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Introduction
Rel-18 WI on NR support for UAVs has evolved in scope over time. In the latest update of the WID in RAN#99 [1], a RAN4-led objective was added to address out-of-band emission requirements set by the ECC Decision 22(07). However, another requirement in the ECC Decision, the no-transmit-zone, was still missing. RAN#100 discussed the topic and sent an LS to SA2, which is now replied in SA2 LS [2].
The present contribution addresses that issue. 
No-transmit zone
In November 2022, CEPT made Decision 22(07) on Harmonised technical conditions for the usage of aerial UE for communications based on LTE and 5G NR in several bands harmonized for MFCN. The decision assumes multiple technical conditions and requirements to support aerial UEs in mobile systems (both LTE and NR). Two notable ones are no-transmit zone (NTZ) and out-of-band emission (OOBE) requirements, as shown in the following excerpt from the Decision (further details are in the Appendix):
	In addition to the already harmonised technical conditions for MFCN bands and for spectrum compatibility purposes, there is the need to define some spectrum operational restrictions. This can be done using “no-transmit zones”, which should be defined at national level as a geographical area where aerial UE are not allowed to operate in a certain frequency band. Another measure to achieve coexistence is to define additional OOB emission limits specific to aerial UE (to avoid interference to other services in some other bands (e.g. to protect MetSat at 1675-1710 MHz) . The requirement may apply to aerial UE according to their operational frequency band, e.g. aerial UE operating in a specific band or specific channel (see no-fly zone definition set out in ECC Report 309, in this Decision referred to as “no-transmit zone”). In some cases, operation of aerial UE also requires respective cross-border coordination agreements.
…
ECC DECISION OF 18 NOVEMBER 2022 ON HARMONISED TECHNICAL CONDITIONS FOR THE USAGE OF AERIAL UE FOR COMMUNICATIONS BASED ON LTE AND 5G NR IN THE 703-733 MHZ, 832-862 MHZ, 880-915 MHZ ,1710-1785 MHZ, 1920-1980 MHZ, 2500-2570 MHZ AND 2570-2620 MHZ MFCN HARMONISED BANDS (ECC DECISION (22)07)
“The European Conference of Postal and Telecommunications Administrations,
Considering
…
l) that a no-transmit zone in this Decision is defined as a geographical area where aerial UE are not allowed to transmit for spectrum compatibility purposes in a given harmonised MFCN band or part of it;
m) that national studies are needed, as appropriate, to define no-transmit zones for spectrum compatibility purposes, for aerial UE operating in the relevant frequency bands; 
n) that a mechanism is necessary to ensure that aerial UE respect no-transmit zones;
…
DECIDES
….
that no-transmit zones as described in this Decision should be defined and implemented at national level and where necessary coordinated with neighbouring countries;



As can be seen in n) above, the ECC Decision asserts that a mechanism is necessary to ensure that aerial UE respect no-transmit zones. However, in the most recent updated RAN WI for UAV [1], NTZ is still missing.
[bookmark: _Toc144741692]According to the ECC decision (22)07, both additional OOBE requirements and no-transmit zones are important to protect incumbent radio systems from potential interference from aerial UEs. However, only additional OOBE has been considered in RAN WI on UAV.
RAN#100 has discussed and agreed on the importance of supporting NTZ. An LS was sent to SA2 to check whether and how SA2 intends to address the issue. SA2 has now replied to RAN in [2] with the following content:

	SA2 would like to provide the following feedback:
	SA2 has not discussed about the NTZ requirement under Rel-18 study and normative phases for UAS_Ph2 because this requirement is not in the scope of Rel-18 UAS_Ph2, and has no plan to do work related to the NTZ requirement in Rel-18.
	SA2 is considering the NTZ requirement in the potential Rel-19 study item to discuss and consider it from system perspective.



As can be seen, SA2 is not addressing NTZ in Rel-18 but considering it in a potential Rel-19 SI. 
[bookmark: _Toc144741693]From system architecture perspective (SA2), NTZ is not considered in Rel-18. 
Given the situation, if RAN waits for SA2 to finish specifying a solution for NTZ in Rel-19, aerial UEs will need to wait for at least one more release to be fully compliant with the spectrum regulation (i.e., ECC Decision (22)07). Such a scenario not only delays the take-off of a 3GPP-enabled drone ecosystem but also undermines 3GPP efforts so far to support safe drone operations. Specifically, while Rel-18 UAV WI has already included objectives to fulfill the FAA requirements on broadcast remote ID and the additional OOBE requirements mandated by the Decision 22(07), failing to comply with the NTZ requirements will weaken 3GPP’s effort. Hence, we believe that the support of no-transmit zones should also be included in RAN Rel-18. Furthermore, since the ECC Decision covers both LTE and NR, no-transmit zones should be supported by the two RATs, as in the case of BRID and OOBE.
[bookmark: _Toc144741694]It is not advisable to postpone the support of NTZ to a later release because it will delay the take-off of cellular-connected aerial UEs and weaken 3GPP efforts to make aerial UEs compliant with regulations. 
Therefore, we propose to amend the Rel-18 WIDs on LTE and NR support of UAV with an objective of supporting no-transmit zones. We also want to emphasize that further developments in Rel-19 is by no means precluded.
[bookmark: _Toc134751174][bookmark: _Toc144741689]Amend Rel-18 UAV WIDs (both LTE and NR) with the following objective: specify mechanisms to support no-transmit zones. Strive for a low-complexity solution.
In the next section, we discuss potential solutions to support NTZ and propose a solution that is self-contained in RAN and has low complexity. 
Mechanisms to support no-transmit zones
First thing to elaborate is what would be the impact of no-transmit zones on UAV communications in practice. Apparently, it would cover UL traffic from a UAV in connected mode which may include heavy user plane in UL but also UAV command and control, and control plane signaling needed to establish and maintain the UAV in connected mode and supporting, e.g., initial access and mobility. If the no-transmit zone is to be understood in a very strict manner it would mean UE should not perform initial access to a cell in NTZ. In that case, a UAV UE may not even camp on such cell. In a less strict scenario, the UE could access the cell but is steered to another cell for further transmissions. Note that a flying UAV could see several cells and could potentially be served by a far- away cell even if the UAV itself would be in no-transmit zone or close to it.
Yet another aspect to consider is the potential interference to neighbor cells. In a case UAV is in no-transmit zone but connecting to another cell, UAV may cause unwanted interference. Also, in case UAV is close to non-transmit zone.
[bookmark: _Toc144741695]NTZs can affect aerial UE access to a cell and interference to neighbouring cells.

