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Introduction
In RAN #109, the revised SID on Study on Integrated Sensing And Communication (ISAC) for NR was agreed [1]. 
	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.



This document summarizes the contributions and discussions on NR ISAC in RAN1 #122bis meeting. 
· The proposals in this document are tagged and color coded respectively 
· [H] Proposal: High Priority, to be handled firstly.
· [M] Proposal: Medium Priority, we will handle such proposals on best effort basis.
· [L] Proposal: We may treat it if there is a clear consensus. 
· The new/revised proposals in current round for discussion is further tagged with [FL2]. Note: Some proposals without update are still marked with early round number. If any company didn’t provide a comment yet, or prefer to update the comments, feel free to continue comment on them.
The following email thread is assigned for discussion of the study item (agenda 10.5):
[122bis-R20-ISAC] Email discussion on Rel-20 ISAC – Yingyang (Xiaomi)
· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc

Proposed online proposals
Monday (10/13)
Tuesday (10/14)
Wednesday (10/15)

Proposed offline proposals
Monday (10/13)
Tuesday (10/14)
Wednesday (10/15)


Performance metrics
Key performance requirements defined in TS 22.137 
	5G wireless Sensing service is required to fulfil different performance requirement (e.g., accuracy, resolution, latency, etc.) based on the characteristics of one or multiple target object(s) and/or the environment to be sensed in a target sensing service area. The following set of key performance requirements is used and shown for each service scenario in Table 6.2-1.
-	Accuracy of positioning estimate describes the closeness of the measured sensing result (i.e., position) of the target object to its true position value. It can be further derived into a horizontal sensing accuracy – referring to the sensing result error in a 2D reference or horizontal plane, and into a vertical sensing accuracy – referring to the sensing result error on the vertical axis or altitude.
-	Accuracy of velocity estimate describes the closeness of the measured sensing result (i.e., velocity) of the target object to its true velocity.
-	Confidence level describes the percentage of all the possible measured sensing results that can be expected to include the true sensing result considering the accuracy.
-	Sensing Resolution describes the minimum difference in the measured magnitude of target objects (e.g., range, velocity) to be allowed to detect objects in different magnitude.
-	Missed detection probability describes the conditional probability of not detecting the presence of target object/environment when the target object/environment is present. This probability is denoted by the ratio of the number of events falsely identified as negative, over the total number of events with a positive state. It applies only to binary sensing results.
NOTE 1:	An event with a positive state refers to the presence of the characteristics of a target object or environment, including the event falsely identified as being negative and truly identified as being positive.
-	False alarm probability describes the conditional probability of falsely detecting the presence of target object/environment when the target object/environment is not present. This probability is denoted by the ratio of the number of events falsely identified as being positive, over the total number of events with a negative state. It applies only to binary sensing results.
NOTE 2:	An event with a negative state refers to the non-presence of the characteristics of a target object or environment, including the event falsely identified as being positive and truly identified as being negative.
-	Max sensing service latency: time elapsed between the event triggering the determination of the sensing result and the availability of the sensing result at the sensing system interface.
-	Refreshing rate: rate at which the sensing result is generated by the sensing system. It is the inverse of the time elapsed between two successive sensing results.
5G wireless sensing performance requirements are applied to 3GPP sensing data and sensing results.



ITU IMT 2030 TPR definitions
	Sensing-related capabilities are measured in terms of the following technical performance requirements:
· Detection Probability and False Alarm Probability: Detection probability is the probability of correctly detecting the presence of the sensing object, and false alarm probability is the associated probability that a sensing object is detected when no sensing object is actually present.
· [bookmark: OLE_LINK30]Horizontal/Vertical Localization Accuracy: It is defined as the difference between the estimated horizontal/vertical location and the actual horizontal/vertical location of the sensing object. The required value of localization accuracy shall be obtained assuming [90%/95%] confidence level, which is the [90th/95th] percentile point of the cumulative distribution function (CDF) of the location estimation error.
· Velocity Accuracy: Velocity accuracy is defined as the difference between the estimated velocity and the actual velocity of the sensing object. The required value of velocity accuracy shall be obtained assuming [90%/95%] confidence level, which is the [90th/95th] percentile point of the cumulative distribution function (CDF) of the velocity estimation error.



False alarm probability
	Agreement in RAN1 #122
· False alarm probability is agreed as performance metric for NR ISAC. 
· For cases without true target dropped in simulation area, False alarm probability Type 1 is computed and reported 
· For cases with true targets dropped in simulation area, False alarm probability Type 2 is computed and reported 
· Note: both False alarm probability Types are mandatory
· KPI values for False alarm probability Type 1 and 2 can be discussed separately. 

Definitions: 
· False alarm probability Type 1 (no 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 (targets dropped in simulation area): An object is detected but not associated with any true targets 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.
· FFS: 
· Option 1:  is number of drops (N)
· Option 2:  is number of drops with at least one detected object
	Note: the number of targets should be reported by companies when providing False alarm probability Type 2



Summary on company views

On False alarm probability Type 2
· Option 1:  is number of drops (N): Xiaomi, CMCC, DOCOMO, Google, QC
· CMCC: the performance of FA probability is highly related to the MD probability. If a miss detection case is counted in the detection metric, it should also be counted in the FA metric.
· CMCC: with Option 2, increasing detection threshold will definitely decrease the detection performance. But the benefit in FA performance is sometimes prevented due to not counting some drops in FA probability.
· Xiaomi: Option 2 tends to result in unnecessary large FA in extreme case
· Xiaomi: Option 1 gives insight on following two cases
· Case A: targets are detected but they are too far from the true targets and are therefore not associated with true targets
· Case B: no target is detected.
· Option 2:  is number of drops with at least one detected object: Vivo, HW, CATT, Apple, MTK, E//, Nokia, Sharp, LG, ZTE, Lenovo, OPPO
· HW: firstly the derivation of Type 2 should be based on the ratio of the number of false alarms to the number of detected objects whereas the indetermined form of 0/0 should not be taken as 0% false alarm probability for the drop
· Vivo: drops where no targets are detected should be considered invalid and excluded from metric calculation.
· OPPO: Such conditional probability is meaningful only if the condition does happen, which requires that a drop with no detected object not to be counted

OPPO: The total number of targets per drop, which is an evaluation parameter but not an algorithm parameter, may have an impact on the false alarm probability Type-2

[Moderator’s note] It should be common understanding that the difference between Option 1 and 2 would be marginal for a well-defined sensing algorithm. Assuming the operation meet KPI of miss detection, say 5%, then at least 95% of all drops must detect some targets. In the remaining drops, the most practical case would be 1-4 true targets out of the N=5 dropped true targets can be detected. In summary, the impact of either Option 1 or 2 would be scaled by a factor of 1/20 or even smaller.  
[bookmark: _Hlk206720869]From the inputs, 5 companies prefer Option 1, while 12 companies prefer Option 2. The moderator proposal is to simply go with majority view. 

[FL1][H] Proposal 4.1-1 
· On False alarm probability Type 2 (targets dropped in simulation area), the parameter  is the number of drops with at least one detected object.

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Agree with FL’s proposal.

	ZTE
	Yes
	Agree with FL’s proposal. Option 2 is more aligned with the definition of Pfa2: “An object is detected but not associated with any true targets in the simulation area is considered as a false alarm”. That is to say, if no object is detected, Pfa2 cannot be calculated.
It should be noted that it is seldom not to detect any objects when sensing target is dropped. Option 1 and 2 has neglectable difference in simulations.

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	Although, our preference is for Option 1 as Option 2 would be biased by the quality of the detection but we do agree with the FL observation that the impact of Option 1 or Option 2 is small in general and we are OK to compromise for the sake of progress. 

	Samsung
	Yes with comment
	We also believe that Option 2 is appropriate. However, Option 2 requires sufficient simulation runs to obtain stable results. Therefore, how about reporting the total number of drops from each company?

	Xiaomi
	
	We still think that Option 1 is the better solution. To us, Option 2 does not make much sense, in case that nothing is detected, the simulation result should not be neglected. It should be counted as what it is: a missed detection and no false alarm.
However, we think that it is a minor issue, since for a well-designed sensing algorithm, we should anyway have a detection probability of 95%, hence the difference between Option 1 and Option 2 may not be that big.
We would be ok to go with majority view.

	LGE
	Yes
	The definition of false alarm probability in TS 22.137 is based on the condition of detecting the presence of target, regardless of whether the detection is correct or not. Therefore, Option 2 is more consistent with the SA definition than Option1 and should be supported for false alarm type2.

	OPPO
	Yes
	

	Spreadtrum
	Yes
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Agree with FL’s proposal. To ensure the statistical reliability and fair cross-company comparison, suggested to report both N and K.

	CMCC
	No
	False alarm probability should not be defined as a conditional probability. And Option 2 is not compatible with the classic definition of false alarm probability in binary test.
In fact, by adopting Option 1, the indetermined form of 0/0 is defined as 0% false alarm, which is reasonable for that no false alarm target is detected. And the definition lives well with classic definition of false alarm probability in binary test.

	IDCC
	Yes
	We can generally be ok with either approach as long as companies agree on the same calculation.

	vivo
	Yes
	

	Qualcomm
	We ll accept majority view
	

	Nokia
	Yes 
	Agree with FL’s proposal. The classic definition of false alarm probability is the probability of detected something that is “false alarm”.


	SONY
	Yes
	

	Ericsson
	Yes
	

	Panasonic
	
	We slightly prefer Option 1, as the false alarm probability is closely related to the missed detection probability. Therefore, we support jointly evaluating these two metrics, and the false alarm probability should be counted in the same way as the missed detection probability. However, if the majority views support Option 2, we are also fine with it, since the difference between the two options is minor.

	Apple
	Yes
	



Sensing resolution
	[FL1][M] Proposal for conclusion 4.5-1-rev1 (outcomes of offline sessions in RAN1 #122)
· Sensing resolution is not considered as a performance metric for evaluation of NR ISAC. 




Summary on company views

Not as a metric for RAN1 evaluation: Xiaomi, DOCOMO, ETRI, Sony, Google, Apple, vivo, HW, Sharp, LG
· Can be calculated by system parameters
Need study: Hanbat, OPPO
· OPPO: Sensing resolutions are important performance metrics and should be clarified with the sensing algorithm

[Moderator’s note] Multiple reasons are identified to not use sensing resolution as a metric for evaluation. 
· It can already be obtained from a formula using the system parameters. Range resolution for monostatic is defined as , and velocity resolution for monostatic is defined as , where  is the bandwidth,  is the coherent processing interval,  is the speed of light. Such formulas in theory are well justified in literature. Further verification is not necessary. 
· Simulation verifying resolution is quite different from simulation for accuracy. For example, a new discussion will happen on the distribution of two or more targets. Such discussion didn’t happen in ISAC channel model in Rel-19, so it is expected it can be time consuming. 

Given the large number of companies that explicitly state that resolution should not be included, and considering that resolution can already be obtained from system settings, it feels that no further discussion is needed on this issue, and the following proposal is made:  
[FL1][H] Proposal 4.2-1 for conclusion
· Sensing resolution is not considered as a performance metric for evaluation of NR ISAC. 

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Since sensing resolution can be derived from system parameters, it is not needed as a performance metric for ISAC.

	ZTE
	Yes
	Sensing resolution is a feature directly decided by configurations, and not a performance requirement on final sensing result.

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	We do agree not to consider sensing resolution as a performance metric for the Rel-20 evaluation

	Samsung
	Yes
	

	Xiaomi
	Yes
	There already exist formulas to describe the resolution based on the system settings. Anyone who is interested in a resolution can obtain it from here.
As a compromise, to not leave the resolution open, we can make a conclusion more specific and explain it is not needed to have resolution:
Proposed conclusion:
Sensing resolution can be obtained from simulation settings and does not need to be considered explicitly in the evaluations:
· Range resolution for monostatic is ,  
· Velocity resolution for monostatic is , 
· where  is the bandwidth,  is the coherent processing interval,  is the speed of light.

	LGE
	Yes
	Agree with the moderator’s note above. Sensing resolution can be directly determined by resource configuration

	OPPO
	
	Sensing resolution is related to system parameters. Only use FFT, sensing resolution can be derived from configuration parameters. We propose to add a note 
[FL1][H] Proposal 4.2-1 for conclusion
· Sensing resolution is not considered as a performance metric for evaluation of NR ISAC. 
· Note: use FFT as baseline, sensing resolution can be derived from configuration parameters.

	Spreadtrum
	Yes
	

	CMCC
	Yes
	Although the analytical resolution may not reflect the actual ability to distinguish two adjacent targets, it is a widely used criterion. And since it is analytical, it should not be considered as a performance metric.

	ETRI
	
	We also agree that sensing resolution can be determined by system parameters. So, it is reasonable not to consider sensing resolution as a performance metric for Rel-20 NR ISAC evaluation.

	IDCC
	Yes
	While we generally agree with the FL that sensing resolution should not be evaluated as a performance metric, we agree with OPPO that it may be difficult to do fair comparison among companies. Even specifying RS format may not fully clarify sensing resolution as the resolution may depend on the sensing algorithm used. As a compromise we can support companies reporting the estimated positioning resolution of their sensing algorithms.

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Nokia
	Yes
	Agree with other companies that sensing resolution can be easily calculated from configuration parameters.. We don’t need to include the equations explicitly. Theoretical sensing resolution is different from sensing resolution that can be achieved realistically. It is always good to know realistic sensing resolution. But do we really need this conclusion to move forward?


	SONY
	Yes
	

	Ericsson
	Yes
	A sensing algorithm’s capability of detecting two targets when they are close is very important. Such simulation can be based on the minimum 3D distance between two targets. However, we are fine with the conclusion for NR ISAC mainly because the definition of sensing resolution is not a sensing capability but more about a reporting granularity.

	Panasonic
	Yes
	

	Apple
	Yes
	




Sensing service latency and refreshing rate
	[FL1][M] Proposal for conclusion 4.6-1-rev2 (outcomes of offline sessions in RAN1 #122)
· Sensing service latency and refreshing rate are not considered as performance metrics for evaluation of NR ISAC. 
· This does not preclude that a limitation on coherent processing interval (CPI) can be defined as a simulation assumption. 




Summary on company views

Not considered in RAN1 simulation: HW, Sony, E//, Xiaomi, Google, Apple, QC, Panasonic, LG
· sensing service latency and refreshing rate can be derived analytically and are therefore less suitable for evaluation via simulation.
· depend on multiple factors in RAN and CN
· system-level behaviors that depend heavily on deployment architecture, scheduling, and implementation choices.

Need study: Hanbat

Service latency is not considered: Sharp
Service latency is considered: SS, Lenovo

[Moderator’s note] The E2E sensing service latency and refreshing rate depends on multiple factors in RAN and CN. RAN1 only contribute a small portion of delay. Further, the limitation from RAN1 is somewhat a hard limitation, which comes from the unavoidable time, i.e., CPI to transmit sensing RS and the UE processing capability. For a CPI of X ms, the physical layer latency is Xms + processing delay + reporting delay in Uu interference. All such aspects can be well analyzed. 

[FL1][H] Proposal 4.3-1 for conclusion
· Sensing service latency and refreshing rate are not considered as performance metrics for evaluation of NR ISAC. 
· This does not preclude that a limitation on coherent processing interval (CPI) can be defined as a simulation assumption. 

