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1.	Discussion
1.1	Introduction
The solution describes a solution to provide UAV UEs with NTZ information and defines mechanisms for the enforcement of NTZ on UAV UEs.
1.2	Expected UE Behaviour
From the CEPT decision technical details, it is clear that in the NTZ the UE would not be allowed to transmit in specific frequency bands. However, the decision obviously does not address what this mean exactly wrt UE 3GPP functionality, and what is the impact on idle mode mobility mechanisms of a 3GPP UE. This impact how the UE behaves in terms of mobility management functionality:
· Would a UE need to be considered in limited service state when the UE cannot find any suitable cells like e.g. is normally the case in non-allowed areas?
· Would there be exceptions for high priority MPX UEs like e.g. is normally the case in non-allowed areas?
· Would a UE be able to behave as a regular limited service state UE when no suitable cells exist, i.e. perform emergency services as per current mechanisms?
· Or would the UE be completely banned from any services, including emergency services, when no suitable cells can be found? 
SA2 has sent an LS to TFES to verify these aspects, but no reply can be expected in time for SA2 meeting in Athens given they convene only in March. Therefore, we are proposing some assumptions and solutions components to match those assumptions:
Assumption 1: the UE cannot follow the existing behavior of limited service state when the UE cannot find any suitable cells like, e.g. as in the case of existing non-allowed areas, because in such cases the UE would still be allowed to trigger signaling and user plane establishment for emergency services. It may also reply to paging if paged by the network. Therefore, the existing concept on non-allowed area would be not acceptable for UAV UEs in the scenario of NTZs.
Assumption 2: if the cell(s) that provide coverage corresponding to an NTZ are considered as cells of a non-allowed area, in scenarios where these are the only cells of a PLMN that can provide service to the UAV UE, it is logical to enable the UAV UE that is not allowed to transmit in these cells to reselect to another PLMN, if available. However, in a non-allowed area the UE is not allowed to use the non-allowed area as a trigger for PLMN reselection. Therefore, the existing concept on non-allowed area would be suboptimal for UAV UEs in the scenario of NTZs.
Assumption 3: no exceptions to the no-transmit apply to any UAV UEs.
1.3 Size of NTZs
Looking at the CEPT decision, here’s an extract of Annex 1:
Operational conditions 
The operational conditions to be defined and implemented at national level provide additional measures to the technical conditions in order to protect other services.
703-733 MHz: Protection of DTT receivers and RAS sites
· Aerial UE operating in 703-733 MHz should not transmit when less than 30 m above ground level to avoid interference to DTT receivers;
· Nationally determined no-transmit zones are required around RAS sites operating in 1400-1427 MHz for aerial UE operating in the 703-718 MHz frequency band, as appropriate.
832-837 MHz: Protection of RAS sites
· Nationally determined no-transmit zones are required around RAS sites operating in 1660-1670 MHz for aerial UE operating in the 832-837 MHz frequency band, as appropriate.
2500-2570 MHz/2570-2620 MHz: Protection of RAS sites and radars
· Nationally determined no-transmit zones are required around RAS sites operating in 2690-2700 MHz for aerial UE operating in the 2500-2570 MHz or 2570-2620 MHz frequency band, as appropriate;
· Nationally determined no-transmit zones might be required around radars operating in 2700-2900 MHz for aerial UE operating in the 2500-2570 MHz or 2570-2620 MHz frequency band. 
It appears that NTZs may be defined not precisely to match a specific site or location, but nationally defined to be “around” a certain area. This would mean that a multitude of cells of a PLMN may be impacted by an NTZ.
We can foresee two scenarios happening depending on how different regions/countries define NTZs:
-	NTZ overlap with a small area of a serving cell: this can e.g. happen in case of radio telescopes located in rural area where large cellular cells serve the UEs
-	NTZ correspond to a large area that overlap to multiple cells of a PLMN
In the first scenario, mechanisms that would ban the UE from using the whole cell impacted by the NTZ would be suboptimal, since the UE would not be able to transmit any data or signalling in a large cell of which only a small area overlaps with the NTZ. For rural coverage with large cells, this may lead to a rather long time of unreachability by the UAV UE that cannot receive C2 commands and cannot transmit any telemetry or payload.
Assumption 4: solutions need to address the maximum utilization of available cellular coverage wrt respecting NTZ restrictions. This includes allowing a UAV UE to use cellular resources in all areas of a cell that do not overlap with an NTX.