Given the analysis above, we foresee two types of mechanisms for an aerial UE to respect NTZ, which will be discussed next. 
First, at cell-level granularity, given that a NTZ is a geographical area with static or semi-static location, the mobile network can be well-aware of the NTZ and knows which cells overlap with the NTZ. Therefore, the network can take certain measures to bar an aerial UE from connecting to a cell on the affected frequency which have overlaps with the NTZ. 
[bookmark: _Toc144741696]Cell-level measures can be imposed by RAN nodes to bar aerial UEs from accessing NTZ-affected cells.
Second, at a finer granularity, signaling can be defined for a connected drone to inform RAN nodes when the drone is entering a NTZ, allowing the network to be prepared to maintain the connectivity with the drone (e.g., to switch to another frequency band or carrier that is allowed in the NTZ). Vice versa, knowing when the drone is leaving a NTZ enables the network to recover to a previous mode of communication with the drones. This may be needed, e.g., to monitor interference caused by UAVs near the NTZ.
[bookmark: _Toc123739177][bookmark: _Toc134525444][bookmark: _Toc134751167][bookmark: _Toc144741697]Connected aerial UEs can inform RAN nodes when the UEs are entering or leaving no-transmit zones.
The above may be needed in deployments that have large cells serving the UAVs.
In our view, the first mechanism (cell-level) has several advantages:
· It is applicable to UEs in both Connected mode and Idle mode,
· It requires less work in RAN2. Specifically, only one bit in the system information broadcasted by the network is needed to bar aerial UEs from accessing the affected cells.
We do acknowledge that the cell-level granularity may result in that cells in a large area, i.e. even outside the NTZ, may need to indicate that they transmissions are forbidden. First of all, it should be noted that this does not necessarily mean that all frequencies would be barred for the UE since the NTZ is defined as an area and a frequency band. Meaning the UE could use other frequencies not affected by the NTZ to get LTE/NR connection.
“This can be done using “no-transmit zones”, which should be defined at national level as a geographical area where aerial UE are not allowed to operate in a certain frequency band.”

[bookmark: _Toc144741698]A cell-level barring approach for NTZ does not necessarily bar the UE completely from the system, since NTZs are defined per frequency band.
One can of course consider more advanced features but that has the risk of not completing the work before Rel-18 is closed. Therefore, we think it is important to get a solution in to Rel-18 to ensure that Rel-18 can (at least in a crude way) address the requirement. Otherwise, it would result in that no Rel-18 UAV UE could be operated in the regions with this requirement. And due to its simplicity, we propose to focus on the cell-level mechanism in the Rel-18 UAV WI. More granular solutions could be done in Rel-19.
[bookmark: _Toc144741690]RAN to task RAN2 to specify signalling that allows NTZ-affected cells to bar aerial UEs.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	According to the ECC decision (22)07, both additional OOBE requirements and no-transmit zones are important to protect incumbent radio systems from potential interference from aerial UEs. However, only additional OOBE has been considered in RAN WI on UAV.
Observation 2	From system architecture perspective (SA2), NTZ is not considered in Rel-18.
Observation 3	It is not advisable to postpone the support of NTZ to a later release because it will delay the take-off of cellular-connected aerial UEs and weaken 3GPP efforts to make aerial UEs compliant with regulations.
Observation 4	NTZs can affect aerial UE access to a cell and interference to neighbouring cells.
Observation 5	Cell-level measures can be imposed by RAN nodes to bar aerial UEs from accessing NTZ-affected cells.
Observation 6	Connected aerial UEs can inform RAN nodes when the UEs are entering or leaving no-transmit zones.
Observation 7	A cell-level barring approach for NTZ does not necessarily bar the UE completely from the system, since NTZs are defined per frequency band.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Amend Rel-18 UAV WIDs (both LTE and NR) with the following objective: specify mechanisms to support no-transmit zones. Strive for a low-complexity solution.
Proposal 2	RAN to task RAN2 to specify signalling that allows NTZ-affected cells to bar aerial UEs.
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Appendix
Some further details on no-transmit zones from the ECC Decision 22(07)
	A1.2 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[footnoteRef:2]; [2:  Another frequency band than 703-733 MHz shall be used for landing and take-off.] 

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.
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