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Abstract: This pseudo-CR provides an overview of “Sensing 5G Spectrum for Opportunistic Spectrum Access” use case, service flows and potential new requirements.
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5	Use cases
[bookmark: _Toc100862436][bookmark: _Toc100921160]5.A	Use case on Sensing 5GS and Vertical Industry Spectrum for Opportunistic Spectrum Access
[bookmark: _Toc100862437][bookmark: _Toc100921161]5.A.1	Description
The vision of 5G for communications, Internet of things (IoT) and verticals such as Intelligent Transport Systems (ITS), E-health and Industrial Internet of thing (IIoT) will result in tens of billions of wireless devices to be interconnected in the next decade. Despite of the additional spectrum (24-71 GHz) to support the traffic growth, which could not be readily available. These new verticals of 5G communication will give rise to new network slices resulting in spectrum scarcity, moreover these new network slices are expected to be operated and owned by different operators. For spectral efficacy, allowing multiple networks to share the spectrum across time and/or geographical locations, scheduling users based on opportunistic spectrum access are the key for success. 
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Figure-1: Busy Channel and Spectrum Holes in a licensed Spectrum [3]
 
Spectrum allocated to different network slices of different verticals have a varying traffic based on the time and geolocation. Users of the network slices do not fully utilize the spectrum resulting in unused spectrum commonly referred as spectrum holes as shown in Figure-1. There are transmitter and Interference based spectrum sensing. Transmitter based sensing techniques are energy detection, matched filter detection, cyclostationary feature detection, eigen value-based detection. Spectrum holes along with the UE features such as stationary/moving, bandwidth consumed with time, activity variation with time will serve as parameters to the AIML algorithms at RRC and Network layer, where opportunistic spectrum access is exploited to the full extent by dynamically assigning/re-assigning the users to the available spectrum at any point in time as shown in Figure-2 [1-3,5].

Dynamic Spectrum Sharing (DSS) dynamically shares spectrum between LTE and 5G and 5G sub bands since the physical layer design of 5G is similar to LTE. Whereas carrier Aggregation (CA) proposes to integrate assigned bands between multiple Radio Access Technology using multiple connections for eg., suppose RAT1 has a band in LTE and RAT2 has a free band in 5G, CA dual connects the UE to LTE RAT and 5G RAT and splits the traffic in the MAC layer. Similarly, Cognitive radios (CBR) also proposes to integrate multiple RAT spectrum bands using a common radio controller. Since none of the existing technology senses spectrum holes for opportunistic spectrum access, we propose to sense spectrum holes dynamically and report them to higher layer for opportunistic spectrum sharing









Figure-2:  Sensing 5G-communication and Vertical Industry Spectrum for Opportunistic Spectrum Access [4]
5.A.2	Pre-conditions
1) Operator A and Operator B have licensed spectrum allocated to serve 5G communication and Industrial Internet of things.
2) For spectral efficacy, both operator A and operator B have an agreement to opportunistically use each other’s spectrum to allocate to their users.
3) Both the operators have spectrum sensing enabled in their 5G system and have agreed to have a common AIML based RRL/Network layer to opportunistically share spectrum among both the network users 

5.A.3	Service Flows
1) On a busy working day, both the operators network traffic gets busy (operational) during the daytime.
2) Operator-B network traffic are IIoT, which has lower priority but access network in a periodic manner.
3) Operator-A network traffic are 5G communication and is bandwidth intense.
4) Since Operator-B spectrum is allocated for IIoT and it is periodic, spectrum sensing finds spectrum holes during its ideal time, which can be reused for operator-A users for communication.
5) Spectrum sensing along with UE parameters such as mobility, bandwidth usage and activity over time are feed to the common AIML based RRC/Network layer.
6) Common AIML based RRC/Network layer will opportunistically use available spectrum of from Operator-B is dynamically allocated for users of Operator-A for communication.
7) Since both the operators have a common AIML based RRC/Network layer to opportunistically use available spectrum of both the network, 
8) In case, if such spectrum sharing were not available then operator-A wouldn’t have severed their users to the required bandwidth. Due to spectrum scarcity, operator-A would also have to reduce the number subscribers to serve.

5.A.4	Post-conditions
1) After the peak hours, the traffic on network-A is reduced, AIML based RRC/Network would stop dynamically re-assigning spectrum from Operator-B.
2) The usage of the shared spectrum from operator-B is billed to operator-A as per the agreed terms between the operators.
5.A.5	Existing feature partly or fully covering use case functionality

1) Dynamic Spectrum Sharing (DSS) in clause 11.8 of TR 21.917 rel-17 [6, 4] proses to share the 4G spectrum with 5G NR dynamically. 5G Physical layer is designed to be backward compatible with the 4G network, which makes DSS feasible with the same subcarrier spacing and similar time domain structure. In DSS mode, the control channel transmission and the data transmission is dynamically assigned between LTE and 5G based on the instantaneous capacity. DSS scheme is feasible provided the physical layers have similar design but cannot be extended to share 5G NR spectrum with the new verticals since they will have a different physical design.
 
2) Carrier Aggregation in clause X of TR 38.101 [7] propose to use multiple carriers either in standalone or with LTE by connecting to multiple cells of the serving station. In Carrier aggregation (CA) user traffic is split between the carriers at the MAC layer and simultaneously transmit and receive data on multiple carrier. Unlike CA, in this use case, we opportunistically access both the 5G communication and new vertical spectrum to share the traffic between the two network users. In apropos to this sharing, we propose to sense spectrum holes and expose them to the higher layers 
 
3) Cognitive radio (CBR) system design in TR102-802[9] proposes to share spectrum bands between two Radio access Technologies (RAT) using common Radio Controller but does not propose to use dynamic spectrum sharing such as DSS [4,6] across RAT(s). In this use case we propose to opportunistically assign spectrum holes across 5G communication spectrum and new vertical spectrum.
 
4) There are no spectrum sensing related specification in TR22.261[ref].

5.A.6	Potential New Requirements needed to support the use case
[PR 5.2.6-001] The 5G system shall sense 5G Spectrum for spectrum holes for opportunistic spectrum access.
 Note: Spectrum holes are the unused spectrum allocated to the users - usually indicated by low power because of the noise.

[PR 5.2.6-002] The 5G system shall upload Spectrum holes and its associated UE mobility, bandwidth usage and activity over time to the 5G core.
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