In the second scenario, restricting the UAV UE from using any resources in a multitude of cells that overlaps with the NTZ is acceptable, assuming alternative cells are available, or the UAV UE is allowed to reselect to another PLMN when available.
Assumption 5: solutions that enable the network and the UAV UE to identify one or a set of cells corresponding to the NTZ and restrict transmission from the UAV UE in such cell is a viable solution in case of large NTZ, assuming alternative cells are available, or the UAV UE is allowed to reselect to another PLMN when available..
We cannot foresee whether in the scope of a specific PLMN there will be only NTZs corresponding to the first scenarios, or only corresponding to the second scenario.
Assumption 6: solutions need to cater both to NTZ of very small size wrt the size of the PLMN serving cells, and NTZ of large size that overlap multiple serving cells.

2.	Text proposal
It is proposed to agree the following changes vs. TS 23.700-59:
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The solution addresses the following aspects:
-	How to ensure an aerial UE respects no-transmit zones. This includes the following scenarios:
-	mobile network cells overlapping completely or partially with the NTZ and using the restricted frequency bands of the NTZ
-	support NTZ of any size, depending on regional requirements 
-	the provisioning of NTZ-related information to the UAV UE 
-	how to allow the enforcement for both aerial UEs in connected mode and aerial UEs in idle mode
6.X.2.2	Solution Overview
The solution assumes the following:
-	NTZ information is provided to the PLMN functions (depending on the solution options described below) via OAM by external parties, with the idea that at national level there will be entities in charge of defining NTZs and providing related information to PLMNs
Editor’s Note: whether NEF services are extended to enable providing dynamic NTZ information to the 5GC is FFS.
-	NTZ information refer to a geospatial description of an NTZ (in two dimensions or three dimensions to consider height restrictions) and the restricted frequencies corresponding to such area.
The solution provides multiple options which cater for different size of NTZs with respect to the size of the cells impacted by NTZs:
-	Extension of Service Restrictions to cater for NTZs: this solution is suitable for large NTZs that impact a variety of cells in a specific area.
-	use of NTZ policy configuration in the UE
-	Per-cell indication of the presence of NTZs: this solution assumes that mechanisms are adopted in RAN to provide information to UAV UEs wrt the overlap of an NTZ with the cell (i.e. the whole cell is not suitable for transmission for a UAV UE) in order to ensure that the UAV UE does not transmit at all in a cell that corresponds to an NTZ. The solution  and is mostly suitable for scenarios where the NTZ covers the majority or entirety of a cell.
A PLMN may use one or more of these solutions depending on local policies and the size of the NTZs impacting the PLMN.
In the solutions below, the following behavior is assumed:
-	The UAV UE never transmits any signalling or data in the area of a cell corresponding to an NTZ (i.e. the geospatial area corresponding to the NTZ and the frequency band(s) corresponding to the NTZ)
-	the UAV UE is provided by the network with NTZ-related information as described in the solutions below.
-	the UAV UE deactivates the AS layer or ceases to transmit any data when entering an area corresponding to the NTZ
NOTE: it is assumed that if the UE can receive DL data, the UE cannot perform any actions that require any transmission while in the area corresponding to an NTZ.
Editor’s Note: whether the UE is allowed to receive DL data in an area corresponding to and NTZ is FFS
-	the UAV UE may perform a registration update before entering the NTZ with an indication that the UAV UE is about to enter an NTZ, so that the network considers the UAV UE unreachable but registered, similarly to the mechanisms adopted in previous releases for high latency communication behavior. The UAV UE does so based on the NTZ information it receives as described below. The UAV UE would then performs re-registration when existing the NTZ. This enables the network to know the exact status of the UAV UE.
-	for connected mode UAV UEs, it is expected that the network is configured to know which cells correspond to an NTZ and the RAN will attempt to avoid handing over a UAV UE to a cell corresponding to an NTZ. However, in some scenarios the only suitable cell for an handover may be a cell impacted by an NTZ (location and frequency bands), and the UE behavior described below must apply. Optimizations in the case of connected mode handover to minimize loss of connectivity and ensure the respect of NTZs need to be discussed further with RAN WGs.
-	for IDLE mode mobility, the UAV UE behavior is described below. 
Editor’s Note: 	Additional/what parameters need to be considered to properly describe NTZ and actual restrictions/enforcement aspects and roles of NTZ in the core and radio network are FFS.