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Sensing service latency is affected by numerous factors in actual deployments, it should not be evaluated in RAN1 simulations. Besides, CPI, as a key parameter impacting the simulation results, should be unified in the simulation assumptions.

	ZTE
	Yes
	Sensing service latency discussed in TS 22.137 is requirement on whole 5G system, not only targeting on RAN1 side. The effect on latency from RAN1 side has been reflected by CPI. There is no need to involve one more new latency. 

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	We do agree that latency and refreshing rate are not suitable for direct evaluation in RAN1. We support that a constraint on the CPI should be defined as a simulation assumption.

	Xiaomi
	Yes
	In both parameters, RAN1 has very little impact and is dependent on other WGs. The only issue we potentially can include is the CPI, which many companies already have brought up in the simulation assumptions.

	LGE
	Yes
	Support. Considering service latency as a KPI may affect other WGs beyond RAN1 itself.

	OPPO
	Yes
	

	Spreadtrum
	Yes
	Support to exclude sensing latency, which is system- level KPI and beyond RAN1 scope. CPI can be analyzed without complex simulation.

	CMCC
	Yes with comment
	Without these metrics, at least a limitation on maximum CPI is necessary in simulation assumption.

	IDCC
	Yes
	Support the FL assessment.

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Nokia
	Yes
	Agree with CATT’s comment

	SONY
	Yes
	We can consider this in the future release.

	Ericsson
	Yes
	The sub-bullet can be removed, since CPI is discussed separately.

	Panasonic
	Yes
	

	Apple
	Yes
	



KPI values
	[FL3][H] Proposal 4.1-2 (outcomes of offline sessions in RAN1 #122)
· For Horizontal/vertical positioning accuracy,
· The required value of positioning accuracy shall be obtained based on the [X] percentile point of the cumulative distribution function (CDF) of the positioning estimation errors, for a given maximum false alarm and miss detection rate. 
· X=[90%, 95%, other values]

[FL3][H] Proposal 4.2-2 (outcomes of offline sessions in RAN1 #122)
· For velocity accuracy,
· The required value of velocity accuracy shall be obtained based on the [X] percentile point of the cumulative distribution function (CDF) of the velocity estimation errors, for a given maximum false alarm and miss detection rate. 
· X=[90%, 95%, other values]

[FL1][M] Proposal 4.8-1 (outcomes of offline sessions in RAN1 #122)
· The following KPI values are considered as starting point for the evaluation of NR ISAC.  
	Metric
	Requirements

	Missed detection Probability
	5%

	False Alarm Rate
	2%

	Horizontal Positioning Accuracy
	10 m @ 90%

	Vertical Positioning Accuracy
	10 m @ 90%

	Radial Velocity Accuracy
	1 m/s






Summary on company views

Category 1 from TS 22.137 as the starting point: Tiami
Category 1/2 from TS 22.137: IDC, CATT, DCM, ETRI, NIST, Nokia, Panasonic, LG
Category 1/2 from TS 22.137 can be satisfied: HW, vivo, Xiaomi

Fine to not define KPI values: Xiaomi

Confidence level
· 90%: Xiaomi, vivo, HW, IDC, CATT, OPPO, EURECOM, Sony, Google, Tiami, Apple, ZTE
· 95%: Xiaomi, CMCC, HW, IDC, OPPO, DCM, NIST, Google, Panasonic, SS
Missed Detection Probability
· 5%: IDC, Xiaomi, CATT, DCM, ETRI, EURECOM, NIST, Tiami, Apple, Panasonic, SS, ZTE
· 1%: CMCC
False Alarm Probability
· 5%: IDC, Xiaomi, CATT, DCM, ETRI, EURECOM, NIST, Apple, Panasonic, SS, ZTE
· 2%: IDC, DCM, ETRI, NIST, Tiami, Panasonic
· 1%: CMCC
Horizontal/Vertical Positioning Accuracy
· 10m, 10m: IDC, Xiaomi, CMCC, CATT, DCM, ETRI, EURECOM, NIST, Sony, Tiami, Apple, Panasonic, SS, ZTE
· 5m, 5m: 
· 2m, 5m: IDC, DCM, ETRI, NIST, Panasonic
· 2m, 2m: CMCC
Radial Velocity Accuracy
· 1m/s: IDC, Xiaomi, CMCC, CATT, DCM, ETRI, EURECOM, NIST, Tiami, Apple, Panasonic
· 5m/s: DCM, ZTE

SS: RAN1 should study whether 3D velocity can be directly applied to radial velocity before determining appropriate KPI value for radial velocity

[Moderator’s note] According to the discussion in last meeting, it is common view that positioning/velocity accuracy is to be defined based on certain percentile point of the CDF of corresponding estimation errors. The issue is what is the proper percentile point as confidence level. Based on the inputs, many companies express the support for 90% and 95%. Other values are not proposed. Therefore, the moderator suggests we agree on both values, for better observation on the performance with any increased complexity. 

[FL1][H] Proposal 4.4-1 
· For Horizontal/vertical positioning accuracy,
· The required value of positioning accuracy shall be obtained based on the [X] percentile point of the cumulative distribution function (CDF) of the positioning estimation errors, for a given maximum false alarm and miss detection rate. 
· X={90%, 95%}
· For velocity accuracy,
· The required value of velocity accuracy shall be obtained based on the [X] percentile point of the cumulative distribution function (CDF) of the velocity estimation errors, for a given maximum false alarm and miss detection rate. 
· X={90%, 95%}

	Company
	Yes/No
	Comments

	CATT, CICTCI
	
	Regarding the CDF point, we support using the 90% of the estimation error for the following reasons. Firstly, a more stringent metric is unnecessary at the initial stage of performance evaluation. Secondly, adopting both 90% and 95% would require multiple KPI values to measure sensing performance, which complicates the alignment on a common understanding of the KPI among companies.
Having said this, if adopting both 90% and 95% is the only way out, we can accept FL’s suggestion to move on.,

	ZTE
	No
	Different percentile would make it difficult to align simulation results from companies. It would be a dangerous decision to keep two different confidence level on table.
From our observation, it is too difficult to achieve simulation accuracy, false alarm probability and missing detection probability simultaneously when 95% confidence level is using, given current simulation assumptions fro 5G-A. Our suggestion is using 90% as starting point for 5G-A considering the limitation on wireless resource, and leaving 95% to 6G discussion.

	Huawei, HiSilicon
	
	Why do we need two values?

	Google
	Yes
	We support using both 90% and 95% percentiles. Evaluating at both levels allows for the necessary flexibility for a diverse range of ISAC service requirements, from those needing a balance of accuracy and practical constraints (90%) to those with stricter reliability needs (95%).

	Samsung
	Yes
	The KPI values should be aligned with the use cases studied in SA1. In addition, consistent assumptions will be needed to collect and compare results among companies. Although RAN1 may focus its evaluation on detection performance, we recall that this was the majority view in previous meetings. If that is the case, the UAV intrusion detection scenario in TR 22.870 seems the most suitable, and accordingly, the 95%-tile confidence level appears appropriate.

	Xiaomi
	Yes
	We think it is very good to compare company results at both confidence levels. This also gives some extra insight into the consistency of simulation results. In our view, we even prefer to have both confidence levels included rather than just one.

	LGE
	Yes
	We are open to both values. But, we prefer 95% over 90% to align with the existing KPI values defined in Category 1/2 of TS 22.137.

	OPPO
	
	We prefer not to define KPI’s, at least not at this early stage.
For the proposal itself, in our understanding, the wording “for a given maximum false alarm and miss detection rate” refers to the dependency of position/velocity accuracy upon the threshold used in association between a detected object and a true target, where this association somehow impacts the false-alarm and miss-detection. Then, the following agreement from last meeting may leave different companies to observe different X-ile KPI’s: 
Companies to report the method used for association of the detected object(s) and the true target(s)

	CMCC
	
	Different confidence level will lead to different requirements on KPI values.

	ETRI
	Yes
	We think it’s useful to compare results at both the 90th and 95th percentiles. If we must choose a single value, we prefer 95% over 90%.

	IDCC
	Comment
	In general, we do not have a problem with the proposal, but we think it would be clearer and more straightforward to have a single requirement.  We don’t see a strong technical motivation for specifying two requirements other than that companies have proposed multiple values.  If companies do not have a strong opinion, we would prefer to try to compromise on a single value, but we are ok with the proposal if a compromise cannot be found. 

	vivo
	Yes
	Our preference is to have 90% as mandatory assumption. But we can accept both if it is the majority company view.

	Qualcomm
	No
	Keep one value and we prefer 90%. 

	Nokia
	Yes
	We are, in principle, fine with obtaining the accuracy values from the CDFs as proposed. We recommend companies report both the 90% and 95% values.

	Ericsson
	
	‘required value’ in the proposal can be removed, since it implies KPI, which is in another proposal. In this proposal, the focus is that companies report both 90 and 95-tile positioning/velocity error.

	Panasonic
	Yes
	

	Apple
	Conditional
	We are fine with the definition but prefer 90%




[Moderator’s note] In the first study on sensing performance, it is preferred to start from use cases with loose requirement. The outcome of the study helps 6G study where an extensive study can be considered with much longer available time. From the inputs, all companies consider the existing KPI values from SA1 (category 1, and category 2 for some companies)) or ITU as staring point or reference for NR ISAC. Many companies also provide the preferred KPI values which are essentially in the same level as category 1/2 of SA1 TS 22.137. 

Therefore, it is preferrable to try exact KPI values first. If it is not agreeable, a fallback proposal will be to adopt category 1/2 of SA1 TS 22.137. 

[FL1][M] Proposal 4.4-2 
· The following KPI values are adopted for the evaluation of NR ISAC.  
	Metric
	Requirements

	Missed detection Probability
	5%

	False Alarm Rate
	5%

	Horizontal Positioning Accuracy
	10 m

	Vertical Positioning Accuracy
	10 m

	Radial Velocity Accuracy
	1 m/s



	Company
	Yes/No
	Comments

	ZTE
	Partly no
	1 m/s accuracy on velocity is too high, calling for extremely long CPI to achieve related resolution. Also it is not very reasonable to combine requirement on missing detection, false alarm and position accuracy from sensing category#1 in TS 22.137 and requirement on velocity from sensing category#2.
From our observation, 5m/s accuracy on velocity sensing is a reasonable and achievable KPI considering current used CPI length.

	Huawei, HiSilicon
	
	We suggest to clarify the relationship between the KPI set here and related SA1 category requirement in TS 22.137.
For example, one sentence could be added below the table.
Note: RAN1 understands the KPI is mapped to ISAC service category 1 defined in TS 22.137.

	Samsung
	
	We generally fine with the proposal. However, we are curious about the selection method for radial velocity KPI. This is because it is not clear whether the velocity defined by SA1 refers to 3D velocity or radial velocity. If the KPI is defined based on 3D velocity, would it still be appropriate to directly apply it to radial velocity?

	Xiaomi
	Yes
	

	LGE
	Yes
	Support the reuse of existing values aligned to Category 1 in TS 22.137.

	OPPO
	
	We think it is premature to agree these values. Companies may need to look at more evaluation results to reach a common preference.

	Spreadtrum
	
	We propose to define a set of candidate values for disputed KPIs (e.g., velocity). Final selection can be based on collective simulation results.

	CMCC
	No
	Firstly, the requirement for both detection and tracking should be discussed and evaluated in RAN1. 
Secondly, the requirement of missed detection probability and false alarm rate cannot meet the requirement of safety use case. Safety is the most important requirement we identified from the perspective of deployment. We demand 1% missed detection probability and 1% false alarm rate for UAV scenario.

	ETRI
	
	We prefer to adopt the values of Category 1 in TS 22.137. Category 2 could be optional that is up to company to report.

	IDCC
	Comment
	It seems that some clarification is need given the wording of proposal 4.4-1. The KPI should establish clear requirements. If companies can select their CI, then it seems that the KPI should establish worst-case performance.  If worst-case performance requirement is met then we don’t need to specify that companies can select their own CI.

	vivo
	Yes
	

	Nokia
	
	We would like to see two sets of requirements. One stringent requirement category 1 and the category 2 with relaxed requirements. We also think 1 m/s radial velocity accuracy is difficult to achieve. Need to clarify about the false alarm rate because there are two types. Do we need both false alarm rates or either one of them?

	Ericsson
	
	We think there is no need to define KPI. 
Requirements in 22.137 or ITU IMT2030 TPR may not be applicable, given we assume very different simulation assumptions in NR sensing SI, such as no interference except self-interference.

	Apple
	Yes
	



Others
Summary on company views

· Range and bearing accuracy: IDC

· Max Detectable Range: SS

DCM (Interpretation 2)
· Interpretation 1: True targets and detected objects are associated per TRP and each metric is calculated per TRP first, and those for 21 TRPs are averaged then.
· Interpretation 2: All detection results at 21 TRPs are collected, true targets and detected objects are associated based on all the results, and then each metric is calculated.


[Moderator’s note] Regarding the two interpretations from DOCOMO-san, I believe it is already clarified in last meeting. So, the right one is interpretation 2. When we do association between detect objects and true targets, it is per drop. No matter what sensing algorithm is used, with or without cooperative sensing, we first generate a set of detected objects in the simulation area (or the drop). Then, we associate the set of detected objects with true targets in the simulation area. During the process of association, we don’t care which detect object is obtained by which TRP. 

Evaluation methodology

Tracking 

Summary on company views

Tracking 
· supported in RAN1 evaluation: CMCC 
· Not considered in the study: OPPO, Apple
· Can be studied: Vivo, HW (based on one-shot results), Hanbat, Sony, MTK, Sharp, SS (if time permit), Lenovo
· Multiple measurements of the same sensing target need to be associated to obtain the trajectory: China Telecom, ZTE, CAICT, CATT, Pengcheng Laboratory
· Low priority and up to company report: IDC, Xiaomi, DOCOMO, ETRI, E///

HW: Analyse the end-to-end performance with trajectory processing based on the result from each individual one-shot evaluation.
OPPO: 
· Because tracking can be implemented based on time-stamped position history, it is unnecessary for RAN1 to study it specifically
· Different processing procedure will be applied to evaluate false alarm probability type 1, and other metrics, e.g., miss detection probability, false alarm probability type 2 and accuracy

[Moderator’s note] All companies mentioned in their papers that “Detection” should be evaluated. For tracking several companies explicitly brought up that it should not be studied, and some others expressed that it can be taken into account if time allows.
· Simulation for tracking requires more discussions on the evaluation assumptions, e.g., how to setup the trajectory of UAV, and potential much diverse view on how to use the assumption of a trajectory in the sensing algorithm. All such issues are not ever discussed in ISAC channel model which is the starting point for current study. In fact, it is first time for 3GPP to evaluate sensing performance. 
· In the first study on sensing performance, it is preferred to start from use cases with loose requirement.
· What is important to notice is that for tracking no new metrics need to be defined. The potential information to assist object trajectory is more related to measurement/report and is not directly an issue for RAN1 evaluation. On the other hand, if desired by certain companies, it is also helpful if the proponent can provide evaluation results in the study item.

Therefore, we can leave it company choice whether UAV tracking is simulated or not. 

