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1 Introduction 
With continuous RAN1 technical discussions on LAA as summarized in [1], [2], [3], RAN4 is expected to kick off the relevant discussion within its scope. 
In this contribution, we provided the LAA coexistence scenarios for RAN4 to kick-off the LAA coexistence simulation campaign. This is the objective of LAA SI below [4]: 
2(c)     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+WiFi 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]

2 Discussion 
Licensed-Assisted- Access (LAA) enables the existing LTE/LTE-A system to operate at the unlicensed spectrum of 5 GHz range. As a first step, the LAA mode of operation is to configure unlicensed Scell (U-Scell) as the supplement carrier to the licensed carriers (PCell), i.e. Supplementary Downlink (SDL) mode. 
Potentially many deployment scenarios could exist for LAA system, for instance, LAA system can be deployed for targeted usage such as in public and private infrastructure. Due to the presence of WLAN/WiFi system in the unlicensed spectrum, LAA system needs to coexist with WLAN/WiFi system. Further detailed analysis of coexistence and interference level of LAA+WiFi deployment can be found in [6].

In RAN1#78bis and RAN1#79, 2 LAA+WiFi coexistence scenarios have been agreed [5]. The agreed scenarios are based on the SCE scenario 2a and 3 as described in [6]. Scenario 2a is the adjacent channel HetNet scenarios, with the topology given as macrocell layer at F1 and small cells layer at F2. Scenario 3 is the indoor small cells deployment scenario where no macrocell layer is present. These two scenarios are extended to enable the small cell base stations to transmit downlink data over the unlicensed carrier(s). For simplicity, we denote the two agreed LAA+WiFi scenarios as 

· Scenario 2a-U – Small cells Scenario 2a + unlicensed deployment
· Scenario 3-U – Small cells Scenario 3 + unlicensed deployment.

2.1 Scenario 2a-UThis is a HetNet outdoor scenario [7] where macrocell layer is deployed in licensed carrier, F1, and small cells layer is deployed in unlicensed carrier, F3. The network topology is illustrated in Figure 1. 


[image: image1.emf]Macro Node

Distance between cluster and 

macro node

R

1

Cluster 1

D

m

a

c

r

o

-

c

l

u

s

t

e

r

R

2

R

1

: radius of small cell dropping within a cluster;

R

2

: radius of UE dropping within a cluster

[image: image2.png]Scenario 1

Scenario 3

-

P Ucensed
camier

Figure 6-1: LAA deployment scenarios~




Figure 1: LAA+WiFi Scenario 2a-U topology
From Figure 1, the radius R1 and R2 value in is typically 50 m and 70 m, respectively. Within LPN cluster radius of 50m, the pico nodes are uniformly dropped. Within LPN cluster radius of 70m, the LPN UEs are uniformly dropped. The density of UEs can be calculated based on the parameters:
· 4 small cells per macro per operator
· 10 UEs per macro per operator
· 21 macrocells per operator
Note that two operators’ networks are simulated in an uncoordinated manner. 

Therefore, total number of UEs is 210 per operator. Those UE(s) attached to macrocell layer are not evaluated. The number of unlicensed carrier can be set to 1. In order to simulate LBT, the CCA threshold can be set to -62 dBm, which corresponds to the WiFi CCA threshold, for CCA energy detection scheme. 
Scenario 2a-U is based on Scenario 2a in TR 36.889 [8], most of the system parameters from [8] can be reused. LAA- and WiFi- specific system parameters are given in Appendix 1 and 2. 

For simulation outputs and/or performance metrics, RAN1 has agreed to use the user perceived throughput (UPT) and latency. However, for RAN4 coexistence evaluation purpose, it is also proposed to consider the performance metrics in TR 36.942 [9].   

2.2  Scenario 3-U
In this scenario, small cells are deployed in the indoor environments. No macrocell layer is considered in this scenario. Two small cell layers are created (each corresponds to an operator, with carrier frequency F2 and F3). Figure 2 illustrates the network topology.  
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 Figure 2: LAA+WiFi Scenario 3-U topology
From Figure 2, 4 small cells (X=4) are deployed by each operator in the single-floor building. The small cells of each operator are equally spaced and centred along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centred along the longer dimension of the building. The minimum distance between small cells of different operators is 3 m. 
Similarly, the system parameters for Scenario 3-U can be based on [8], and Appendix 1 and 2. 
Both scenarios consider DL-only operation since RAN1 has not finalised the DL+UL LAA coexistence simulation assumptions. 
Proposal: RAN4 to agree on the baseline scenarios (Scenario 2a-U and 3-U) to kick-start the RAN4 coexistence simulation campaign. 

3 Conclusion 
In this contribution, we provided the LAA coexistence scenarios for RAN4 to kick-off the LAA coexistence simulation campaign. We propose that
Proposal: RAN4 to agree on the baseline scenarios (Scenario 2a-U and 3-U) to kick-start the RAN4 coexistence simulation campaign. 
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Appendix 1: LAA-specific system parameters

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized. 

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

Optional: include 256QAM (should be the same as for Wi-Fi)

	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
	-62

	Cyclic Prefix
	Normal


Appendix 2: WiFi-specific system parameters

	Parameter
	Value

	MCS
	802.11ac MCS table without 256QAM 

	Antenna configuration


	2Tx2Rx in DL, Cross-polarized 

STBC

	Channel coding
	BCC

Optional: LDPC code

	Frame aggregation
	A-MPDU

	MPDU size
	[TBD]

	Max PPDU duration
	Baseline:< 4 ms 

(Asynchronous to LTE timing)

Company should state assumptions if assumed otherwise

	MAC
	Coordination
	DCF

If VoIP users are included, EDCA can be used

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy- & preamble- based detection

	
	RTS/CTS
	Enable

	
	Contention window
	Per DCF



	CCA-CS
	-82dBm with preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED 
	-62dBm

	Model ACK (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic only for DL-only LAA coexistence evaluation

	Rate control
	Implementation specific; should state assumption when reporting results

	Channel selection
	Implementation specific; should state assumption when reporting results

	OFDM symbol length
	4 (s
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