Editor’s Note: 	Coordination with RAN WGs are required to progress the solution to ensure that RAN (eNB/gNB) has inputs required to enforce UE compliance with NTZ.
Editor’s Note: how the solution can address change of NTZ information is FFS

6.X.2.3	Extension of Service Restrictions for NTZs
In this solution component, a UAV UE supporting NTZ restrictions provides an indication in 5GMM of support of NTZ Restrictions. 
The CN receives the NTZ information (e.g. via OAM from external party) and maps the NTZ information to a Restricted Transmission Area (RTA). If the AMF determines that the supporting UE is an UAV UE, i.e. the UE provided indication of NTZ support, the UE has an aerial subscription, and after successful UUAA procedure when it is performed, then the AMF configures the UE with this Restricted Transmission Area. If a UAV UE does not provide the indication, the AMF may deregister the UE and may provide a cause code (and a backoff timer) to indicate not to re-register for a time for this PLMN. 
The Restricted Transmission Areas is similar to a Non-Allowed Area, but it is explicitly identified as being different from a Non-Allowed Area to induce a different behavior in the UAV UE. The concept is that the UE is not allowed transmit at all the RTA in the frequencies corresponding to the NTZ. 
Based on the RTA information, the UAV UE behavior differs from a traditional UE which, when entering a non-allowed area, may still act as a regular UE in limited state and transmit for emergency services, and is banned from performing any PLMN reselection. An UAV UE entering an RTA shall not initiate any service. request or any signaling, including emergency services. When entering an RTA, the UAV UE shall behave as a UE with no suitable serving cell banned from performing any emergency services. An UAV UE in an RTA shall not respond to any paging from the network. When entering an RTA, the UAV UE is allowed to use this event to trigger PLMN reselection.
In order to provide NTZ information as part of the RTA:
-	the AMF may be configured with NTZ information and provide RTA to the UAV UE based on the NTZ information after the AMF determines it is a supporting UAV UE (i.e. the UE provided indication of NTZ support), that the UE is an aerial UE based on aerial subscription, and after successful UUAA procedure when it is performed.
-	Alternatively, the AMF may be configured to know that there is at least one NTZ in the area served by the AMF but may not create any RTA information. During the registration, the PCF which is configured with NTZ information, may create an RTA for the UAV UE and return it to the AMF which in turn provides it to the UAV UE.
The UDM and the PCF may update the Service Area Restrictions of a UE at any time. For UE in CM-IDLE state in an RTA marked as NTZ, the AMF shall store the updated service area restriction and update the UE upon next signalling interaction with the UE. For a UE located in an RTA marked as NTZ, the AMF shall not initiate paging for a UE to update Service Area Restrictions with Generic UE Configuration Update procedure.
6.X.2.4	NTZ Restriction Policies
This component of the solution re-uses concepts similar to the PC5 policy configuration that was adopted in previous releases to define geofence where certain frequencies are not allowed. However, in the case of NTZs, a blacklist of frequencies associated to the specific area are provided, whereas in the case of PC5 a whitelist was provided. In the solution, the UE is configured with NTZ Restriction Policies that identify the area corresponding to the NTZ and the banned frequency or frequencies. The UE shall not transmit data or signaling when in the area of the NTZ and is being served by the frequencies identified in the NTZ Restriction Policies. The description of the NTZ may be in the form of a 2D or 3D (to include specific altitudes) geo-area/polygon.
In this solution, a UAV UE supporting NTZ restrictions provides an indication in 5GMM of support of NTZ Restrictions. 
The UE may be provided ​with NTZ Restriction Policies in one of the following alternatives:
-	Option 1: From AMF. During the registration procedure, if the AMF determines that the supporting UE is an UAV UE, i.e. the UE provided indication of NTZ support, the UE has an aerial subscription, and after successful UUAA procedure when it is performed, then the AMF provides the NTZ Restriction Policies applicable to the UAV UE and the current registration area. This option requires all AMF serving areas impacted by NTZ to be configured with NTZ information.​
-	Option B: From PCCPCF. When the UAV UE is in a TA where there is at least NTZ, or when the registration Area that the AMF assigns to the UAV UE contains at least one NTZ, and if the AMF determines that the supporting UE is an UAV UE, i.e. the UE provided indication of NTZ support, the UE has an aerial subscription, and after successful UUAA procedure when it is performed, then the AMF provides a new indication that an NTZ is present in the registration area. The UAV UE triggers the retrieval of NTZ Restriction Policies from the PCC PCF using existing procedures. Alternatively, the AMF may indicate to the PCF during the registration procedure that NTZ are present in the registration area and the PCF triggers NTZ Restriction Policies delivery to the UAV UE. This solution reduces the impact on AMFs by requiring only AMFs that serve area impacted by NTZs to be configured to know there is an NTZ, without the need to impact other AMFs and without requiring AMFs to be aware of the complete NTZ information. 