[FL1][M] Proposal 5.1-1 for conclusion
· Up to company to report evaluation results for UAV tracking in NR ISAC study. 
· Proponent company should clarify which parameters are updated or newly added, and the relative simulation assumptions. 

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Support FL’s proposal.

	ZTE
	Yes
	According to SID description, there is no limitation focusing on UAV detection only. Companies feeling interested on tracking should feel free to do related simulation and report the evaluation results for tracking additionally. 
The evaluation uses a simplified channel model without the dynamic clutters, which makes tracking not a must to extract the target. The impact of tracking should still be considered in measurement report to support practical implementation even though it is not necessary in the evaluation.

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	

	Samsung
	Yes
	

	Xiaomi
	Yes
	In our view, RAN1 has discussed everything that is needed for tracking and no additional efforts within the group are needed. There is no need for a new metric to agree on and object trajectory can be reported by the company when they provide their results.

	LGE
	Yes
	Agree that evaluation results for tracking cannot be excluded.

	Spreadtrum
	Yes
	

	CMCC
	No
	The low-altitude economy is a key deployment scenario for 5G-A ISAC. The requirement from industry includes: 1) illegal UAV detection from safety point of view; 2) illegal UAV tracking for expulsion; 3) legal UAV tracking for route management. Based on the requirement from industry, UAV detection and tracking are both important use cases and should be evaluated in RAN1. 
Considering the complexity of evaluation, the evaluation methodology for tracking use case can be simplified. For tracking evaluation, the prior knowledge about target’s position and velocity is provided to the sensing algorithm. Then tracking performance evaluations can also be done based on single snapshot simulations. The trajectory model is not needed.

	ETRI
	Yes
	

	IDCC
	Yes
	

	vivo
	Yes with comment
	We suggest modifying the sub-sub-bullet as
Proponent company should clarify which parameters are updated or newly added, and the relative simulation assumptions and channel model for target maneuvering.

	Nokia
	Yes 
	We are ok with FL’s proposal

	SONY
	Yes
	Our preference is to focus and make a solid evaluation of sensing detection. Hence, down-prioritize the sensing tracking.

	Ericsson
	
	Does the sub-bullet mean companies should report how often parameters (such as RCS components B1, B2) are updated and what simulation parameters (e.g., trajectory) are introduced to tracking?

	Panasonic
	Yes
	

	Apple
	Yes
	Fine that it is up to companies to do so but think that detection is prioritized in the discussion/analysis. 



Procedure for sensing evaluation

Summary on company views

Evaluating the isolated performance of sensing apart from that of communication: SS

Channel generation
· power normalization across different target channel responses: CATT

Sensing method
· For single-TRP monostatic, relying on both delay- and angle-based measurements: IDC, Tejas
· multi-TRP monostatic sensing: IDC, vivo, HW
· OPPO: The object detection based on path/point energy and a set of target characteristics should be considered.
· The set of target characteristics may include specific delay range, specific macro-Doppler range and micro-Doppler pattern.

Beam operation
· Narrow Tx beams and beam sweeping: Tejas, EURECOM, NIST
· Wide Tx beam: Tejas, NIST, QC(pointing upwards)
· Merging redundant detection of overlapped Tx beams: Tejas


HW
[image: ]
[bookmark: _Ref205372470]Figure 3 Process flow diagram of sensing processing chain.
Vivo


[bookmark: _Ref205973485]Figure 1: Evaluation procedure for ISAC.
· Proposal 4: 	Signal generation and transmission should be modeled in the ISAC evaluation.
· Proposal 9: 	The object estimation and tracking that are related processes can be studied in 5GA ISAC relying on a maneuvering target model if time allows.
· Proposal 11: 	If time allows, RAN1 can consider the non-maneuvering model of Case-1, using discrete-time state-space model
· Observation 6: Modelling the blade rotation-induced micro-Doppler improves detection probability of UAVs with low radial velocity.

OPPO


Figure 1 sensing signal processing procedure 1 (for FA probability Type-1)


Figure 2: sensing signal processing procedure 2 (for FA probability Type-2 and other metrics).
EURECOM
	[bookmark: _Ref210230562]The evaluation simulation is set up following the below steps:
1. Simulation parameter configuration
2. Sensing scenario generation
3. Drop N targets, N  {0, 5}
4. Channel generation
5. Sensing node selection
6. Sensing signal generation: sensing signal is generated based on the parameters configured in Step 1 such as sequence type, comb sizes, time and frequency resources.
7. Sensing signal transmission
8. Receive signal at the receiver
9. Channel estimation
10. Target detection: a threshold is chosen for target detection based on the requirement of false alarm rate and detection rate
11. Sensing metric calculation (if a target is detected): positioning, velocity by using 2D-FFT algorithm as the sensing algorithm. 2D-FFT algorithm is used as a baseline for the sensing algorithms
12. Sensing results: range, angle, velocity




Ericsson
1. Reference signals are transmitted from a TRP. The configuration of the reference signals are determined based on prior information of the target of interest, such as range of velocity, range of possible distances of the target etc. 
2. Transmitted signal is received after scattering off targets or scatterers. The received signal is matched filtered to generate channel impulse response (CIR). CIR generated from subsequent transmissions of reference signal is collected.
3. Delay-Doppler processing of CIR collected from several reference signal transmissions and receptions is done. 
4. Clutter suppression algorithms are used to suppress receptions from unwanted static or moving scatterers.
5. Signal level above a threshold (based on radio cross-section of the target) within the chosen prior Delay-Doppler range would indicate a presence of object of interest. This would lead to detection of the object of interest. 
ZTE
[image: ]
Figure 5-1 Algorithm procedure to process the received sensing signal

Nokia
[image: A diagram of a diagram
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Figure 2: Sensing framework with functional blocks 
[image: A diagram of a signal processing system

AI-generated content may be incorrect.]
Another important aspect for the accurate performance characterization is the interface between the link-level and system level simulations.


[Moderator’s note] Based on the inputs, most companies share the common understanding on the basic procedure to simulate sensing performance, as captured in the proposal on procedure of evaluation methodology from last meeting. 

There is no need to run LLS simulation first, then incorporate the results to SLS simulation using a link-to-system interface. In fact, the link-to-system interface was well studied for evaluation of communication performance. However, it is not clear how to model the proper link-to-system interface for sensing. There is no link level channel model from Rel-19 ISAC channel model study too. 

From moderator point of view, there are not much diverse views on the general procedure for the sensing evaluation. Please check if the following proposal is agreeable. 

[FL1][M] Proposal 5.2-2 
· The following general procedure is considered for performance evaluation of NR ISAC. 
1) Simulation parameter configuration 
2) Sensing scenario generation, including the deployment of sensing Tx/Rx
3) Dropping N target(s), where N is equal to 0 or larger than 0
4) Channel generation
5) Sensing Tx/Rx selection for the targets
6) Sensing signal generation
7) Sensing signal passes the generated channel
8) Channel estimation and sensing signal processing at receiver
· Different level of measurements can be considered (discussed in section 7.1)
9) Sensing performance metric calculation without consideration of cooperative sensing of multiple TRPs
10) If supported, sensing results fusion and sensing performance metric calculation by cooperative sensing of multiple TRPs

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Companies should clarify in their evaluation results whether multiple TRPs sensing results fusion is applied.

	ZTE
	Yes
	Agree with CATT, and even selecting best measurement results among multiple TRPs sensing results should still be seen as multiple TRP fusion.
Nevertheless, we do not see the priority to discuss the procedure. Medium results may impact performance, is it needed to reflect it in the simulation results ?

	Huawei, HiSilicon
	
	We have two comments.

Comment 1:
Sensing Tx/Rx selection for the targets is not clear to us. There are 15 targets over simulated area. Prior to generation of the channel, what is the criteria of selecting the Tx/Rx for each respective target?

Comment 2:
We suggest to change the procedure steps 9 and 10.
The reasons are that 
Sensing performance metric calculation should be decoupled with whether fusion is done.
Sensing performance metric calculation requires ground truth information for the association, while sensing result fusion (e.g. at SF) cannot use ground truth information.

So the suggested procedure update is as follows
· The following general procedure is considered for performance evaluation of NR ISAC. 
1) Simulation parameter configuration 
2) Sensing scenario generation, including the deployment of sensing Tx/Rx
3) Dropping N target(s), where N is equal to 0 or larger than 0
4) Channel generation
5) If supported, Sensing sensing Tx/Rx selection for the targets
6) Sensing signal generation
7) Sensing signal passes the generated channel
8) Channel estimation and sensing signal processing at receiver
· Different level of measurements can be considered (discussed in section 7.1)
9) If supported, sensing results fusion from multiple links
10) Sensing performance metric calculation without consideration of cooperative sensing of multiple TRPs
If supported, sensing results fusion and sensing performance metric calculation by cooperative sensing of multiple TRPs

	Xiaomi
	Yes
	

	LGE
	Yes
	Overall, we are generally agreeable with the proposal. However, we share the same view as Huawei regarding procedure steps 9 and 10. We suggest revising them as follows:
9) If supported, sensing results combining/fusion from multiple TRPs
10) Sensing performance metric calculation

	OPPO
	
	“Different level of measurements can be considered” is not clear to us. Sensing performance metric is used to evaluate the performance of the measurements. Does it mean sensing performance metric can be evaluated base on different level of measurements, such as intermediate sensing result after detection and final sensing results after clustering and selection, which will lead to different performance evaluation results.

	CMCC
	
	There is no need to add “Channel estimation” in step 8. Sensing usually implements matched filtering in stead of channel estimation to obtain a delay spectrum.
Let Y be the received value of a RE, and X be the value modulated on this RE.
	Channel estimation
	Z=Y/X

	Matched filtering
	Z=Y*conj(X)




	Moderator
	
	@Huawei: changed to sensing Tx/Rx association instead of using ‘selection’
@Huawei, LGE: changed the last bullets according to the comments
OPPO: The intention is to say measurements can be discussed separately. Since it causes confusion, let’s delete it. 
@CMCC: seems fine to delete channel estimation

Similar to bullet 9), I add a sub-bullet “Company should report the details on Sensing signal processing.” Under bullet 8). I think it is understandable we don’t have time to discuss details of sensing algorithm. 

	IDC
	Yes, with comments
	In general we are ok with the proposed direction but there are some aspects that seem a little unclear:
1. As noted in 3) N may be 0, and it is not clear what is done in step 5) if this is the case. Is sensing Tx/Rx selection only done in drops where a N=0.  This does not seem to allow for any method to evaluate FA type-1
2. In step 4 is the intention that target channels for every target are superimposed in each channel realization between each sensing Tx and Rx?
3. Are interference channels generated based on this approach?   

	Nokia
	
	We are fine with the steps proposed by FL initially. We recommend that the performance requirements should be met at step 9. 
Step 10 should be optional. As the monostatic sensing modeling and parameters are the focus in rel 20 5GNR ISAC in RAN1, fusion of only the monostatic sensing at multiple TRPs is possible. If the bistatic sensing is used for multi-TRP fusion, the modeling details need to be included as well. 



[FL2][M] Proposal 5.2-2-rev1 
· The following general procedure is considered for performance evaluation of NR ISAC. 
1) Simulation parameter configuration 
2) Sensing scenario generation, including the deployment of sensing Tx/Rx
3) Dropping N target(s), where N is equal to 0 or larger than 0
4) Channel generation
5) Sensing Tx/Rx selection association for the targets
6) Sensing signal generation
7) Sensing signal passes the generated channel
8) Channel estimation and sSensing signal processing at receiver
· Different level of measurements can be considered (discussed in section 7.1)
· Company should report the details on sensing signal processing. 
9) If supported, sensing results fusion from Sensing performance metric calculation without consideration of cooperative sensing of multiple TRPs
· Company should report the details on sensing results fusion if supported. 
10) Sensing performance metric calculation.  If supported, sensing results fusion and sensing performance metric calculation by cooperative sensing of multiple TRPs

	Company
	Yes/No
	Comments

	vivo
	Yes with clarification
	The 9) needs to be clarified prior to deciding whether cooperative sensing of multiple TRPs is included or not.
1. Clarify the rules for target-TRP association and corresponding channel generation: All sensing targets (i.e., 15 sensing targets across 3 sectors) associated with each TRP, or a subset of sensing targets (i.e., 5 sensing targets in 1 sector) associated with each TRP?
2. Clarify the meaning of "single TRP monostatic sensing": Does it refer to only one TRP performing sensing for all targets or a subset of sensing targets, or does it allow multiple TRPs to perform sensing for all targets or a subset of sensing targets without result fusion?
3. Clarify the meaning of "cooperative sensing": If multiple TRPs perform sensing for all targets without result fusion, and the sensing results of each TRP are only compared with the ground truth of their associated targets, should this be categorized as cooperative sensing?

	Nokia
	no
	We don’t support the changes to steps 9 and 10. We recommend to stay with previous steps 9 and 10.

	
	
	

	Ericsson
	
	We suggest removing 9). SID states a single TRP with co-located sensing transmitter and receiver, which precludes the fusion of measurements generated by multiple TRPs.



Evaluation assumptions
Evaluation parameters for UAV sensing scenarios and calibrations
	Parameters
	Value

	Applicable communication scenarios
	UMi, UMa, RMa, SMa 
UMi-AV, UMa-AV, RMa-AV [36.777]
	
UMa-AV

	Sensing mode
	
	TRP monostatic, TRP-TRP bistatic, TRP-UE bistatic, UE-UE bistatic

	Carrier Frequency
	
	FR1: 6 GHz
FR2: 30 GHz

	Sectorization
	
	Single 360-degree sector can be assumed

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

	RCS for each scattering point
	
	Component A: -12.81 dBsm
Component B1: 0 dB
Component B2: 3.74 dB for standard deviation
The same values are used for monostatic RCS and bistatic RCS

	Fast fading model 
	
	TR 36.777 Annex B.1.3 

	Absolute delay
	
	The model of UMa scenario defined in Table 7.6.9-1 is reused for UMa-AV for all sensing modes.

	(u, std) for XPR of target
	
	Mean 13.75 dB, deviation 7.07 dB

	The power threshold for path dropping after concatenation for target channel
	
	-40 dB

	BS antenna configurations
	
	Single dual-pol isotropic antenna

	BS Tx power
	
	FR1: 56dBm
FR2: 41dBm

	Bandwidth
	
	FR1: 100MHz
FR2: 400MHz

	BS noise figure
	
	FR1: 5dB
FR2: 7dB

	Sensing transmitters and receivers properties
	STX/SRX Locations

	STX/SRX locations are selected among the TRPs and UEs locations in the corresponding communication scenarios.
see note 1
	

	Sensing target
	LOS/NLOS
	LOS and NLOS 
	

	
	Outdoor/indoor
	Outdoor
	

	
	3D mobility
	Horizontal velocity: uniform distribution between 0 and 180km/h, if horizontal velocity is not fixed to 0. 

Vertical velocity: 0km/h, optional {20, 40} km/h
see note 2 and 3
	

	
	3D distribution
	Horizontal plane: 
Option A: N targets uniformly distributed within one cell. 
Option B: N targets uniformly distributed per cell. 
Option C: N targets uniformly distributed within an area not necessarily determined by cell boundaries.
N = {1, 2, 3, 4, 5}
see note 4

Vertical plane: 
Option A: Uniform between 1.5m and 300m.
Option B: Fixed height value chosen from {25, 50, 100, 200, 300} m assuming vertical velocity is equal to 0.
	1 target uniformly distributed (across multiple drops) within the center cell. Vertical distribution: Fixed height value of 200 m.

