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1 Introduction 

A new study item on “NR-Based Access to Unlicensed Spectrum” was approved in TSG RAN Meeting #77 [1], with the following objectives:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier.

At this stage of the study item, it is of primarily importance to define the simulation methodology for evaluating the coexistence between NR-unlicensed and the incumbent technologies. In RAN1#92 the following agreements were made concerning the simulation methodology [2]: 

	Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation

· NR-unlicensed simulation evaluation considers the following scenarios

· Indoor sub-7GHz, 2 operators

· Outdoor Sub-7 GHz, 2 operators

· Indoor mmW, 2 Operators

· Outdoor mmW, 2 operators

· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.

· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.

· Deployment scenarios to simulate

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios

· Note: Only unlicensed cell(s) is simulated.

· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 

· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)

· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)

· Fairness criterion for coexistence with 11ax can be further discussed at plenary level

· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)

· From SID: NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations

· Note: The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands

Agreement: The following network topologies are included in the evaluations:
· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results


In this contribution, we provide considerations related to the indoor deployment topology, and clarifications on outdoor small cell deployment for dense urban scenarios.
2 
Indoor Sub-7 GHz 
As the indoor deployment for sub-7 GHz has been agreed to be one of the scenarios that is considered for NR-unlicensed evaluation, it is important to select a proper model/topology for it. During RAN1 #92 [2], it has been agreed that one of the following options shall be selected: i) reuse 38.802 indoor hotspot topology and allocate half of the gNB to each operator (6+6); ii) reuse the model described in i) but with a reduced gNB density (3+3); iii) utilize a model based on IEEE indoor enterprise with some modifications.
While the indoor model described in [3] has been extensively used in 3GPP studies in which there are 12 total gNBs in an area of 120m x 50m. When evaluating the coexistence between NR-unlicensed with incumbent technologies it is imperative that the model is as realistic as possible, and able to model the well-known hidden-node problem. Motivated by this, simulations have been conducted to demonstrate that the 3GPP indoor hotspot model [3] is able to model scenarios where a node operating LBT is not be able to detect a significant fraction of ongoing transmissions due to low received power levels – this allows the possibility of modeling the hidden node problem.
Fig. 1 and 2 show the CDF of the RSRP evaluated for the 3GPP indoor hotspot model [3] under the assumptions provided in the Appendix 1 for both UL (Fig.1.a – Fig.2.a) and DL (Fig.1.b – Fig.2.b) when the open office and the mixed office LOS probability model [5] is assumed, respectively. 
In both Fig. 1 and Fig. 2, 8 curves are provided for both UL and DL, where each of them corresponds to different value of α, which is defined to be a scaling factor for the resizing the indoor floor dimensions: for instance, for α=1 the indoor floor has the original dimension provided in [3] of 120m x 50m, while for α=0.5 the indoor floor has a size which is scaled by 0.5 (60m x 25m). The inter-node distance is scaled proportionally. The number of nodes (gNBs, UEs) and the transmit power is unchanged with scaling. In both Fig. 1, and Fig. 2 the vertical lines delineate the energy detection (ED) threshold of -72 dBm chosen to enable fair co-existence between LTE LAA, and other incumbent technologies.
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a) RSRP for UL                                                                   b) RSRP for DL
Fig. 1 – CDF of RSRP parameterized by the resizing scaling factor α using the open office LOS probability model.
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Fig. 2 – CDF of the RSRP parameterized by the resizing scaling factor α using the mixed office LOS probability model.

Fig. 1 shows that for the 3GPP indoor hotspot model [3] using the open office LOS probability model ~80% of the links in UL and ~40% of the links in DL have RSRP below the ED threshold of -72dBm (at α=1), while Fig. 2 shows (as expected) that for the same topology using the mixed office LOS probability model the percentage of links that have RSRP below the ED threshold of -72 dBm for both UL and DL is higher, and equal to ~95% and ~60%, respectively (at α=1). 

In both Fig. 1 and Fig. 2 it is demonstrated that by appropriately scaling the size of the indoor floor for the 3GPP indoor hotspot model [3] it is possible to achieve a desired percentage of the links that are below -72dBm. 
Observation: The indoor hotspot model provided in TR 38.802 allows us to capture the hidden node problem. Furthermore, the model can be tuned by appropriately scaling the dimension of the indoor floor, such that a desired percentage of the links have RSRP below the ED threshold of -72dBm.

