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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 this study item, it is of primarily importance to define the simulation methodologies to utilize when evaluating the coexistence between NR-unlicensed and the incumbent technologies. In this matter, during the previous meeting, the following agreements were made concerning the network topology models to use [2]: 

	Agreement:
· For sub7 outdoor simulation evaluation:

· Select one of the following for the Outdoor sub-7 GHz scenario

· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR

· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)

· Independent dropping between two operators

· Use the NR current [57.9] meters intra-operator minimum distance

· Use [10] meters as the inter-operator minimum distance

· UE randomly dropped within [28.9] meters within the serving cell

· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1

· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 

· The minimum inter-gNB distance is [10] meters

· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center

· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible
Agreement:
· For sub7 indoor simulation evaluation:

· Scenario: Option 2 (3+3) with indoor mixed office model

· Target to reach 10%-15% serving links below -72dBm

· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.

· Currently a-b-a=15-20-15

· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20

· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20

· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following:
Parameters

Indoor Sub-7GHz

Carrier Frequency

5GHz

Carrier Channel Bandwidth

20MHz baseline , 80MHz optional

Number of carriers

1

Number of users per operator
5 per gNB per 20MHz

SCS

To be reported together simulation results

Channel Model

NR InH Mixed Office model

BS/AP Tx Power

23dBm (total across all TX antennas)

UE/STA Tx Power

18dBm (total across all TX antennas)

BS/AP Antenna gain

0dBi   

UE/STA Antenna gain

0 dBi

BS/AP Noise Figure

5dB

UE/STA Receiver Noise Figure

9dB

Minimum received power from serving cell for UE dropping

-82dBm

UE receiver

MMSE-IRC as the baseline receiver

BS/AP antenna Array configuration

(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

UE/STA antenna Array configuration

Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

Traffic model

Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

UE/STA to UE/STA link pathloss model

Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

gNB to gNB link pathloss model

Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

Agreement:
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell

· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)


In this contribution, we provide considerations related to the indoor model for sub-7 GHz band, and outdoor small cell deployment scenarios.
2 
Indoor Sub-7 GHz 
It is important to select a proper model for indoor deployment topology for sub-7 GHz as it is expected that indoor sub-7 GHz will be under main consideration for NR-unlicensed coexistence evaluation. During the previous RAN1 #92bis meeting [2], it has been agreed to reuse the model described in TR 38.802 for indoor hotspot topology with necessary modifications, where half of the base station nodes are allocated to each operator for a total of six nodes. An illustration of the topology is provided in Fig. 1. 
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Figure 1 – Illustration of the indoor topology to use for Sub-7 GHz
It was also agreed to tune this model such that between 10% and 15% of the serving links have a RSRP below the energy detection (ED) threshold of -72 dBm, chosen to enable fair co-existence between LTE LAA, and other incumbent technologies. The motivation behind this is to ensure that this model while relatively simple is able to provide a close representation of a real deployment by for instance correctly capturing the effect of the well-known hidden node. For this reason, it was agreed to consider different layout in terms of the inter-distance among the nodes belonging to different operators (as illustrated in Fig. 1  d and b are the x-axis inter-distance and y-axis inter-distance among the nodes belonging to different operators, respectively), the size of the indoor floor, and the distances between the nodes and the perimetral walls of the floor (as illustrated in Fig. 1  c and a are the x-axis distance and y-axis distance between the nodes and the perimetral walls of the floor, respectively). In particular, the following options were selected for evaluation: (a,b,c,d) = (10,20,20,40) meters, (a,b,c,d) = (15,30,20,40) meters, (a,b,c,d) = (20,40,20,40) meters, and (a,b,c,d) = (25,50,50,25) meters. 

Fig. 2 provides the cumulative density function of the RSRP for the serving links computed over the whole carrier channel bandwidth of 20 MHz, under the assumptions that have been agreed during previous RAN1 #92bis [2]. In the scenarios simulated in Fig. 2, shadow fading is considered where its standard deviation is assumed to be 8.03 dB for NLOS links, and 3.0 dB for LOS links. Furthermore, in order to capture the sensitivity of the energy detector, all the devices that have an RSRP below -82dB are redropped. 
[image: image2.png]Cdf of x

100

%

80

70

60

50

40

EY

20

10

-100

9 80 70 60 50 40 30 20
X (RSRP in dBm)




Figure 2 – Statistics of the RSRP for the serving links for different layouts.

As expected, Fig. 2 highlights that the percentage of the serving links that have an RSRP below a certain value increases as the low power nodes are deployed farther apart. Fig. 2 also shows that the percentage of serving links that have an RSRP below the ED threshold of -72 dBm is: i) 5.7% when (a,b,c,d) = (10,20,20,40), 6.9% when (a,b,c,d) = (15,30,20,40), 11.2% when (a,b,c,d) = (20,40,20,40), and 21.2% when (a,b,c,d) = (25,50,50,25). Based upon this results, it is noticed that the configuration (a,b,c,d) = (20,40,20,40) is able to satisfy the target of 10-15% probability that the RSRP for the serving links is lower than the ED threshold of -72dBm.
The above conclusion have been agreed during the email discussion following RAN1 92bis. 
3 
Small Cell Deployment in Outdoor Scenarios
During RAN1 #92 [3], it has been agreed to use the NR dense urban deployment as the network topology for evaluations of outdoor scenarios at sub-7 GHz as well mm-wave bands. The deployment will be based on two-tier network topology with both macro and micro nodes, with only the per-operator randomly dropped micro layer (small cell) being considered for evaluation purposes. During RAN1 #92bis [2], it was agreed to select one among the following options for sub-7 GHz outdoor evaluation:
· Option 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum distance between gNBs as in NR

· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)

· Independent dropping between two operators

· Use the NR current [57.9] meters intra-operator minimum distance

· Use [10] meters as the inter-operator minimum distance

· UE randomly dropped within [28.9] meters within the serving cell
· Option 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1

· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 

· The minimum inter-gNB distance is [10] meters

· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center

Option 1 is an established model that has been extensively used in 3GPP since Release 12 small cell study. It can be also expected that the model had been chosen with relevant discussions at that time to more realistically model actual small cell deployments. If option 2 is considered, a discussion is necessary to validate if the model well reflects real deployments. However, considering the load of work that this study item requires for its completion and the timeline, it is not preferable to select option 2. 
For option 2, the operators’ base stations have a higher likelihood to be deployed closer to each other as the deployment of the operators’ base stations are dropped within a circle of radius [10] meters. On the other hand, in option 1, the dropping between operators is independently done. Under option 2, if the system operates in a TDM’ed manner, it is very unlikely that a hidden node is observed. Furthermore, given that the channel selection could be performed by each operator such that a channel that is used by the other operator network in close proximity is avoided, option 1 might be more practical than option 2. Based on the above discussion, our preference is to use option 1. 
Proposal 1: For sub-7 GHz band outdoor simulation evaluations, select option 1. 
4 Conclusions

In this contribution, the following proposal is made:
Proposal 1: For sub-7 GHz band outdoor simulation evaluations, select option 1.
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