	
	Orientation
	Random in horizontal domain
	

	
	Physical characteristics (e.g., size)
	Size:
Option 1: 1.6m x 1.5m x 0.7m 
Option 2: 0.3m x 0.4m x 0.2m
	


	Minimum 3D distances between pairs of STX/SRX and sensing target
	Min distances based on min TRP/UE distances defined in TR36.777.
	10 m

	Minimum 3D distance between sensing targets
	Option 1: At least larger than the physical size of a target
Option 2: 10 meters
	

	Wrapping Method
	
	No wrapping method is used if interference is not modelled, otherwise geographical distance based wrapping

	Coupling loss for target channel
	
	power scaling factor (pathloss, shadow fading, and RCS component A included):


	STX/SRX selection
	
	Best N = 4 STX-SRX pairs to be selected for the target. 

see note 1

	NOTE 1: 	This may include aerial UEs for UMi-AV, UMa-AV, RMa-AV communication scenarios. In this case, other STX/SRX properties (e.g. mobility) are also taken from the corresponding communication scenario.
NOTE 2: 	3D mobility can be horizontal only or vertical only or a combination for each sensing target
NOTE 3:	time-varying velocity may be considered for future evaluations.
NOTE 4: 	N=0 may be considered for the evaluation of false alarm



Antenna configuration
1.1.1 Number of antenna elements/panels/TxRU/ports
	[FL3][H] Proposal 6.3-1-rev4 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed for the evaluation on NR ISAC. FFS down-selection between the two options. 
	Parameters
	Assumptions 

	BS antenna configuration
	4GHz, 4.9GHz
	6GHz

	
	For Option 1: 
· Tx: (12,16, 2,1,1;2,16). 
· Rx: (12,16,2,1,1;2,16)
Option 2: 
· Tx: (8,8,2,1,1;4,8). 
· Rx: (8,8,2,1,1;4,8)
	For Option 1: 
· Tx: (16,16, 2,1,1;4,16). 
· Rx: (16,16,2,1,1;4,16)
Option 2: 
· Tx: (8,8,2,1,1;4,8). 
· Rx: (8,8,2,1,1;4,8)


Note: Tx antenna elements and Rx antenna elements are operating simultaneously 



Summary on company views

BS antenna configuration
· [bookmark: OLE_LINK1]Option 1: (12,16, 2,1,1; 2,16) for 4GHz or 4.9GHz, (16,16, 2,1,1;4,16) for 6GHz
· Spreadtrum (tracking), HW, CMCC, ZTE
· Option 2: (8,8,2,1,1;4,8) for 4GHz or 4.9GHz or 6GHz
· Spreadtrum (detection), vivo, IDC, Xiaomi, CATT (large vertical angle unambiguous range), Sony, Apple, QC, E// (baseline), Lenovo
· E//: two panels with a separation of (da,H,da,V) = (0, 4)λ between them
· (M,N,P,Mg,Ng;Mp,Np) = (4,8,2,1,1; 4,8): OPPO, SS (half panel)

· (dH, dV), +45°/-45° polarization
· (0.5, 0.5)λ: Vivo
· (0.5, 0.8)λ: Huawei, Xiaomi, CATT, E//, Lenovo
· Companies to clarify the beam set and associated beam sweeping rules: vivo

Spreadtrum: the BS antenna configuration and BS mechanical downtilt should be jointly considered and defined based on the specific application scenario

[Moderator’s note] All companies discuss the antenna configuration based on the two options from offline session of last meeting. Though option 2 gets majority support, some companies strongly prefer Option 1 since it is the configuration in the trial of low-altitude economy in China. Therefore, the moderator proposal is to allow both. On the other hand, it is good if a common case can be simulated by all interested companies. Therefore, it is proposed to make Option 2 as mandatory, while Option 1 as optional. 

One clarification to avoid misunderstanding, taking Option 2 for 4GHz, 4.9GHz as example, it means the Tx antenna array and Rx antenna array are both (8,8,2,1,1;4,8). In other words, the total number of antenna elements is 8x8x2x2 = 256. 

There are also proposals to clarify that  = (0.5, 0.8)λ, +45°/-45° polarization. I think this should be common view, since it is aligned with the assumption for communicaiton evaluation. 

One company proposes to discuss a gap between the Tx antenna array and the Rx antenna array. It seems not necessary. In the real deployment, there must be a distance between the Tx/Rx antenna arrays. However, we don’t explicitly consider it in the simulation which is also the assumption when we discuss target/background channel model in Rel-19. 

[FL1][H] Proposal 6.1-1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC. 
	Parameters
	Assumptions 

	BS antenna configuration
	For 4GHz, 4.9GHz:
· Option 1 as optional 
· Tx: (12,16, 2,1,1;2,16) 
· Rx: (12,16,2,1,1;2,16)
· Option 2 
· Tx: (8,8,2,1,1;4,8)
· Rx: (8,8,2,1,1;4,8)
	For 6GHz: 
· Option 1 as optional  
· Tx: (16,16, 2,1,1;4,16) 
· Rx: (16,16,2,1,1;4,16)
· Option 2: 
· Tx: (8,8,2,1,1;4,8)
· Rx: (8,8,2,1,1;4,8)

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


Note: Tx antenna elements and Rx antenna elements are operating simultaneously 

	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Agree with FL’s proposal.

	ZTE
	No 
	The antenna configurations option 1 has been used in existing product deployed in 5G-A system. It is necessary to keep option 1 as mandatory to evaluate such configurations’ performance on UAV detecting and tracking.

	Huawei, HiSilicon
	
	We do not support this proposal.
There was already the 128T enhancement in Rel-19 MIMO, and there is no reason to reduce the number of TXRUs for sensing, especially when the antenna aperture significantly impact the sensing performance.
Therefore, Option 1 should be mandatory.

	Samsung
	Yes
	

	Xiaomi
	Yes
	We should strive for one common configuration that is used by as many companies as possible. Option 2 is the same regardless the carrier frequency and should be used as the baseline. We are fine with Option 1 to optionally consider it as an additional setting.

	LGE
	Yes
	Agree to consider Option2 as the baseline.

	Spreadtrum
	
	We agree to establish a common baseline for evaluations

	CMCC
	No
	Support Option 1. It is the typical configuration in commercial products. 

	vivo
	Yes
	We prefer  = (0.5, 0.5)λ, +45°/-45° polarization with the following reasons.
According to the Nyquist-Shannon theorem, the following condition for unambiguous angular range is required to obtain a unique spatial frequency

Hence,

where  and .
On the other hand, the angular resolution (or spatial resolution) is

where .
Therefore, to maximize the unambiguous angular range, it requires , while to minimize the angular resolution, it requires . As a consequence, .

	Qualcomm
	Comment
	We also prefer 0.5 for both dh and dv,

	Nokia
	
	We are fine with all these antenna configurations, but we recommend that only one antenna configuration option per band should be agreed. Fewer options would help for better performance comparison/alignment among companies. 

	SONY
	Yes
	Option 2 as the baseline

	Ericsson
	Yes
	

	Apple
	Yes
	



1.1.2 Other BS antenna configuration
	[FL1][H] Proposal 6.3-2-rev2 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

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

	BS Mechanic tilt (downtilt angle)
	Option 1: 90° in GCS (pointing to horizontal direction): 
Option 2: 102°

	BS Electronic tilt
	Up to company report


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






Summary on company views

BS antenna radiation pattern
· Table 7.3-1 in TR38.901: Sharp
· Table 9 in Report ITU-R M.2412: Huawei, SS, Xiaomi, QC

BS Mechanic tilt (downtilt angle)
· 90 degree: Xiaomi, Huawei, CMCC, CATT, Hanbat, QC, E//, Sharp, ZTE, Lenovo
· 102˚ in GCS (pointing to horizontal direction): SS, Apple

BS Electronic tilt: Beam set at TRxP
· Up to companies: Xiaomi, QC, Sharp
· Given beams direction: SS
· FR1
· Azimuth angle φi = 0
· Zenith angle θj = {[pi*78/180], pi*102/180}
· FR2
· Azimuth angle φi = {-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16}
· Zenith angle θj = {[pi/8,3*pi/8,],5*pi/8, 7*pi/8}

Polarized antenna model
· Model-2 in clause 7.3.2 in TR 38.901: Xiaomi, Apple, QC, Sharp

CMCC
· Proposal 12: RAN1 should study and clarify the strategy for Tx port mapping for all target channels and background channel.
· Proposal 13: RAN1 should study and clarify the strategy for Rx port mapping in all target channels and background channel.

[Moderator’s note] The most controversial point in last meeting discussions is about mechanical tilt of 90 degrees. The intention is to say the boresight of each antenna element point to horizontal direction. From the inputs in this meeting, companies start to converge to mechanical tilt of 90 degrees. Base on the inputs, an interpretation of TR 38.901 could be, 
· In Table 7.8-1A, 7.8-2A and 7.8-6A, both mechanical downtilt and electronic downtilt are used. The mechanic downtilt is larger than 90 degrees. 
· In Table 7.8-1, only electronical downtilt is captured. Since it is not explicit captured, the default assumption for mechanical downtilt should be 90 degrees. 
On the other hand, due to the different preference from companies, it is still proposed that the electronical tilt is up to company choice. However, the details should be reported for understanding.
  
[FL1][H] Proposal 6.1-2 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

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

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

	BS antenna electrical tilt
	Up to company report

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



	Company
	Yes/No
	Comments

	CATT, CICTCI
	
	OK with the assessment. In general we think assumption on traditional communication can be applied, unless specifically clarified otherwise. 

	ZTE
	
	It is better not to refer to radiation pattern from ITU-R. For simplicity, we can just agree the following where the table 7.3-1 in TR38.901 reflects 90° mechanic tilt. 
TR38.901 Table 7.3-1 is used for Radiation power pattern of a single BS antenna element.

	Huawei, HiSilicon
	
	We wonder the necessity of keeping both tilt values in separate rows.
In addition, for polarized antenna modeling, we do not support restricting it to only model-2. Model-2 is a simplification of model-1, and companies should be encouraged to use a more realistic polarization model.

	Samsung
	
	For BS antenna mechanic tilt, we would like to keep 102 degree assumption for comparison the impact.

	Xiaomi
	Yes
	Regarding the comment from SS, we think since electric tilt and mechanic tilt together set the vertical beam direction, and since electric tilt is up to companies to report, it does not really matter which mechanical tilt is used, can still be compensated with an electric tilt.  

	LGE
	Yes
	We believe that the existing evaluation assumptions can be reused, and that the beam direction can be partially adjusted using electrical tilt, depending on each company's implementation preference.

	OPPO
	
	For BS antenna mechanic tilt, 38.901 v19.0.0 still says it is 102 degree (pointing to the ground) in official calibration. But this number is removed from v19.0.1 by 7~24GHz SI. Anyhow 102-degree is the number showing in 38.901 over almost full spec cycle of 5G. We suggest to look at both 90 and 102 as two options.

	CMCC
	
	We are OK with the electrical tilt angle being reported by companies. However, the following observations indicate that the influence and strategy of electrical tilt (or DBF) should be clarified.
Observation 1: Choosing the best Tx beam for each sensing target is impossible in practical for multi target sensing. 
Observation 2: Beamforming strategies will multiplicatively increase the sensing overhead. 

	Moderator
	
	@ZTE: “radiation pattern from ITU-R” is referred in many early TRs in 3GPP, and it is same as the radiation pattern in 38.901. I don’t know the early discussion, just following existing TR to refer to radiation pattern from ITU-R
@CMCC: seems your comments should be discussed under section 6.5, i.e., sensing Tx/Rx selection. One related issue is Tx beamforming, I add a bullet to ask company report the details. 
 
Regarding mechanic tilt, I find both mechanical tilt and electric tilt in TR 38.901. There are different views from companies too. Therefore, it is necessary for the clarification. Considering the inputs, the proposal is still 90 degree



[FL2][H] Proposal 6.1-2-rev1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

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

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

	BS antenna electrical tilt
	Up to company report

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


· Companies should report the details on Tx beam generation at TRP. 

	Company
	Yes/No
	Comments

	vivo
	Yes
	

	Qualcomm
	Comment
	Suggest to improve the last bullet to: 
Companies should report the details on Tx beam generation and number of Tx beams being used at TRP

	Nokia
	yes
	We are fine with the FL’s proposal

	Ericsson
	Yes with modifications
	Companies should agree to use a wide beam for sensing in the evaluations. As CMCC pointed out, in reality,  it is impossible to choose a beam where the target is located, so a wide beam that illuminates the whole sector needs to be used for evaluations. Modify the note as follows. 

A wide transmit beam covering the whole sector should be used at the TRP for sensing. Companies may still report implementation details of Tx beam generation if relevant.




Power/Interference modelling 
1.1.3 Self-interference 
	[FL1][H] Proposal 6.4-1-rev1 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Antenna isolation
	· Option 1: 65dB
· Option 2: 80dB

	BS Rx saturation power
	-28dBm

	BS Tx power
	When Tx/Rx operates simultaneously, 
· BS_maxpower = BS Rx saturation power + Isolation, i.e, 
· Option 1: 37dBm
· Option 2: 52dBm
Otherwise, max BS Tx power is 56dBm






Summary on company views

Antenna isolation
· 65dB: IDC, Huawei, CMCC, CATT, Xiaomi, DCM, SKT, ETRI, ZTE, E/// (baseline), SONY, QC, MTK, Sharp
· 80dB: IDC, Huawei, Xiaomi, DCM, SKT, ETRI, QC, SONY, Apple, Sharp

BS Rx saturation power: 
· -28dBm: IDC, HW, Xiaomi, CMCC, ZTE, CATT, SKT, ETRI, E///, Apple, QC, Sharp

BS Tx power:
· BS Rx saturation power + Isolation: IDC, Huawei, CMCC, CATT (CW), Xiaomi, DCM, SKT, ETRI, EURECOM, E///, Apple, QC, MTK, Sharp, ZTE
· Given values:
· FR1
· 52dBm: OPPO
· 49dBm: SS
· 56dBm: IDC, CATT (PW), Apple (PW),ZTE
· FR2: 
· 30 dBm: SS

Self-interference
· Not modelled: HW

BS Tx noise: QC
· -24 dBm per TxRU: ZTE
· -26dBm per TxRU: CATT
· Not modelled: Apple
· Digital SIC gain: QC
· For short pulse signal: E//
· Boosting of the noise floor: SS
residual self-interference (as the SBFD study) as a frequency flat additive noise: SS, Lenovo?

CATT: perform power attenuation and random phase rotation on the time-domain transmitted signal without excess delay.

QC: With regards to FD self-interference modelling for evaluation, support the following simplified modelling:
· Interference Modelling 1 (linear blocker): For each digital Rx port, for each OFDM symbol, add the Tx signal attenuated by X dB to the Rx signal.
· Interference Modelling 2 (non-linear interference): For a given Tx Noise of Y dBm, a given spatial isolation of X dB, a given digital SIC level of Z dB, generate at each digital Rx port, Rx noise at each OFDM symbol
· FFS: statistical distribution of the Rx noise, correlation of the Rx noise across OFDM symbols, processing gain across time, etc.


