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[bookmark: foreword][bookmark: _Toc205284264]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc205284265]Introduction
Current 5G-Advanced network design focuses primarily on data transmission, and although RAT-based positioning is supported, the specifications do not offer the in-built capability to detect objects that are not connected to the network. Integrated Sensing and Communication (ISAC) involves the simultaneous use of radio frequency (RF) signals for both sensing and communication purposes. If sensing capabilities are integrated into the design of the system, sensing may be offered as a service alongside communications. This integration can lead to improved spectrum efficiency, reduced latency, and enhanced reliability in various applications.

TR 22.837 identifies a very wide range of ISAC use cases, and requirements for such are defined in TS 22.137, in particular, detection and/or tracking of UAV (Uncrewed Aerial Vehicles). SA2 also has an ongoing Rel-20 study on Architecture Enhancement to support Integrated Sensing and Communication (FS_Sensing_ARC, SP-250401).

In Release 19, a channel modelling framework for ISAC to enable evaluation of sensing techniques for such use cases was added to the existing communication models in TR38.901. Both radar cross-section (RCS) and mobility of sensing targets and other objects in the environment was studied in the scope of channel modelling. However, there is a need for further study of ISAC techniques, including network architecture, procedures, signalling, and corresponding performance evaluations for UAV sensing target use cases. 
This study item aims to study the following aspects for Integrated Sensing and Communication (ISAC):
Evaluate the performance of gNB-based mono-static sensing (i.e., single TRP with co-located sensing transmitter and receiver) for UAV use case [RAN1] 
-	Identify and study metrics, measurements, and relevant measurement quantization for UAV use case
-	As baseline, existing DL NR waveform and DL NR reference signals are to be used for evaluations.
-	For other waveform and reference signals, companies are to share relevant information
-	No UE impacts
-	Deployment scenario and assumptions for channel model calibration for UAV sensing targets in the Rel-19 ISAC channel model SI [FS_Sensing_NR] are used as starting point for evaluation assumptions.
-	FR1 frequency range is prioritized.
Study the procedures, signaling between RAN and CN to support ISAC [RAN3]
Study network architecture for gNB-based mono-static sensing for UAV sensing target use cases [RAN3]
-	Applicability to gNB bistatic sensing may be considered as part of this network architecture without additional architecture impacts.
-	No inter-gNB coordination will be studied.
-	Coordination with SA2 as necessary.
Editor’s note: TBA.


[bookmark: scope][bookmark: _Toc205284266]
1	Scope
Editor’s note: This section is to describe the scope of the study, including RAN guideline of gNB-based mono-static sensing for UAV use case.The present document is intended to capture the output of study item for "Study on Integrated Sensing And Communication (ISAC) for NR" [2]. CP-OFDM is considered as baseline waveform. The purpose of this TR is to document the following investigations for NR ISAC. 
-	Performance evaluation of gNB-based mono-static sensing for UAV use case 
-	Performance metrics and related performance objectives
-	Evaluation assumptions
-	Evaluation results
-	Measurements and quantization
-	Procedures and signalling between RAN and CN to support ISAC
-	Network architecture for gNB-based mono-static sensing for UAV use cases
[bookmark: references][bookmark: _Toc205284267]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP RP-252819: "Revised SID: Study on Integrated Sensing And Communication (ISAC) for NR".
[bookmark: definitions][bookmark: _Toc205284268]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc205284269]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc205284270]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc205284271]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc205284272]4	Performance metrics
Editor’s note: This section is to capture the definition of performance metrics for the evaluation, and if agreed, the targeted KPI values
4.1	Definitions of performance metrics
In the evaluation of NR ISAC, the following performance metrics are considered: 
-	Horizontal/vertical positioning accuracy is defined as the absolute value of the difference between the estimated horizontal/vertical position and the corresponding true position of a sensing target. 
NOTE:	In RAN1 evaluations, there should be only one estimated horizontal/vertical position corresponding to the true position of a sensing target.
-	Velocity accuracy is defined as the absolute value of the difference between the estimated velocity and the corresponding true velocity of a sensing target. For single TRP monostatic sensing, both the radial velocity accuracy and the true velocity accuracy can be estimated. The true radial velocity is the projection of true velocity on the direction from TRP to target for TRP monostatic.
-	Missed detection probability is defined as the conditional probability of not detecting the presence of a target when the target is actually present in the simulation area. 

	where,
-	 is the number of missed targets in the drop n, i.e., the true target not associated with any detected object.
-	 is the number of true targets in the drop n.
-	 is total number of drops with at least one target per drop
-	False alarm probability Type 1 is defined for cases without true target dropped in simulation area. An object is detected when there is no target present in simulation area is considered a false alarm.