-	Option C: from NTZ AF. This option assumes that a third-party service is present outside MNOs to provide NTZ-specific information to UAV UEs. This may be a service provided by regulators or other third parties. As in option B, When the UAV UE is in a TA where there is at least NTZ, or when the registration Area that the AMF assigns to the UAV UE contains at least one NTZ, and if the AMF determines that the supporting UE is an UAV UE, i.e. the UE provided indication of NTZ support, the UE has an aerial subscription, and after successful UUAA procedure when it is performed, then the AMF provides a new indication that an NTZ is present in the registration area, and may provide assistance information (e.g. URL) to instruct the UAV UE how to reach the AF. Upon receiving the indication and the assistance information, the UAV UE ​uses existing a suitable user plane connection or establishes an appropriate user plane connection (e.g. the UAV UE may be configured with a specific DNN/S-NSSAI for such connectivity) to the AF and uses application layer signalling to retrieve the information ​(out of scope of the solution).
If in a PLMN multiple options are supported, this solution assumes that what the UAV UE receives in option C takes priority over the information received with other options.
6.X.2.5	Per-cell indication of the presence of NTZs:
For potential solutions where a per-cell indication is provided to UAV UEs on the presence of NTZs (independently of the mechanism adopted to do so by e.g. RAN solutions), three categories of UEs need to be considered: 
1.	new UEs (i.e. Rel. 19) that support NTZ restriction functionality: in a cell where the NTZ indication applies, the UAV UE shall consider the cell barred
2.	pre Rel. 19 non-UAV UEs (i.e. terrestrial UEs): these UE should be allowed to use the cell either by ignoring the indication or not receiving it
3.	pre-Rel.19 UAV UEs that do not support NTZ restriction: solutions must enable such UAV UEs to consider the cell barred or not suitable 
We assume that the network would need to be aware of which of the three categories a UE belongs to, and we assume that new Rel.19 UAV UEs indicates to the network the ability to support NTZ restrictions. CN and RAN are already aware if this is an aerial UE based on the UE subscription being an aerial subscription, which since Rel. 15 is indicated to the RAN when the UE context is provided to the RAN.
Solutions that provide a per-cell indication of the presence of an NTZ shall be able to support all three categories of UAVs with the expected UE behavior described above. Specifically, if RAN WGs develop such solution, the solution must allow non-UAV UEs to use the cell without restriction and must block all UAV UEs from using this cell. This includes also UAV UEs of release 18, not just UAV UEs of Release 19. Moreover, such solutions would need to consider that RAN needs to be configured with NTZ information in order to provide any per-cell indication. 
NOTE: coordination with RAN WG is required to consider such solutions.
6.X.2.3	Solution Architecture
No architectural modifications are assumed by the proposed solution.
[bookmark: _Toc157749900]6.X.3	Procedures
NOTE: it is assumed that the following procedures take place when the UAV UE is outside an area corresponding to an NTZ. 
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Figure 6.X.3.1-1: Delivery of NTZ information via Service Area Restrictions. 


6.X.3.2	NTZ Restriction Policies




Figure 6.X.3.2-1: Delivery of NTZ restriction policies to UAV UEs. 


[bookmark: _Toc157749901]6.X.4	Impacts on services, entities and interfaces
The following entities are impacted:
- 	UE:
-	indication of NTZ support for UAV UEs
-	receive and process NTZ information, and modify idle mode mobility and connected mode mobility based on received NTZ information as described in options above	
-	abstain from transmission in areas corresponding to NTZ
-	for per-cell solutions, the UE can receive per-cell indication of NTZ
-	AMF:
-	configuration by OAM to be aware of presence of NTZ in serving area
-	potential configuration of NTZ information or assistance information to support NTZ information retrieval
-	restrain from paging a UAV UE that is in an NTZ 
-	PCCPCF: 
-	may be configured with NTZ information (area and frequencies) depending on solution options
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