[Moderator’s note] All companies discuss the antenna isolation based on the offline proposal from last meeting. Both 65dB and 80dB get much support. Therefore, the moderator proposal is still to agree on both values. 

The following observations from last meeting are still kept for the understanding of the proposed values. 
· Based on the inputs, key controversial point is antenna isolation. Some companies refer to the product, e.g., from trials on UAV sensing in China, and propose 65dB. While some other companies refer to duplex enhancement study and propose e.g., 80dB. Another reason to have 80dB antenna isolation is to consider technical progress in coming years.  
· The proposals on BS Rx saturation power are different but quite close. One way forward is to take the middle value, i.e., -28dBm. (note: companies’ inputs in this meeting are pretty well aligned to -28dBm)
· Finally, the maximum allowed BS Tx power is “BS Rx saturation power + Isolation”. That is, the maximum Tx power assuming antenna isolation 65dB and 80dB are 37dBm and 52dBm respectively. Note: though there is a good support of 56dBm, it is not practical with the assumption of antenna isolation. 

One more received comment is to delete the words “Otherwise, max BS Tx power is 56dBm”. Since the words are introduced for pulse waveform, and our current discussion is for CP-OFDM assuming simultaneous transmission, it would be fine to delete the words. Anyway, we already have a condition “When Tx/Rx operates simultaneously,” which clarify the usage of the proposed BS TX power. 

[Moderator’s note] I moved discussion on self-interference and BS Tx noise in Proposal 6.2-2 to this section. Due to the real full duplex operation of monostatic sensing, the leakage signal from Tx to Rx includes at least two parts: 
· The leakage of transmitted sensing signal, which may be modeled same as the Tx signal subject to the attenuation of antenna isolation and possible phase rotation. Note: such leakage signal will create a special peak in delay-Doppler domain, e.g., delay=0 and Doppler=0, which can be eliminated by the detection algorithm. 
· The leakage of BX TX noise. Based on inputs, the leakage signal can be much larger than thermal noise at receiver side. The level of leakage depends on implementations. Multiple options are discussed to model leakage of Tx noise. 
· Option 1: to model it as white noise which is determined by the power at Tx side and the antenna isolation. 
· Option 2: to model it as Y-X-Z, for a given Tx Noise of Y dBm, a given spatial isolation of X dB, a given digital SIC level of Z dB. 
· Option 3: in addition to Option 2, it is further proposed that leakage noise can be correlated in different OFDM symbols in the CPI. 
· Option 4: to model it as Boosting of the noise floor (or desense) as done in NR duplex enhancement. This proposal is similar to Option 1. However, it seems the suggested level of the model leakage noise at receive side is different from respective proponent companies. 

[FL1][H] Proposal 6.2.1-1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Antenna isolation
	· Option 1: 65dB
· Option 2: 80dB

	BS Rx saturation power
	-28dBm

	BS Tx power
	When Tx/Rx operates simultaneously, 
· BS_maxpower = BS Rx saturation power + Isolation, i.e, 
· Option 1: 37dBm
· Option 2: 52dBm
Otherwise, max BS Tx power is 56dBm



[FL1][H] Proposal 6.2.1-2
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Self-interference
	The leakage sensing signal is the same as the Tx signal subject to the attenuation of antenna isolation and phase rotation

Up to company to select one option for leakage of BS Tx noise
· Option 1: white noise (Y-X) dBm, for a given Tx Noise of Y dBm, a given spatial isolation of X dB)
· Option 2: white noise (Y-X-Z) dBm, for a given Tx Noise of Y dBm, a given spatial isolation of X dB, a given digital SIC level of Z dB 
· Option 3: Option 2 with correlation of the leakage noise across OFDM symbols in a CPI
· Option 4: [X] dB desense
· Option 5: not modelled



	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	

	ZTE
	No
	For BS Tx power, the SID only talks that using CP-OFDM as a starting point, and never limit only CP-OFDM could be evaluated. If the BS Tx power of 56 dB is deleted, it looks like only CP-OFDM with transmitting and receiving simultaneously is on the table. We believe the configuration for BS Tx power here should target on every potential solutions and keep it open to other technique method which could also be researched in 5G-A, especially when pulse reference signal has been used in 5G-A system. Besides, to the description of “ though there is a good support of 56dBm, it is not practical with the assumption of antenna isolation. “, it is applicable to use TDD manner to transmit and receive sensing reference signal with 56 dBm, it is totally practical.

What’s more, asynchronous TX/RX can be supported using existing RS, e.g., PRS, with a large sub-carrier spacing to form a short symbol. The BS can sends the short symbol and switches to the RX mode. Therefore, 56dBm is not only for PW, and it is for asynchronous TX/RX where CW can also be used.
We are not okay to delete the otherwise sentence.

For the leaked Tx noise, we believe option 1 should be used. It should be noted that white noise could not be canceled by digital SIC because it is totally random.

	Huawei, HiSilicon
	
	For Proposal 6.2.1-1, we prefer not to explicitly mention the antenna isolation and saturation power in a separate row, and suggest to change the description as below.
	Parameters
	Assumptions 

	Antenna isolation
	· Option 1: 65dB
· Option 2: 80dB

	BS Rx saturation power
	-28dBm

	BS Tx power
	When Tx/Rx operates simultaneously, 
· Option 1: 37dBm
· Option 2: 52dBm
· Note: The above options are calculated with BS_maxpower = BS Rx saturation power + Isolation by assuming the BS Rx saturation power = -28dBm and the isolation = 65dB and 80dB, i.e, 
· Option 1: 37dBm
· Option 2: 52dBm
Otherwise, max BS Tx power is 56dBm



For Proposal 6.2.1-2
We do not support modeling of the leakage of the sensing signal. This is not part of the channel model, and there is also lack of proper modeling on the antenna level delay, phase, and even power.
We have concerns on modeling of the Tx noise Option 1, Option 2 and Option 3. For Option 1 and Option 2, there is no standard modelling of the Y value; for Option 3, its meaning is not clear.


	Samsung
	
	We are okay to go with FL’s Proposal 6.2.1-1 to define Tx power and isolation assumption. 
Then, we need to discuss more about Proposal 6.2.1-2 how to model the interference impact.
When the Tx power reaches the saturation power level after SIC, it is important to model the impact of this power at the Rx side. Therefore, it is necessary to distinguish between the proposed options.
Option 4 vs. Option 5
· Option 4 models how much the saturation power increases above the noise floor (i.e., the residual power in Rx), and treats this increased component as additional interference reflected in the BS noise figure (noise figure + boosting). This allows the interference impact to be directly assessed.
· If Option 5 is considered, RAN1 would effectively assume that only optimal results are submitted. Moreover, Option 5 would only make sense if there are sufficient observations to justify such an assumption.
Option 1 – 3 vs. Option 5
· On the other hand, the discussion between Option 1–3 and Option 5 is different. Our understanding is that assuming Tx noise as the dominant component is only valid when the Tx power has gone through perfect SIC and the residual component has truly negligible impact. It needs to be clarified whether the proponents have also made this assumption.
· In addition, Tx noise is more closely related to company-specific implementations. 
Therefore, we propose that RAN1 separately discuss (i) how the post-saturation power at the Rx is modeled as interference, and (ii) why Tx noise modeling is needed.

	Xiaomi
	Yes to
6.2.1-1
No to
6.2.1-2
	For 6.2.1-1
We think it is very useful to consider a range between 65dB and 80dB. This gives valuable insight how sensitive the sensing performance is with respect to antenna isolation and TX power settings.
For 6.2.1-2
Option 5 should be included as a common setting for all companies to have comparable results, then companies could choose any of option 1-4 in addition. Otherwise, the results and assumptions would become too diverse across companies, which would make them hard to compare.
Revised proposal:
As baseline leakage of BS Tx noise is not modelled, up to companies to select one of the following additional options for modelling leakage of BS Tx noise
· Option 1: white noise (Y-X) dBm, for a given Tx Noise of Y dBm, a given spatial isolation of X dB)
· Option 2: white noise (Y-X-Z) dBm, for a given Tx Noise of Y dBm, a given spatial isolation of X dB, a given digital SIC level of Z dB 
· Option 3: Option 2 with correlation of the leakage noise across OFDM symbols in a CPI
· Option 4: [X] dB desense

	LGE
	Yes
	Regarding Proposal 6.2.1-1,
We are agreeable to supporting both values.
Regarding Proposal 6.2.1-2,
The proposed options offer valuable flexibility for modeling self-interference across diverse implementation scenarios. However, having multiple options may lead to inconsistencies in evaluation results between companies. Therefore, it would be helpful to recommend one or two baseline options (e.g., Option 1/2 or Option 3/4) to ensure a common basis for comparison.

	OPPO
	
	We have some concern about the modelling of the leakage sensing signal in Proposal 6.2.1-2. If the signal have not be blocked in RF end, there are more cancellation method to mitigate the self-interference and only consider antenna isolation is not enough.

	ETRI
	Yes to 6.2.1-1
	

	IDCC
	
	For both proposals we think it is better to attempt to align on a single baseline.  Optional components can of course be added, but we would prefer to try to agree on a baseline assumption first.

	vivo
	Yes
	

	Qualcomm
	Yes to 6.2.1-1 and generally yes to 6.2.2.2
	To ZTE: 
· Our understanding is that the noise is not the typically white noise that is uncorrelated; it is non-linear noise which is difficult to directly model without a specific PA model. However, this doesn’t mean that digital SIC cannot reduce it. Digital SIC reducing this noise has been captured in the FD TR already (e.g. 15 dB SIC). We are worried that Option 1 is too simplistic. 
To HW:
· Yes there is no standard modeling for the Tx noise (e.g. Y value), that is why we are discussing it here to try to find a common ground. We believe that such Tx noise occurs in practice.
Overall, we believe that Tx noise needs to be modelled for more realistic results. We are OK to debate all the options provided in the moderator’s summary. 

	Nokia
	
	We are in principle fine with the proposals.  But, We recommend agreeing on one option for each proposal. Our preferences are Option 1 (65 dB) and Option 1 (Y-X)

	SONY
	
	Proposal 6.2.1-1: Support both options

	Ericsson
	
	We really appreciate the FL’s effort to summarize different views. 
We support proposal 6.2.1-1, but we still prefer making 65 dB as the baseline option. 
Regarding proposal 6.2.1-2, 
If only antenna isolation is assumed (with no or minimal SIC) (Option 5) – 
· The Tx leakage at the Rx input is very strong (−43 to −28 dBm after isolation). The desired echo may be at −100 to −120 dBm. That’s a 60–100 dB ratio, which is comparable to (or beyond) the effective dynamic range of the Rx chain (LNA + ADC). This means, the ADC or LNA must reduce its gain to avoid clipping. This compression creates nonlinear IM3 distortion in the analog front end which cannot be ignored. So the distortion originates inside the receiver, not from the Tx chain. This resulting rx distortion can be modelled as an effective Rx noise rise, as was done in SBFD SI. 
When strong analog SIC and/or filtering is applied in the simulations (Options 1, 2, 3, 4) – 
· Suppose you achieve >100 dB total SI suppression before the ADC. Now the receiver may operate in the linear region. However, there are nonlinear distortion products generated in the Tx chain itself including the PA IM3 and memory effects, Mixer/DAC quantization distortion, any residual phase noise–induced spectral regrowth. The nonlinear by-products of Tx chain dominate after main leakage is canceled, independent of ADC linearity.   
In scenarios with effective clutter suppression (removing linear sidelobes interference), this should be used. 
For ISAC, there needs to be some model of the non-linearities to ensure the performance evaluation results are reliable. For the sake of progress, and even though we do not like to have too many options, we could have two approaches for the evaluations. 
Approach 1: Only antenna isolation but including NF rise model from 3GPP TS 38.858 
Approach 2: Model Tx non-linearities as in Options 1-3. 

	Apple
	Yes to 6.2.1-1
	




1.1.4 Other interference 
	[FL1][H] Proposal 6.4-2-rev1 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
· The leakage signal from Tx antenna to the Rx antenna is the same as the Tx signal subject to the attenuation of antenna isolation. 
	Parameters
	Assumptions 

	Co-site inter-sector interference
	Not modelled

	Inter-site interference
	Not modelled

	Other interference
	I_1+I_2
-I_1 denotes received signal from target specific channel(s) of other target(s) associated same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)
-I_2 denotes received signal from background channel of the same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)

	BS receiver noise figure
	5dB

	[BS Tx noise ]
	TBD






Summary on company views

Interference between communication and sensing 
· Not modelled: HW, Xiaomi, E//, Lenovo

Inter-site interference
· Not modelled: HW, CATT, Xiaomi, DCM, vivo, Hanbat, E//?
· Modelled: SS (as bistatic background channel), ETRI
· Antenna isolation for FR1: 100 dB: SS
· Antenna isolation for FR2-1: 105 dB: SS

Co-site inter-sector interference: 
· Not modelled: CATT, Xiaomi, HW, DCM, Hanbat
· Modeled: ETRI
· Modelled with noise boosting: SS

Other interference
· Background channel: Xiaomi

BS receiver noise figure
· FR1: 5dB: Huawei, CATT, vivo, CT, SS, Sharp, NIST, OPPO, Xiaomi, Apple, Lenovo
· FR2: 7dB: SS, NIST

[Moderator’s note] The inputs on interference are still limited. Among such inputs, the majority view is to not model too much interference for 
· Get an upper bound of sensing performance. Note: such upper bound is also achievable when T/F resource of sensing signals in neighbor cells are muted.
· Advanced evaluation can be considered in 6G
· Simply the evaluation considering the limited TU

Therefore, the following proposal from last meeting is still proposed. Note: as commented offline, a note is added to the  3rd row to clarify both I_1 and I_2 are existing component supported in Rel-19 ISAC channel model. Further, the following bullet is removed from the proposal since it is already agreed in a note in the agreement of RAN1 #122. 
	Inter-site interference
	Not modelled



[FL1][H] Proposal 6.2.2-1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Co-site inter-sector interference
	Not modelled

	Other interference
	I_1+I_2
-I_1 denotes received signal from target specific channel(s) of other target(s) associated same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)
-I_2 denotes received signal from background channel of the same pair of sensing Tx and sensing Rx, i.e., (sensing Tx#1, sensing Rx#1)
Note: the above I_1 and I_2 is already modelled in the ISAC channel defined in TR 38.901

	BS receiver noise figure
	5dB




	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Agree with FL’s proposal.

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	

	Samsung
	
	Considering the limited TU, we understand that it is difficult to reach consensus of other interference modeling for co-site inter-sector and inter-site interference. So, it would be good to include a note indicating that the results are somewhat upper-bounded. 
On the other hand, there is one point we would like to clarify for inter-site interference.
RAN1 have agreement as below:
Agreement
The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Scenario
	UMa-AV, Optional RMa-AV

	Carrier frequency
	Mandatory: one value either 4 GHz or 4.9GHz.
optional for FR1: 6 GHz
[optional for FR2: 28 GHz]

	System bandwidth
	100 MHz

	Numerology
	SCS = 30kHz

	BS Layout
	Hexagonal grid, 7 macro sites, 3 sectors per site. See Note1
3 sectors with 30, 150, 270 degrees

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

	BS antenna height
	25m for UMa-AV, 35m for RMa-AV

	Wrap-round
	No wrap-round


Note1: target(s) are dropped only in the center site, and inter-BS interference is not modelled.
In Note1, it is mentioned that since the target is distributed only in the center cell, inter-BS interference is not modeled. One point that needs to be clarified is the operation of the BSs in other sites. According to the Note1, it is understood that sensing is performed only by the BS of the center site, and the BSs of other sites are not operational. In this case, the Note1 technically makes sense. However, if the BSs of other sites also perform monostatic sensing, the note becomes invalid. 
So, we would like to know common understanding that monostatic sensing evaluation is performed only at the center site and not at other sites.