where,
-	 equal to 1 if at least one object is detected when there is no target dropped in the simulation area in the drop n, otherwise  equal to 0.
-	 is the total number of drops without targets in the simulation area.
-	False alarm probability Type 2 is defined for cases with true target dropped in simulation area. An object is detected but not associated with any true target in the simulation area is considered as a false alarm.

	where,
-	 is the number of detected objects but not associated with any true targets in the drop n.
-	 is the total number of detected objects in the drop n.
-	 is number of drops with at least one detected object.
NOTE:	Both False Alarm Probability Types are mandatory. 
Sensing resolution is not considered as a performance metric for evaluation of NR ISAC. 
For the purpose of performance metric calculation, association of the detected object(s) and the true target(s) should fulfil at least the following conditions:
-	One true target is associated with at most one detected object.
-	One detected object is associated with at most one true target.
-	The same association applies to miss detection, false alarm probability Type 2 and positioning/velocity accuracy.
Companies should report the method used for association of the detected object(s) and the true target(s). 

4.2	Performance objectives
The following performance objectives are adopted for the evaluation of UAV use case with gNB-based monostatic sensing.
Table 4.2-1: Performance objectives
	Performance metrics
	Values

	Missed detection Probability
	[5]%

	False Alarm Probability Type 1
	[5]%

	False Alarm Probability Type 2
	[5]%

	Horizontal Positioning Accuracy
	[10] m with confidence level 90%

	Vertical Positioning Accuracy
	[10] m with confidence level 90%

	Velocity Accuracy
	[5] m/s with confidence level 90%



[bookmark: _Toc205284273]5	Measurements
Editor’s note: This section is to include the definitions of measurement metrics, and measurement quantization except for the related evaluation results. 

[bookmark: _Toc205284274]6	Performance evaluation
Editor’s note: This section is to summarize the evaluation assumptions for UAV sensing per RAN1 agreements. Details in Annex A. 
Editor’s note: This section is to summarize on evaluation results for UAV sensing per RAN1 agreements. Details in Annex B. 
-	It includes the evaluation results based on NR waveform and DL NR reference signal
-	Depending on RAN1 discussions, it can also include other results based on other waveform and reference signals
-	It includes the evaluation results considering measurement quantization. 
6.1	Evaluation methodologies
Besides the evaluation parameters provided in Annex A, the following assumptions are up to company report:
-	To model self-interference, value of X to derive the power of the additional additive white Gaussian noise to model the residual leakage interference/noise.
-	Length of Coherent Processing Interval (CPI).
-	Tx beam information (number of Tx beams, wide/narrow Tx beam) being used at TRP
-	RE mapping of sensing RS, and assumed TDD UL/DL configuration if applicable.
-	Sensing resource ratio
-	High-level sensing signal/data processing method, e.g., 2D FFT, MUSIC, and any other methods.
-	Optionally, the maximum BS Tx power when it is assumed that Tx and Rx don’t operate simultaneously. Companies should report how the maximum BS Tx power is derived.
In order to define the sensing resource ratio used in the evaluation of NR ISAC, three kinds of resources are defined
-	Type_1: Resources that are used for sensing signal transmission
-	Type_2: Part of Type_1 resources that are used for communication purpose
NOTE:	It is possible the Type_2 resource doesn’t exist. 
-	Type_3: Resources that are not used for sensing signal transmission, and cannot be used for communication purpose due to sensing operation
Two options are provided to calculate the sensing resource ratio. Both options should be reported by companies. 
-	Option 1: (Type_1 + Type_3) resources over all radio DL and UL resources
-	Option 2: (Type_1 - Type_2 + Type_3) resources over all radio DL and UL resources
NOTE:	If Type_2 resource doesn’t exist, two options are the same
In the evaluation on NR ISAC, company should report which sensing RS resources are considered as Type 2 resource and related reason. 
6.2	Performance evaluation results

[bookmark: _Toc205284275]7	Network architecture
Editor’s note: This section is to capture the study outcome of network architecture. Applicability to gNB bistatic sensing may be considered as part of this network architecture without additional architecture impacts. No inter-gNB coordination will be studied.

[bookmark: _Toc205284276]8	RAN-CN procedures and signalling
Editor’s note: This section is to capture the study outcome of procedures and signaling aspects between RAN and CN for gNB-based monostatic sensing.

[bookmark: _Toc205284277]X9	Conclusions
Editor’s note: TBA.

