized, synchronized is optional 

Inter-RAT:

Baseline is unsynchronized

	Backhaul assumptions
	Intra-operator small cell: Ideal backhaul is assumed 

Inter-operator small cell: no backhaul  

	Performance metrics
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 


4. Conclusion 

In this contribution, we discussed the deployment scenarios and evaluation assumptions for LAA. Our proposed evaluation assumptions and methodologies were summarized in Section 3.
Proposal 1: Usage scenarios that can maximize LAA performance, e.g., intra-operator and/or inter-operator synchronized scenario, should be considered.
Proposal 2: RAN1 should confirm following principle to determine LAA evaluation assumptions.
· Assumptions for SCE scenario 2 are reused as much as possible.

· Inter-operator coexistence should be modelled so that inter-operator interference is severer than intra-operator interference due to no coordination for planning/deployment.

· Wi-Fi based on CSMA/CA should be precisely modelled with fine time granularity such as 8 us.
· Both co-channel coexistence and multi-channel coexistence scenarios should be studied.
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