	Xiaomi
	Yes
	

	LGE
	Yes
	

	OPPO
	
	Not quite understand the proposal. We suppose all target channels are modeled in equal details, not as in a single term of I_1. Also, the background channel is also modeled as a channel impulse response, not a single term parameter of I_2. 
It is also confusing to use “pair of sensing Tx and sensing Rx” in mono-static sensing.

	Moderator
	
	I think we agree the simulation assumption, but we don’t need a bullet to say this is upper bound. Anyway, our understanding is aligned
I remove I_1 and I_2 since they are completely redundant naming. 



[FL2][H] Proposal 6.2.2-1-rev1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Co-site inter-sector interference
	Not modelled

	Other interferences
	· the received signal from target specific channel(s) of other target(s) associated same pair of sensing Tx/Rx
· the received signal from background channel of the same pair of sensing Tx/Rx
Note: the above received signals are already modelled in the ISAC channel defined in TR 38.901

	BS receiver noise figure
	5dB



	Company
	Yes/No
	Comments

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Nokia
	
	We are ok with Other Interferences and BS noise figure. As we agreed to drop the targets randomly, we recommend modeling Intra site Inter sector interference.

	Ericsson
	Yes
	

	Apple
	Yes
	



Channel model
	[FL1][M] Proposal 6.5-1 -rev1 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
· The leakage signal from Tx antenna to the Rx antenna is the same as the Tx signal subject to the attenuation of antenna isolation. 
	Parameters
	Assumptions 

	gNB-target link
	gNB-aerial UE of Uma parameters in 36.777 with Alternative 3

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

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






Summary on company views

gNB-target link
· gNB-aerial UE of Uma parameters in 36.777: Xiaomi
· with Alternative 3: Xiaomi

Concatenation of TX-target and target-RX links
· full convolution (Option 1): Hanbat
· One by one random coupling (Option 2): vivo, Hanbat, Xiaomi
· power normalization considered: vivo

Power threshold for path dropping after concatenation for target channel
· -25dB: vivo, CMCC, Hanbat
· -40dB: Xiaomi, CMCC, Hanbat, DCM


[Moderator’s note] There is no much discussion on target/background channel model. Multiple companies just list the parameters in the table for simulation assumptions. The basic intention is to follow the calibration assumption in Rel-19, which is aligned with guideline from SID on evaluation parameters. 
· For “Concatenation of TX-target and target-RX links” and “power threshold for path dropping after concatenation for target channel”, up to companies to select between concatenation Option 1 and Option 2 in Step 9 in section 7.9.4.1, TR 38.901. The respective threshold for path dropping can be -25dB and -40dB. 
· Note: Option 2 in 38.901 is the Option 3 in the Rel-19 study on ISAC channel model. 

[FL1][H] Proposal 6.3-1
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
· The leakage signal from Tx antenna to the Rx antenna is the same as the Tx signal subject to the attenuation of antenna isolation. 
	Parameters
	Assumptions 

	gNB-target link
	gNB-aerial UE of Uma parameters in 36.777 with Alternative 3

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

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



	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	Fine with FL’s proposal, though we believe eventually One by one random coupling (Option 2) will be majority’s choice.

	ZTE
	
	Only Uma parameters are not enough. We also have Rma scenario to be evaluated, thus we believe it should be:
gNB-aerial UE of Uma and Rma parameters in 36.777 with Alternative 3

	
	
	

	Huawei, HiSilicon
	
	Should remove “The leakage signal from Tx antenna to the Rx antenna is the same as the Tx signal subject to the attenuation of antenna isolation.”

	Samsung
	Yes
	We would prefer to have one assumption, but looking at the situation, it seems fine for the sake of progress

	Xiaomi
	Yes
	We would prefer to have one assumption, but looking at the situation, it seems fine for the sake of progress

	Moderator
	
	RMa is added since we agree it is optional
The sub-bullet is deleted as suggested by Huawei, let’s discuss it using section 6.2



[FL2][H] Proposal 6.3-1-rev1
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
· The leakage signal from Tx antenna to the Rx antenna is the same as the Tx signal subject to the attenuation of antenna isolation. 
	Parameters
	Assumptions 

	gNB-target link
	gNB-aerial UE of UMa/RMa parameters in 36.777 with Alternative 3

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

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



	Company
	Yes/No
	Comments

	vivo
	
	Once applying the path dropping, power normalization is very important. Proponents should report whether power normalization is implemented after the path dropping.

	Qualcomm
	Yes
	

	Nokia
	Yes
	We are fine but would like to reduce the number of options 

	Ericsson
	Yes
	

	Apple
	Yes
	



Sensing RS
	[FL1][M] Proposal 6.6-1-rev1 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameters are agreed as baseline for the evaluation on NR ISAC.
· Option 1: 
	Parameters
	Assumptions 

	Sensing RS overhead
	Around 10% overhead
Company should report exact T/F RE mapping and CPI

	CPI
	80ms for one sensing process

	Waveform
	OFDM


· Option 2: 
	Parameters
	Assumptions 

	Sensing RS overhead
	· Comb 2 in frequency domain
· Symbol 0 & 7 in each slot

	CPI
	80ms for one sensing process

	Waveform
	OFDM






Summary on company views

Sensing RS type:
· PRS: Spreadtrum, IDC, Huawei, CATT, SS, OPPO, NIST, Sony, Hanbat, E//, Nokia, LG
· CSI-RS: Spreadtrum, CATT, vivo, NIST, Hanbat, SS, E//
· TRS: Spreadtrum, CATT, NIST, QC, E//, SS
· DMRS: CATT
· Down-select from SSB, CSI-RS and DL-PRS: Lenovo
· non-uniform mapping: vivo
· All NR DL singals: EURECOM 
· Up to company report the RS configuration: DCM, KPN, ETRI, LG
· 
· PW: CATT, ZTE

Sensing RS overhead
· Around 10%: Xiaomi, Google, Tiami
· Less than 10%: CMCC
· defining the maximum RS overhead: ETRI, Lenovo (multiple levels)?
· Enforce same overhead comparisons across companies: SKT
· Company to report the overhead: QC
· Time resource allocation:
· 1 symbol per 5 slots: Huawei
· 2 symbols per slot: Xiaomi, Spreadtrum, vivo, CATT, OPPO, Apple, QC
· Frequency resource allocation
· Comb-1: Xiaomi
· Comb-2: Huawei, Apple
· Comb-4: vivo
· Comb-6: Spreadtrum (30kHz), Sony
· Company to report sensing RS resource configuration: E//
· Study T/F RS resource configuration: SS

CPI
· 30ms: OPPO
· 40ms: Xiaomi, vivo, CATT
· 80ms: CMCC, Tiami, QC
· 160ms: Huawei

Waveform:
· CP-OFDM: vivo, IDC, HW, CMCC, CATT, SS, OPPO, Xiaomi, ETRI, DCM, EURECOM, QC, Google, Apple
· Pulse: CATT, ZTE
· Pulse generated by OFDM: vivo, ZTE 

[bookmark: _Toc210396497]E//: 
· If non-NR signals are reported as sensing reference signals, a study is needed on whether they are orthogonal to existing NR signals and whether they meet RF regulatory requirements.
· Longer CP length
· TDD pattern and special slot format


[Moderator’s note] The SID clearly state NR DL signal is the baseline. Based on the inputs from companies, possible candidates for sensing RS can be PRS, TRS, CSI-RS, DMRS and SSB. Many companies discuss how to realize a sensing RS pattern using certain NR DL RS. PRS and CSI-RS get more support. Note: TRS is special case of CSI-RS. 

However, it is the T/F RE mapping of sensing RS that really matters for the sensing performance. We don’t need to enforce a particular way on how to generate such sensing RS pattern based on NR DL RS just for simulation purpose. Such details can be up to each company. 

Instead of concluding sensing RS RE mapping pattern, it may be sufficient to just align the resource overhead for sensing RS. That is, with a certain overhead for sensing RS, RAN1 can finally make an observation whether UAV sensing can meet certain KPI or not. 

On the other hand, the coherent processing interval (CPI) for Doppler estimation should be aligned for better result alignment. This is also related to the discussion in section 4.3. With an agreed assumption on CPI, it gives an information on the achievable latency and refreshing rate from RAN1 perspective. Based on the inputs, 80ms can be a compromise still. 

[FL1][H] Proposal 6.4-1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Sensing RS overhead
	Around 10% overhead
Company should report exact T/F RE mapping 

	CPI
	80 ms for one sensing process

	Waveform
	OFDM



	Company
	Yes/No
	Comments

	CATT, CICTCI
	Yes
	The exact RE mapping is left to vendor implementation, based on existing NR DL RS. The key is to ensure the resource overhead for the sensing RS is unified.

	ZTE
	No
	OFDM is only a baseline to be studied in 5G-A, according to SID. We do not see the clear motivation to limit on OFDM from the beginning of study. We believe it should be up to company to report waveform used, with OFDM as baseline. Thus we have following proposal 
Proposal 6.4-1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Sensing RS overhead
	Around 10% overhead
Company should report exact T/F RE mapping 

	CPI
	80 ms for one sensing process

	Waveform
	OFDM as baseline
Other RS or waveform is up to companies report.




	Huawei, HiSilicon
	
	For CPI values, we suggest to add 160ms.

	Google
	Yes
	We support using OFDM as the baseline waveform and targeting an overhead target of around 10%. It is required also that companies report the exact overhead and the T/F mapping used. We also agree on setting a CPI constraint, such as 80 ms, to ensure latency requirements are implicitly addressed

	Xiaomi
	yes
	For CPI, our preference would be 40ms, but what we think is most important is to have aligned results across companies. Therefore, we are ok with 80ms as baseline.

	LGE
	Yes
	The specific RS configuration may vary depending on the company's choice and should be reported along with the evaluation results.

	OPPO
	
	For the CPI value, we have the following comment.
Note that the delay term in the TR38.901 channel model remains unchanged over time, which means it is better that the range variation within one sensing detection does not exceed one range resolution, otherwise it may cause some spreading in range domain and makes it difficult to find the true range. Thus, under the requirement of the maximum radial velocity 180km/h, the CPI at least should be lower than 30ms.

	CMCC
	
	Firstly, we agree with the assumptions on sensing overhead and CPI.
It is necessary to emphasize that CPI has impact on not only the Doppler resolution, but also the SNR in Doppler domain. Although a CPI of 30ms or 40ms can meet the requirement of velocity resolution, the number of sensing symbols within such a short CPI may be insufficient under a constraint of overhead, which leads to poor SNR in the Doppler domain.
Secondly, considering the field test and the requirement of coverage, we propose not to preclude other possible waveforms. 
Thirdly, we observed that some companies (in their contributions) suggest a pattern of 1 sensing symbol per 7 OFDM symbols, which leads to approximately 10% overhead when only DL slots are granted for sensing. We have to emphasize that considering the coverage of Tx beam formed by HBF, such a TDD pattern actually leads to a per-beam overhead of 10%. If 4 beams are needed to cover all the observation zone, then 40% sensing overhead is required. Hence, the influence of Tx beam on sensing overhead must be carefully considered.

	ETRI
	Yes
	But “Around 10% overhead” is somewhat vague. To avoid significant variation of overhead values across companies, it’s recommended to define a clear range (e.g., [9%, 11%]) for reporting Sensing RS overhead.

	Moderator
	
	I think CPI is not simply determined by 180km/h. In fact, having certain large value of CPI is preferred from performance point of view for many other cases. 
Seems we report many things from last meeting. ZTE proposal should be the common views since it is explicitly captured by SID. The alternatively way is to delete the row on waveform. However, may be better to have some clear statement of parameter waveform. 
Regarding the overhead, maybe we ask each company to report their overhead calculation. I also added “is recommended” to the bullet on overhead in case some companies want to assume a different overhead



[FL2][H] Proposal 6.4-1-rev1 
· The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Sensing RS overhead
	Around 10% overhead is recommended
Company should report exact T/F RE mapping and overhead calculation

	CPI
	80 ms for one sensing process

	Waveform
	OFDM as baseline, other waveform is up to companies report



	Company
	Yes/No
	Comments

	IDCC
	
	We would prefer to try to agree to a common RS configuration at least for mandatory evaluations. In our view, companies should be welcome to submit evaluations using their own preferred configurations, but we should avoid having too much variability in baseline performance evaluation.

	vivo
	
	1) It is better to change to <=10% overhead to encourage companies to minimize the overhead while meeting requirements.
2) There is no need to restrict the CPI. According to our simulation, a CPI of 40 ms is already sufficient, and a shorter CPI contributes to improved simulation efficiency. Therefore, we suggest changing to “up to company to report the used CPI”

	Qualcomm
	Generally yes
	I would change the “around” to “less than”

	Nokia
	
	Around 10% overhead, 80 ms CPI and OFDM wave form are fine. We prefer to agree on a sensing reference signal to perform better performance alignment among companies.

	SONY
	
	Around 10% overhead as the baseline. On CPI, we suggest to put the number in the bracket for now [80] ms

	Ericsson
	
	For sensing RS overhead calculation, what is the denominator for 10%? Is it the total number of radio resources, including UL and DL symbols, in a radio frame?
Companies should use the same TDD pattern and special slot format. Without such an agreement, the exact T/F RE mapping seems to assume an all-DL-slot TDD pattern, which is not true. Note that BS cannot transmit in UL symbols. 

For RE mapping of sensing signal, the number of OFDM symbols for the transmission of sensing signal in slot is suffice, rather than the exact T/F RE mapping. 
The comb transmission of sensing signal does not necessarily reduce sensing overhead, because reducing the transmission of sensing signal in one comb does not necessarily mean the other comb can be used for other transmissions. Transmissions multiplexed using FDM, such as transmission of sensing reference signal in one comb and DL communication transmission in another comb, may saturate sensing receiver and make sensing unworkable. Therefore, in the calculation of sensing overhead, sensing signal overhead is not reduced due to comb transmission unless combs other than the one for sensing can be used for non-sensing transmissions. 
For sensing RS overhead, we suggest the following in blue.
· Around 10% overhead is recommended
· Company should report the number of OFDM symbols for the transmission of sensing signal in slot exact T/F RE mapping and overhead calculation
· a simulation assumption of TDD pattern and special slot format
Note: sensing signal overhead is not reduced due to comb transmission unless combs other than the one for sensing can be used for non-sensing transmissions. 

If companies use the same PRI, the same CPI makes sure companies have the same coherent processing gain. Could FL please clarify the reason that companies use the same CPI, especially when PRI is up to implementation and there is no doppler/velocity resolution requirement?