[bookmark: _Toc205284278]

Annex <A>: Evaluation assumptions
Editor’s note: This annex is to include the agreed evaluation assumptions for UAV sensing per RAN1 agreements, which complements Clause 6.
-	It includes the evaluation assumptions based on NR waveform and DL NR reference signal
-	Depending on RAN1 discussions, it can also include other assumptions based on other waveforms and reference signals
In this clause, the evaluation assumptions for the evaluation of UAV use case with gNB-based monostatic sensing are provided. When sensing Tx/Rx operates simultaneously, the assumptions are summarized in Table A-1. 
Table A-1: Evaluation assumptions
	Parameters
	Assumptions

	Scenario
	UMa-AV, optional RMa-AV

	Carrier frequency
	4 or 4.9 GHz 
Optional for FR1: 6 GHz
[Optional for FR2: 28 GHz]

	System bandwidth
	100 MHz

	Numerology
	SCS = 30 kHz

	BS Layout
	Hexagonal grid, 7 macro sites, 3 sectors per site.
3 sectors with 30, 150, 270 degrees

	Inter-BS (2D) distance
	UMa-AV: 500 m, optional 1000 m
RMa-AV: 1732 m

	Wrap-round
	No wrap-round

	BS antenna height
	UMa-AV: 25 m
RMa-AV: 35 m

	BS antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) for 4GHz, 4.9GHz
-	Configuration A: 
	-	Tx: (8,8,2,1,1;4,8)
	-	Rx: (8,8,2,1,1;4,8)
-	Configuration B as optional 
	-	Tx: (12,16,2,1,1;2,16) 
	-	Rx: (12,16,2,1,1;2,16)
(M, N, P, Mg, Ng, Mp, Np) for 6GHz 
-	Configuration A: 
	-	Tx: (8,8,2,1,1;4,8)
	-	Rx: (8,8,2,1,1;4,8)
-	Configuration B as optional  
	-	Tx: (16,16,2,1,1;4,16) 
	-	Rx: (16,16,2,1,1;4,16)

 = (0.5, 0.8)λ, +45°/-45° polarization
Optional:  = (0.5, 0.5)λ, +45°/-45° polarization

	BS antenna radiation pattern
	Table 9 in Report ITU-R M.2412

	BS antenna mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	BS antenna electrical tilt
	Option 1: no electrical tilt
Option 2: 102° in GCS

	Polarized antenna model
	Model-2 in clause 7.3.2 in TR 38.901

	Antenna isolation
	65 dB, 80 dB

	Max BS Tx power
	37 dBm, 52 dBm. See note 1

	Inter-site interference
	Not modelled

	Self-interference
	The residual leakage interference/noise is modelled e.g. by additional additive white Gaussian noise, -94+X dBm in 100 MHz, X is up to company report. Companies to provide details on their modelling. See note 2

	Co-site inter-sector interference
	Not modelled

	Adjacent channel interference 
	Not modelled

	BS receiver noise figure
	5 dB

	Sensing target



	Target type
	UAV with small size (0.3m x 0.4m x 0.2m)

	
	3D distribution

	N targets per sector in the center site
-	N = 5
-	Optional: N is uniformly distributed from 1 to 10

Horizontal plane: Uniformly distributed in a sector
Vertical plane: Uniformly distributed between 25m and 300m, optionally between 1.5m and 300m.

	
	Mobility
	Horizontal speed: uniformly distributed between 0 and 180km/h
Vertical speed: 0km/h

	
	Minimum BS-target 3D distance
	10 m

	
	Minimum target-target (3D) distance 
	10 m

	
	Outdoor/indoor proportion
	100% outdoor

	
	LOS/NLOS
	LOS and NLOS 

	
	Orientation 
	Random in horizontal domain

	
	RCS model
	RCS model 1 for UAV with small size

	gNB-target link
	TRP-UAV link in Table 7.9.3-2 in TR 38.901, using Clause B.1.3 in TR 36.777	Comment by Yingyang: Editor: Wording is different from the agreement, but I believe such words is more accurate

	Concatenation of TX-target and target-RX links
	Up to company choice between two options for concatenation defined in Step 9 in clause 7.9.4.1 in TR 38.901

	The power threshold for path dropping after concatenation for target channel
	-25 dB and -40 dB are respectively used for the two options for concatenation

	NOTE 1:		The above options are calculated with BS_maxpower = BS Rx saturation power + antenna isolation by assuming the BS Rx saturation power = -28dBm and the antenna isolation = 65dB and 80dB, respectively.
NOTE 2:	X = -Infinity corresponds to not modelling self-interference.



Besides the evaluation parameters provided in Table A-1, the following assumptions are up to company report:
-	To model self-interference, value of X to derive the power of the additional additive white Gaussian noise to model the residual leakage interference/noise.
-	Length of Coherent Processing Interval (CPI).
-	Tx beam information (number of Tx beams, wide/narrow Tx beam) being used at TRP.
-	RE mapping of sensing RS, and assumed TDD UL/DL configuration if applicable.
-	Sensing resource ratio.
-	High-level sensing signal/data processing method, e.g., 2D FFT, MUSIC, and any other methods.
-	Optionally, the maximum BS Tx power when it is assumed that Tx and Rx don’t operate simultaneously. Companies should report how the maximum BS Tx power is derived.


Annex <B>: Evaluation results
Editor’s note: This annex is to include the detailed evaluation results for UAV sensing per RAN1 agreements, which complements Clause 6.
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