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A study item has been approved for the feasibility of using NR in unlicensed spectrum in RAN#75 [1]. Work is expected to start this year. An informal workshop on NR for unlicensed and shared spectrum was held in San Diego in Oct, 2017. Subsequently, an email discussion was conducted to discuss deployment scenarios, spectrum candidates and simulation scenarios. In this contribution we describe simulation scenarios which would be useful to develop and test important functionality in NR-U. 
Discussion
Outdoor hotspot
Outdoor hotspot is an important scenario to consider for mobile traffic offload. Coexistence of NR-U LAA with NR-U LAA, LTE LAA / Wi-Fi as well as NR should be studied. The latter is needed to study spectrum sharing with different priorities of channel access. For example, in the case where one operator has highest priority (licensed) access, while another has lowest priority (generalized) access. Two operators with equal and unequal number of randomly placed nodes should also be considered to assess the impact of node density on spectrum sharing. Bands for evaluation include 3.5 and 5 GHz. Three scenarios for coexistence utilizing these bands are described below
[image: ]
NR-U LAA vs NR-U LAA 
Network A
· NR-U LAA Pico
· Licensed carrier: 2 GHz
· Unlicensed carrier: 3.5 GHz
Network B
· NR-U LAA Pico
· Licensed carrier: 2 GHz (orthogonal to Operator A)
· Unlicensed carrier: 3.5 GHz
Scenario based on TR36.889 Scenario A.1.2, except for the following:
· Channel model: 5GCM UMa and UMi
· BS antenna array configuration: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
· UE antenna array configuration: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
· Tx powers: max allowed by regulation or same as for 5 GHz in absence of regulation
· Component carrier BW unlicensed: FFS 
· Number of carriers: FFS
· Radius of SC and UE drop within cluster: 90 m, 125 m, resp.
· Min distances: 40 m SC to SC, 10 m inter-operator SC to SC, 190 m macro to SC cluster
· Number of nodes of Network (A,B): (4,4), (4,2), (4,0)

NR-U LAA vs LTE LAA / Wi-Fi
Network A
· NR-U LAA Pico
· Licensed carrier: 2 GHz
· Unlicensed carrier: 5 GHz
Network B
· LTE LAA Pico / Wi-Fi
· Licensed carrier: 2 GHz (orthogonal to Operator A)
· Unlicensed carrier: 5 GHz
Scenario based on TR36.889 Scenario A.1.2, except for the following:
· Channel model: 5GCM UMa and UMi
· BS antenna array configuration: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
· UE antenna array configuration: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
· Tx powers: max allowed by regulation
· Component carrier BW unlicensed: 20 MHz 
· Number of carriers: FFS
· Radius of SC and UE drop within cluster: 90 m, 125 m, resp.
· Min distances: 40 m SC to SC, 10 m inter-operator SC to SC, 190 m macro to SC cluster
· Number of nodes of Network (A,B): (4,4), (4,2), (2,4)

· Proposal 1	Consider outdoor hotspot for coexistence of NR-U LAA with NR-U LAA and LTE LAA / Wi-Fi.
Backhaul

Given the availability of a significant amount of spectrum suitable for P2P communications in 60 GHz, the use of this band for backhaul purposes should be studied [2]. A coexistence scenario for this use is described below.
[image:  Macro antenna base station without microwave .png][image:  Macro antenna base station without microwave .png]NR-U P2P vs NR-U P2P 
Network A
· NR IAB Pico
· Backhaul carrier: 60 GHz
· [image:  Macro antenna base station without microwave .png][image:  Macro antenna base station without microwave .png]Network B
· NR IAB Pico
· Backhaul carrier: 60 GHz
Scenario:
· Manhattan grid [4] 
· Node locations and distances: FFS 
· Channel model: Refer to [5] 
· Antenna array configuration: (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ
· Tx powers: as allowed by regulation for P2P links
· Channel BW: 800 MHz
· Traffic model: FTP Model 3
· Donor node / IAB node ratio: 1/4
· Performance metrics: Throughput, Latency, Outage

Proposal 2	Consider outdoor small cell backhaul for NR-U coexistence
Indoor office / enterprise

Since indoor office / enterprise is a good candidate for use of unlicensed spectrum, it should be considered as a simulation scenario. There is not much difference between an office and enterprise environment, so a single scenario may capture the essence of both environments. Two operators with equal and unequal number of uniformly placed nodes should be considered for sharing 3.5 GHz band.
Indoor NR-U LAA vs NR-U LAA
[image: ] Network A
· NR-U LAA Indoor Picos (odd nodes)
· Licensed carrier: 2 GHz
· Unlicensed carrier: 3.5 GHz
Network B
· NR-U LAA Indoor Pico (even nodes)
· Licensed carrier: 2 GHz  
· Unlicensed carrier: 3.5 GHz
Scenario based on [6] with two operators
· BS antenna array configuration: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
· UE antenna array configuration: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
· Tx powers: max allowed by regulation or same as for 5 GHz in absence of regulation
· Component carrier BW unlicensed: 20, 80 MHz 
· Number of carriers: FFS

Proposal 3	Consider indoor office / enterprise scenario for NR-U coexistence
Stadium 

Stadium represents a scenario where user density is very high and the traffic is uplink-dominated. It is quite attractive for an operator due to many reasons, including shortage of licensed spectrum to accommodate venue’s short-term requirements, providing enhanced customer experience, and availability of unlicensed or shared spectrum in collaboration with the venue owner. The following scenario is proposed for coexistence evaluations. 
NR-U DC vs NR-U DC 200 m
10 m
140 m
3 m above level
80 m
Seating Height:
5, 25, 45 m
500 m
30 m
10 m

Network A
· NR-U DC b/w Macro and Pico
· Licensed carrier: 2 GHz on Macro
· Unlicensed carrier: 3.5 GHz on Pico 
Network B
· NR-U DC b/w Macro and Pico
· Licensed carrier: 2 GHz (orthogonal 
· to Operator A) on Macro
· Unlicensed carrier: 3.5 GHz on Pico
Scenario based on a professional football 
Stadium:
· Stadium divided into 3 rows of elevated seating
· 3 macro cells on hex grid at 500 m ISD for traffic in parking lot and surrounding areas
· Collocated for operators A and B
· 3 pico cells per operator per row of seating for traffic in the bowl and suites
· Uniformly spaced, elevated 3 m above level
· Inter-operator distance: FFS
· User distribution
· 70% seated, 10% in field, 20% outside
· Alternate: 30% seated, 70% outside
· Of seated users
· 80% outdoor, 20% indoor (in suites)
· Number of users: 600 total
· Traffic model: Video or FTP (UL dominated)
· Wrap around of macro
· Component carrier BW unlicensed: 20, 40 MHz 
· Number of carriers: FFS


Proposal 4	Consider stadium scenario for NR-U coexistence

Conclusion
Based on the discussion in Section 2 we make the following proposals:

Proposal 1	Consider outdoor hotspot for coexistence of NR-U LAA with NR-U LAA and LTE LAA / Wi-Fi
Proposal 2	Consider outdoor small cell backhaul for NR-U coexistence
Proposal 3	Consider indoor office / enterprise scenario for NR-U coexistence
Proposal 4	Consider stadium scenario for NR-U coexistence 
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