	Panasonic
	Yes
	



STX/SRX selection

	[FL1][M] Proposal 6.7-1-rev2 (outcomes of offline sessions in RAN1 #122)
· The following evaluation parameter is agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	STX/SRX selection
	For single TRP monostatic sensing, up to company to select one STX/SRX-target pair for a target






Summary on company views

Cooperative sensing or not:
· Optionally considered: vivo, IDC, HW, SS, Lenovo, SONY, Hanbat, E//
· NO: ETRI, EURECOM, Apple

Companies to report: vivo
· Single-TRP monostatic: 
· Fusion for cooperative sensing: 

STX/SRX selection
· One STX/SRX-target pair to be selected for each target: OPPO, Tiami, QC
· Up to company report
· Best one STX/SRX-target pair to be selected for each target: Xiaomi, CMCC, CATT
· TRP associated with a sector serves the targets dropped in the sector: vivo, QC
· Surrounding TRPs associated with a sector serve the targets dropped in the sector: vivo

SS: RAN1 should clarify that monostatic sensing evaluation is performed only at the center site and not at other sites.

[Moderator’s note] From the inputs, companies start to be more open to cooperative sensing as optional. On the other hand, it is still necessary to agree on a way to handle the most basic case, i.e., single TRP monostatic sensing.

For single-TRP monostatic sensing, it is generally agreeable to ‘select’ one TRP for a target. There was long discussion in last meeting regarding to how to do the selection, and what is implied precondition for a selection method. Multiple options were discussed
· A first option, the ‘best’ TRP in term of coupling loss is selected for a target. It is commented that such way is too ideal and is not possible for the initial sensing. On the other hand, it can be considered assuming a first step is already done so SF know rough location of the target to decide a proper TRP and/or Tx beam. 
· A second option, the TRP associated with a sector of the center site is selected for the UEs dropped in the sector. This option avoid issue of first option to some extent. However, without any prior knowledge, SF doesn’t know which target belongs to which TRP too. 
Given the situation, it is quite difficult to come up with a commonly agreed way for TRP-target association. Note the very details for the BS-UE association in the communication evaluation is up to company too. Therefore, the moderator still proposes the same proposal from last meeting offline session. A sub-bullet is added to ask companies to report the details for cross-checking.  

[FL1][H] Proposal 6.5-1 
· The following evaluation parameter is agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	STX/SRX selection
	For single TRP monostatic sensing, up to company to select one STX/SRX-target pair for a target
· Company should report the details on STX/SRX-target pair selection
Optional, if cooperative sensing is simulated, up to company to select multiple TX/SRX-target pairs for the same target



	Company
	Yes/No
	Comments

	CATT, CICTCI
	
	For cooperative sensing, the number of TX/SRX-target pairs can be left to implementation and reported by companies. 

	ZTE
	Yes
	

	Huawei, HiSilicon
	
	As commented in the evaluation methodology, how to select target-wise STX/SRX prior to channel generation is not clear to us. To our understanding, all targets are supposedly included in each mono-static sensing link.

	Xiaomi
	Yes
	

	LGE
	Yes
	

	CMCC
	
	For cooperative sensing, when multiple STX/SRX-target pairs are used to obtain the sensing results for one target, which level of measurements are used for inter-TRP cooperation should be aligned among companies. When intermediated cloud points or final sensing results from different STX/SRX-target pairs are combined to obtain the sensing results of the target, the sensing results may be bad due to loss of information from cloud points or final results. If delay-angular spectrum from different STX/SRX-target pairs are combined, the sensing results will be better. 

	IDCC
	Yes
	

	vivo
	
	Similar to Proposal 5.2-2-rev1, prior to having this proposal, we need to define what the single TRP monostatic sensing, and the cooperative sensing are. We believe that STX/SRX selection among TRPs is one kind of cooperative sensing, especially when the sensing results of each TRP are only compared with the ground truth of their associated targets.

	Qualcomm
	
	We need to discuss how the STX/SRX is being chosen. We are worried that some companies are picking TRP by using “genie information”, i.e., pathloss calculation to the “UAVs” which either way they are not supposed to know they exist in the first place. 
Our suggestion is to have a specific TRP sense a specific area so that NO genie information is being used. For example, for all UAVs dropped in a sector, most of the sector can be sensed by the TRP pointing to that sector, but for UAVs “above the TRP”, an opposite TRP should be used. Also UAVs in the edge of a sector, another TRP may also need to be used. 
Overall, the TRP selection needs to not use “genie information” about the UAVs that are dropped, or should not assume cooperation, unless it is clearly understood what cooperation we are talking about. 

	Nokia
	
	We are fine with the proposed target association proposal. The cooperative sensing should be optional.  

	SONY
	Yes
	Support the proposal. We are still in the study phase so that cooperative sensing is considered (as optional option).

	Ericsson
	Yes
	

	Apple
	Yes
	



Others 
Summary on company views

Sensing algorithm
· 2d-FFT as baseline: EURECOM, Apple
· Unified algorithm: Spreadtrum, 
· Up to company choice and report: Spreadtrum, vivo, IDC, HW, Sony, Apple, MTK, SS, Xiaomi

low power cluster: Lenovo
· NO: Apple

EO type-1: IDC

FR2
· 28GHz: Spreadtrum
· 30GHz: SS

IDC: 
· Study the impact of network-side error sources and error types on horizontal and vertical positioning accuracy, to ensure consistent and comparable evaluation results across different implementations
· Study evaluation assumptions impacting true velocity accuracy estimates (i.e., single or multi-TRP measurements, and simultaneous, synchronous, asynchronous, etc.).
· Study spatial consistency assumptions for tracking and velocity estimation.

[Moderator’s note] Clear majority views are observed for most parameters, referring the evaluation parameters from ISAC channel model calibrations (guideline from the SID), except for 
· The sensing algorithm is up to company design. However, for cross-checking, it is helpful if certain level of details of the used sensing algorithm can be reported from the company submitting evaluation results. 
· Lower power cluster is optional feature as defined in Rel-19. So it is not considered in the baseline, however, up to companies’ choice to simulate it if desired. 
· IDCC proposes to model EO type-1 (similar to UAV). However, such differentiation between UAV and EO type-1 requires complicated sensing algorithm and potentially some update on channel model. It may not be practical to afford such large scope in the study in 4 meetings. 

[FL1][M] Proposal 6.6-1 
· Company should report the used sensing algorithm in the evaluation of NR ISAC
· Up to company to model low power cluster in the evaluation of NR ISAC

	Company
	Yes or No
	Comments

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	

	Xiaomi
	Yes
	

	LGE
	Yes
	

	vivo
	Yes
	

	Qualcomm
	Yes
	

	Nokia 
	Yes
	We are fine with reporting high level information about the algorithm used in the evaluations. We are fine with keeping the low power cluster modeling optional

	SONY
	Yes
	

	Ericsson
	Yes
	

	Panasonic
	Yes
	

	Apple
	Yes
	



Measurements 
Metrics 
	[FL1][H] Proposal 7.1-1-rev3 (outcomes of offline sessions in RAN1 #122)
· The following measurements can be further studied for NR ISAC.
· Spectrum of delay, and/or Doppler, and/or angle, i.e., the powers or the amplitudes/phases are reported for at least a range of samples of delay, and/or Doppler, and/or angle
· Intermediate sensing results per detected path 
· Delay, Doppler, angle, and power per path
· Intermediate sensing results per detected point 
· Option 1: Position, velocity, and power per point
· Option 2: Range, velocity, angle, and power per point
· Final sensing results per detected object/target
· Option 1: Position and velocity
· Option 2: Range, velocity, and angle
· Note: Trajectory report is separate discussion
· SINR, RSRP from perspective of sensing 




Summary on company views

Raw channel data: Lenovo, SS
· CMCC: time-domain samples or subcarrier-domain samples of original received signals from each antenna port

Spectrum of delay, Doppler, and angle: Apple, SS, CMCC, DCM, OPPO, Nokia
· CMCC, CATT: the first-stage processing products from sensing raw data 
· Delay spectrum, angular spectrum and Doppler spectrum: CMCC
· delay-angular spectrum: CMCC
· Step-1 matched filtering
· Step-2 IFFT and discarding
· Step-3 DFT in spatial domain
· Step-4 preprocessing (optional)
· Step-5 IQ compression (optional)

Intermediate sensing results
· Delay, Doppler, angle and power per detected path: vivo, DCM, Apple, Lenovo, MTK, Sony, LG (path or point)
· TOA/TOF, AOA: vivo, Lenovo
· Doppler shift: vivo, Lenovo
· Range, velocity, angle and power per detected point: Xiaomi, HW, DCM, SS
· HW: It enable the pre-compensation of non-ideal factors in the receiver through specific models or algorithms, up to the implementation of the company
· Position, velocity and power per detected point: Xiaomi, QC, Nokia?
· Delay, power/amplitude and phase per path: OPPO

Final sensing results per target
· Location/velocity of target: CATT, DCM, NIST, Sony, E//, QC, MTK, SS, Xiaomi, Apple?, Lenovo

Refined L1-RSRP/RSRPP/SINR for sensing: Xiaomi, Apple, MTK
· TPSINR, TPRSRP: vivo
· Per-bin RSRP/SINR: OPPO

LCS vs. GCS: Apple
· Intermediate results are defined in LCS: Xiaomi
· Final results are defined in GCS: Xiaomi

Other metrics
· RCS: IDC
· micro-Doppler: IDC, vivo

need definition of the metrics: E//, LG
side information to assist the processing of intermediate measurement results at SF: E//, LG

ZTE: In the discussion of measurement report, degrade the priority of studying point cloud, because of following reasons:
· Difficult for SF to manage and align point clouds from Rxs with different algorithm
· Large overhead of measurement report caused by dynamic environment clutter
· Difficult for SF to generate correct trajectory with point clouds
· Large wireless resource waste in FR2 for TRP only with point cloud reporting

LG: 
· Refine the definition of Rx-Tx time difference for TRP-target ranging to enable transmission and reception time measurements using the same time index, per path and/or target.
· The extent of the measurement values to be reported is (pre-)configured
· BS/TRP can report the information about the Tx/Rx parameters that are used for the sensing operation, such as follows:
· Sensing signal bandwidth,
· Type of the sensing signal waveform,
· Sensing signal Tx resource (set),
· Sensing signal Tx power,
· Time duration of the sensing signal,
· Time stamp associated with the reported measurement,
· Number of repetitions of the sensing signal,
· Interval between the sensing signals (or periodicity),
· Polarization of the sensing signal,
· Antenna configuration used for sensing signal Tx/Rx,
· Self-interference level between Tx and Rx antenna, 
· Self-interference canceling capacity,
· BS/TRP ID (e.g. cell ID), the location of BS/TRP,
· Whether the detected entity is 3GPP entity or not,
· Tx/Rx beamwidth used for sensing signal Tx/Rx.

CMCC: raw data/spectrum is necessary for
· target classification
· data fusion
· all information including phase can be useful for environment reconstruction
· if per point intermediate results or final results fails, raw data/spectrum are required
CMCC
· Proposal 5: Support delay-angular spectrum with the following auxiliary information as a sensing measurement:
· The minimum azimuth / elevation coordinates of the delay-angular spectrum
· The steering direction in azimuth / elevation (already supported in TS 37.355 as dl-PRS-Azimuth and dl-PRS-Elevation)
· Transformation matrix/quaternion describing the mapping between LCS and GCS (already supported in TS 37.355 as LCS-GCS-TranslationParameter)
Nokia: RAN1 provides its recommendation on the data formats.

Timestamp of the measurement: Apple, E//

Target ID in case tracking: MTK, ZTE
· NO: HW
Multiple measurements of the same sensing target need to be associated to obtain the trajectory: China Telecom, ZTE, CAICT, CATT, Pengcheng Laboratory

[Moderator’s note] There were discussions on the proper measurement metrics in last RAN1 meeting. However, the companies’ views are quite diverse. Such situation doesn’t change a lot for this meeting, either. Due to lack of definition of the term used in the discussion, sometimes the discussion becomes quite confusing. The following issues are identified from last meeting:
· The exact definition of each option and each term
· The difference between a detected path and a detected point
· Overhead of report of raw data or spectrum of delay/Doppler/angle
· Confusion on ‘intermediate’ sensing result and ‘final’ sensing result
· How many paths or how many points would be reported for the one or more targets
· L1-RSRP/SINR are defined for the full Rx beam which include both power contribution of target paths and other paths from environment. It is not clear how such measurements help the simulation in Rel-20 5GA. 
· RSRPP for sensing is useful considering the potential further processing by SF at CN. Not clear how to define it. 

In the following revised proposal from last meeting, I try to give a definition for each level, and avoid using ‘intermediate’ and ‘final’. I also have two main bullets in the proposal now. 
· The first bullet is to list all identified measurements. Intention is to capture such full set in the TR for the study item
· Then, the second bullet gives the down selection. Since no company prefer Level 1 of raw data, I propose level 2/3/4 for further down-selection.
 
[FL1][H] Proposal 7.1-1 
· The following measurements are identified in the study of NR ISAC.
· Level 1: raw data, which is the time-domain samples or subcarrier-domain samples of original received signals from each antenna port
· Level 2: Profile of power and delay, and/or Doppler, and/or angle, which is the first-stage processing products from sensing raw data. The powers or the amplitudes/phases are reported for at least a range of samples of delay, and/or Doppler, and/or angle
· One example, the profile of power-delay-angle
· Level 3: 
· Option 1: Delay, Doppler, angle, and power per detected path
· Option 2: Range, velocity, angle, and power per detected point
· Option 3: Position, velocity, and power per detected point
· Note: A detected path is a peak in the profile of power and delay, and/or Doppler, and/or angle of level 2
· Note: One or multiple points for a target/object can be derived as the outputs of the sensing algorithm
· Level 4: 
· Position and velocity per detected object/target
· Note: Trajectory report is separate discussion
· SINR, RSRP from perspective of sensing 
· Study the following levels of measurements for potential down-selection within Rel-20 SI
· Level 2
· Level 3
· Level 4
· SINR, RSRP from perspective of sensing 

	[bookmark: OLE_LINK8]Company
	Yes or No
	Comments

	CATT, CICTCI
	
	We are supportive to FL’s proposal to move on. 
From our perspective, Level 4 is the fundamental option for UAV detection due to: (1) Minimum report overhead, and (2) Maximize the flexibility for gNB/TRP to optimize sensing performance by leveraging whatever they have (e.g. Micro Doppler). Thus this should be supported with highest priority. 
Other levels can be considered as supplementary report options, if with well-justified motivations.  

	ZTE
	
	From our observation on level 3 and level 4 reporting,
Level 4 refers to final sensing result which has tense relationship with trajectory. We agree that detailed trajectory report format should be discussed separately, but we feel not okay to decouple all discussion of trajectory with level 4 result. Communicating with a lot of interested companies, we have following way forward to address concern on level 4. 
Proposal 7.1-1 
· The following measurements are identified in the study of NR ISAC.
· Level 1: raw data, which is the time-domain samples or subcarrier-domain samples of original received signals from each antenna port
· Level 2: Profile of power and delay, and/or Doppler, and/or angle, which is the first-stage processing products from sensing raw data. The powers or the amplitudes/phases are reported for at least a range of samples of delay, and/or Doppler, and/or angle
· One example, the profile of power-delay-angle
· Level 3: 
· Option 1: Delay, Doppler, angle, and power per detected path
· Option 2: Range, velocity, angle, and power per detected point
· Option 3: Position, velocity, and power per detected point
· Note: A detected path is a peak in the profile of power and delay, and/or Doppler, and/or angle of level 2
· Note: One or multiple points for a target/object can be derived as the outputs of the sensing algorithm
· Level 4: 
· Position and velocity per detected object/target
· Note: In measurement report, multiple measurements of the same sensing target need to be associated to obtain the trajectory.
· SINR, RSRP from perspective of sensing 
· Study the following levels of measurements for potential down-selection within Rel-20 SI
· Level 2
· Level 3
· Level 4
· SINR, RSRP from perspective of sensing 


	Huawei, HiSilicon
	
	We suggest to clarify the difference between level 3 and level 4, since level 4 is no longer referred to as final sensing results.
Does it mean that level 3 allows multiple points locations for a target, while level 4 only includes a single location of a target?