Proposal 1: For Sub-7 GHz indoor deployment, adopt 3GPP indoor deployment topology as is with 6 gNBs per operator. 
3 
Clarification on Small Cell Deployment in Outdoor Scenarios
During RAN1 #92 [2], it has been agreed to use NR dense urban deployment as the network topology for evaluations of outdoor scenarios at sub-7 GHz as well as mm-wave bands. The deployment will be based on two-tier network topology with both macro and micro nodes, while only the micro layer (small cell) may be considered for evaluation purposes. In this section, we provide a clarification on the small cell deployment for outdoor scenarios. To this end, we first describe the small cell deployment used in LTE Release 12 for Coordinated MultiPoint (CoMP) evaluations that is suitable for omni small cell deployments [6]. We then describe the new small cell deployment model which was adopted for LTE Release 14 FD-MIMO evaluations outlined in [7] which is suitable for directional small cell deployments.
3.1 
Small Cell Deployment for SCE Scenarios

In TR 36.874 [6], the evaluation assumptions for SCE scenario 1 and 2a were outlined. For the case of heterogeneous outdoor deployments with multiple layers, the macro layer was deployed in a standard hexagonal grid with 3 sectors per site. The micro layer deployment was based on a clustered model as follows:

1. Small cell cluster centers were dropped uniformly at random within the macro cell area
2. A total of 4 or 10 small cells per small cell cluster were dropped uniformly at random within the cluster area defined by a circle of radius 
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3. UE Dropping is performed as follows:

a. 2/3 UEs randomly and uniformly dropped within the clusters. The UEs dropped within a radius of 
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b. 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
c. 20% UEs are outdoor and 80% UEs are indoor.
	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster centre: 105m

	
	Macro – UE: 35m

	
	Cluster centre – cluster centre: 2*radius for small cell dropping in a cluster


The small cell deployment along with minimum 2D distance considerations for SCE scenarios 1 and 2a are shown in Fig. 2. 
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Fig. 3 – Illustration of Heterogeneous Dense Urban Deployment for SCE Scenarios 1 and 2a [5].
3.2 
Small Cell Deployment for FD-MIMO and 5G NR
The small cell deployment was updated for the case of FD-MIMO evaluations and the same deployment was adopted for 5G NR [7]. In TR 36.897 [7], the deployment of heterogeneous two-tier networks is outlined for dense urban deployment scenario 4, 5 and 6. The macro layer is deployed in a standard hexagonal grid with 3 sites per TRP and an inter-site distance of 
[image: image7.wmf]500

ISD

M

=

m. The micro layer or small cell deployment is then performed as follows:
1. 
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cluster-centers are dropped per macro cell geographical area. The small cell centers are dropped uniformly at random around the small cell cluster-centers within a radius of
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. The deployment is such that the minimum distance between any two the small cell centers is at least 
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m are chosen for dense urban deployment [6]. Furthermore, the minimum distance between macro node and small cell cluster center is 
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2. If the number of small cell cluster centers,
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3. The small cell antennas are now dropped on the area circle with radius of
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, with each antenna having its planer facing toward its small cell center.

4. The UE deployment is identical to the case of SCE scenario. Each UE must have a minimum separation from the macro cell of 
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An illustration of the deployment is provided in Fig. 3, where the blue triangle represents the macro cell, the yellow dots are the cluster-centers, the blue dots are the small cell centers, the green triangles are the small cells antennas, the red arrow points out the direction of the antenna planer, and the black rectangle represents a UE. 
Fig. 4 – Illustration of Heterogeneous Dense Urban Deployment Scenario 4-6 [7].
4 Conclusions

In this contribution, we discussed some considerations for the design of NR-U technologies, and the following proposals and observations were derived:

Observation: The indoor hotspot model provided in TR 38.802 is able to capture the hidden node problem. Furthermore, the model can be tuned by opportunely scaling the dimension of the indoor floor, such that a desired percentage of the links has RSRP below the ED threshold of -72dBm.

Proposal 1: For Sub-7 GHz indoor deployment, adopt 3GPP indoor deployment topology as is with 6 gNBs per operator. 
Additionally, we have provided description of outdoor small cell deployments for dense urban scenarios that are suitable for omni small cell deployments and directional small cell deployments
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Appendix A
In this section, the system-level simulation assumptions used to generate Fig. 1 are provided in Table I.
Table I – Simulation assumptions
	Parameters
	Indoor hotspot value

	Layout
	Single layer:
Indoor floor(12 BSs per 120m x 50m)

Candidate TRP numbers:12

	Inter-BS distance
	20m

	Channel model
	5g-InH

	BS Tx power 
	18 dBm

	UE Tx power
	18 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m

	BS receiver noise figure
	5dB

	BS antenna gain
	5dBi

	UE antenna configurations
	(M, N, P, Mg, Ng)  = (1, 1, 1, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE receiver noise figure
	9dB

	UE antenna gain
	0 dBi

	RSRP evaluation
	As specified in 3GPP TR 36.873
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