	Samsung
	
	As FL commented in FL’s note, we support to list up to capture the full set in the TR for the study item. It will help to further study in the future. However, the purpose of selecting only one option is unclear. We first need to clarify whether this selection is intended for evaluation purposes or to decide a recommendation from RAN1. If it is for evaluation purposes, that would be acceptable; however, if it is meant to determine a recommendation, we should approach it carefully.

	Xiaomi
	Yes
	

	LGE
	
	We agree that further study and clarification of the measurement levels are necessary.
However, the existing positioning method defined in Section 5.4 (Functional Description) of TS 38.305 does not support gNB-based positioning. This means the gNB lacks the capability to compute final results; instead, only core network entities such as the LMF and the sensing function (SF) are able to aggregate the received data and generate the final estimate for the sensing task.
An important aspect to consider is not only the signaling overhead for transferring raw measurement data from the gNB, but also the additional overhead associated with delivering the necessary assistance information required to derive high-level sensing results at the gNB.
Therefore, Level 3 is the more appropriate choice, particularly for the evaluation of 5G-A ISAC. Using Option 1 and/or Option 2 of Level 3 as a baseline would enable effective utilization of existing measurement quantities, such as time- and angle-related metrics defined in TS 38.215.

	OPPO
	
	Firstly, we are not convinced by the definition of detected path. Under this explanation in the proposal, a path is the same as a point. We suggest to clearly differentiate the path from the point that the path is what we detected in delay profile and change option 1 to “Delay, power/amplitude and phase per path”
Secondly, the difference between Level 3 and Level 4 should be clarified.

	CMCC
	Yes
	Support Level 2 with the following change in wording. 
One example, the profile of power delay-angle.
Profile of power and delay, and/or Doppler, and/or angle, which is the first-stage processing products from sensing raw data. After matched filtering on received signals, these profiles can be acquired by DFT without losing any information.
The overhead of reporting the profile of delay-angle is not large: Note that the coverage of CP-OFDM sensing signals is bounded by the length of CP. Reduction in overhead can then be achieved by discarding samples that corresponding to delays outside the observation range after matched filter, where 352 samples in delay dimension are needed to report with SCS=30kHz. Compared with sensing raw data, the overhead is reduced to 8.6%. With 16-bit quantization for in-phase and quadrature samples, only 88kB (352*64*4/1024) per sensing symbol is required to transport a 64-Rx-port delay-angular profile. If sensing RS occupied 64 symbols per second, then the data size of report is 352*64*64*4*8/1024/1024=44Mbps.

	vivo
	Yes with clarification
	It is better to clarify the definition of “point”. Does it refer to a sample in delay-doppler domain?

	Nokia
	
	We are fine with studying levels 2,3 and 4. Our preference is level 3 option2. In our view it gives the flexibility to implement different services at SF with some additional information provided by the gNB. 

	Ericsson
	
	Could FL please clarify the unit of power per path and power per point in level 2 and level 3? Is it dB or dBm?
Could FL confirm that the velocity in Level 4 and option 3 of Level 3 is 3D velocity and velocity in option 2 of Level 3 is radial velocity?
‘/target’ in the proposal can be removed. ‘detected object’ is the term used in agreements of performance metrics.
Intermediate sensing results of delay, Doppler, and angle are reported in LCS of the TRP. Additional information including the location of TRP and orientation of antenna array is needed for core network to calculate position and velocity of the detected object in GCS. We suggest adding a FFS: the necessary side information required to exploit each sensing measurement

	Apple
	
	Okay to have all levels for study. Needs a clear definition of point with difference between point and path discussed. 



Quantization 

Summary on company views

Quantization  
· Defining value range and bit width for different measurement quantities: Xiaomi, vivo, NIST, Lenovo, LG, IDC
· Step size: IDC
· Quantization type per sub range (linear, non-linear): IDC
· Absolute or differential form: IDC

Existing specs
· TS 23.032, TS 38.355, and TS 24.080: HW
· Reusing legacy quantization as the starting point: LG, Panasonic
· TS 23.032 and in 37.355: QC, E//
· TS 23.032 as the starting point: Huawei, Xiaomi, CATT, NIST
· 5.10 Range and Direction: Huawei
· 8.4a Relative Velocity with Uncertainty: Huawei

CMCC: IEEE FP16 is used as a baseline for quantization on delay-angular spectrum

Huawei
	Existing specification
	Description

	TS 23.032
	[bookmark: _Toc185593014]5.10	Range and Direction
The "range and direction" from a point A to a point B is characterised by three components comprising a range from point A to point B, an azimuth direction from point A to point B and an elevation direction from point A to point B as shown in Figure 3d. The range provides a straight-line distance from point A to point B. The azimuth provides a direction to point B from point A in a horizontal plane through point A and as measured clockwise from North. The elevation provides a direction to point B from point A in a vertical plane through the points A and B and as measured upwards or downwards from a horizontal plane through point A. The range, azimuth and elevation can be each independently included or excluded in a "range and direction" and each has an uncertainty and a confidence.


[bookmark: _CRFigure3d]Figure 3d: Description of a Range and Direction
[bookmark: _Toc185593049]8.4a	Relative Velocity with Uncertainty
The relative velocity with uncertainty of a device B relative to a device A is characterised by a radial velocity component (measured in meters / second) and a perpendicular transverse velocity component (measured in degrees / second). The radial velocity component is characterized by a rate of change of a range between the device A and device B. The transverse velocity component is characterized by a rate of change of a direction to the device B from the device A, where the change rate of the direction includes the change rate of an angle of azimuth (measured in degrees / second) and change rate of an angle of elevation (measured in degrees / second). The angle of azimuth is measured clockwise from North in a horizontal plane through the device A and the angle of elevation measured upwards or downwards in a vertical plane through the devices A and B from a horizontal plane through the device A. The rates of change of the range and the angles of azimuth and elevation can be each independently included or excluded in the relative velocity and each has an uncertainty and a confidence,


[bookmark: _CRFigure12a]Figure 12a: Description of a Relative Velocity with Uncertainty

	TS 38.355
	RangeAndOrDirection ::= SEQUENCE {
    range                   Range       OPTIONAL,
    azimuth                 Azimuth     OPTIONAL,
    elevation               Elevation   OPTIONAL
}

Range ::= SEQUENCE {
    rangeResult                  INTEGER (0..134217727),
    uncertainty                  INTEGER (0..255),
    confidence                   INTEGER (0..100)             OPTIONAL
}

Azimuth ::= SEQUENCE {
    azimuthResult                INTEGER (0..3599),
    uncertainty                  INTEGER (0..127),
    confidence                   INTEGER (0..100)             OPTIONAL
}

Elevation ::= SEQUENCE {
    elevationResult              INTEGER (0..1800),
    uncertainty                  INTEGER (0..63),
    confidence                   INTEGER (0..100)             OPTIONAL
}

RelativeVelocityWithUncertainty ::=        SEQUENCE {
    radialVelocityComponent                    SEQUENCE {
        unitsRadialVelocity                        ENUMERATED { mPerS, cmPerS, ... },
        radialVelocity                             INTEGER (-2048..2047),
        uncertaintyRadialVelocity                  INTEGER (0..255),
        confidenceUncertaintyRadialVelocity        INTEGER (0..100)
    }                                                                                             OPTIONAL,
    transverseVelocityComponent                SEQUENCE {
        unitsTransverseVelocity                    ENUMERATED { degPerSec1, degPerSec0-1, ... },
        azimuth                                    SEQUENCE {
            azimuthRateOfChange                        INTEGER (0..1023),
            uncertaintyAzimuthRateOfChange             INTEGER (0..255),
            confidenceUncertaintyAzimuthRateOfChange   INTEGER (0..100)
        }                                                                                         OPTIONAL,
        elevation                       SEQUENCE {
            elevationRateOfChange                      INTEGER (0..1023),
            uncertaintyElevationRateOfChange           INTEGER (0..255),
            confidenceUncertaintyElevationRateOfChange INTEGER (0..100)
        }                                                                                         OPTIONAL
    }                                                                                             OPTIONAL,
    ...,
    [[
    azimuthRateOfChangeDirection               ENUMERATED {anticlockwise}                         OPTIONAL,
    elevationRateOfChangeDirection             ENUMERATED {downward}                              OPTIONAL
    ]]
}

	TS 24.080
	RangeDirection ::= SEQUENCE {
	range	[0]	Range	OPTIONAL,
	azimuth	[1]	Azimuth	OPTIONAL,
	elevation	[2]	Elevation	OPTIONAL,
	...}

Range ::= SEQUENCE {
	rangeResult	[0]	RangeResult,
	uncertainty	[1]	Uncertainty,
	confidence	[2]	Confidence	OPTIONAL,
	...}

Azimuth::= SEQUENCE {
	azimuthResult	[0]	AzimuthResult,
	uncertainty	[1]	Uncertainty,
	confidence	[2]	Confidence	OPTIONAL,
	...}

Elevation ::= SEQUENCE {
	elevationResult	[0]	ElevationResult,
	uncertainty	[1]	Uncertainty,
	confidence	[2]	Confidence	OPTIONAL,
	...}

RelVelocityEstimate	::= SEQUENCE {
[bookmark: _Hlk178784150]	rVelocity	[0]	RadialVelocity	OPTIONAL,
[bookmark: _Hlk178784168][bookmark: _Hlk178784177]	rUncertainty	[1]	Uncertainty	OPTIONAL,
[bookmark: _Hlk178784192]	aTransverseVelocity	[2]	AngularVelocity	OPTIONAL,
[bookmark: _Hlk178784210]	aVelocityUncertainty	[3]	AngularVelocityUncertainty	OPTIONAL,
	eTransverseVelocity	[4]	AngularVelocity	OPTIONAL,
	eVelocityUncertainty	[5]	AngularVelocityUncertainty	OPTIONAL,
	unitsRVelocity	[6]	UnitsLinearVelocity	OPTIONAL,
	unitsAVelocity	[7]	UnitsAngularVelocity	OPTIONAL,
	unitsEVelocity	[8]	UnitsAngularVelocity	OPTIONAL,
	...}



[Moderator’s note] Based on the inputs, the existing specification TS 23.032, TS 38.355, and TS 24.080 already provide the way how to express/quantize a measurement, which can be the reference or starting point in RAN1 discussion. I think we can firstly agree on the general principle, then we can further check if additional work is still necessary. 
 
[FL1][M] Proposal 7.2-1 
· The existing specification, e.g., TS 23.032, TS 38.355, and TS 24.080 are used as starting point for the discussion of the measurement quantization.

	Company
	Yes or No
	Comments

	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Google
	Yes
	

	Samsung
	Yes
	

	Xiaomi
	
	Seems a reasonable start, but prefer to wait for progress on 7.1-1

	LGE
	Yes
	

	CMCCC
	No
	For the profile of delay-angular report, IEEE FP16 can be used as a baseline for quantization.

	vivo
	Yes
	

	Nokia
	yes
	

	Ericsson
	Yes
	

	Panasonic
	Yes
	

	Apple
	Yes
	




Trajectory

Summary on company views

Target ID in case tracking: MTK, ZTE
· NO: HW
Multiple measurements of the same sensing target need to be associated to obtain the trajectory: China Telecom, ZTE, CAICT, CATT, Pengcheng Laboratory

[Moderator’s note] There is a joint contribution which propose to study on measurement report for UAV tracking. It seems the proponent company is in favor of the final measurement results, i.e., Level 4 in Proposal 7.1-1. General speaking, it needs further discussion how to maintain the trajectory when Level 1/2/3/4 measurements results are exchanged between RAN and CN. 

From the moderator’s understanding, such discussion is limited to measurement/report, which may be an input to RAN3 in the end. It is not intended to trigger RAN1 discussion on the methodology/simulation assumptions for UAV tracking. That is, it is still up to company to report any results for UAV tracking as proposed in Proposal 5.1-1. 

[FL1][L] Question 7.3-1 
· Companies are encouraged to provide views on measurement/report considering the support of trajectory of UAV.

	Company
	Comments

	ZTE
	We believe current level four without trajectory report is too much similar with level 3, which have issues of data alignment & measurement overhead, trajectory association and wireless resource waste in FR2. Our proposal on measurement report has already filled in the discussion on proposal 7.1-1. We agree detailed measurement format for trajectory may be an input to RAN3, but RAN1 still should clarify the relationship between level 4 report with trajectory, to guide RAN3 to have knowledge that what is needed for trajectory report. 

	Xiaomi
	No need to discuss this in the group. It is only needed for tracking and a company that provides tracking results can describe how they have modeled it.

	vivo
	It is up to proponents to implement tracking mechanism. Nevertheless, proponents should report what types of channel model for target maneuvering is in use. This is because different types of target maneuvering require different tracking algorithm. It should be clarified.

	Nokia
	As we only have 2 more meetings to complete the study we don’t want to include the trajectory info in the measurement report and/or evaluate the benefits of trajectory reports. 



Evaluation results

Vivo
Table 5 Simulation results summary for 4.9GHz
	Metrics
	value

	Horizontal localization error [m] @90%
	0.92

	Vertical localization error [m] @90%
	0.64

	Radial velocity error [m/s] @90%
	0.35

	Missed detection probability 
	0.06

	False alarm probability (Type2)
	0



IDC
Table 6: Sensing performance with and without timing measurement quantization.
	Bandwidth
	90% localization accuracy (meter)
	95% localization accuracy (meter)

	
	Without quantization error
	With quantization error
	Without quantization error
	With quantization error

	20 MHz
	3.18 
	3.52
	3.37
	4.17

	100 MHz
	2.34
	2.98
	2.52
	3.25



HW
[bookmark: _Ref208411080]Table 4 Simulation results for 4.9GHz.
	Fc = 4.9GHz
	Tx Power = 37dBm
	Tx Power = 52dBm

	Horizontal localization error [m]
	@90%
	0.87
	0.26

	
	@95%
	1.44
	0.42

	Vertical localization error [m]
	@90%
	0.64
	0.13

	
	@95%
	1.03
	0.2

	Radial velocity error [m/s]
	@90%
	0.039
	0.018

	
	@95%
	0.058
	0.031

	Missed detection probability [%]
	2.6
	2.4

	False alarm probability Type1 [%]
	0.016
	0.03

	False alarm probability Type2 [%]
	0.4
	0.5


Table 5 Simulation results for 6GHz.
	Fc = 6GHz
	Tx Power = 37dBm
	Tx Power = 52dBm

	Horizontal localization error [m]
	@90%
	0.84
	0.31

	
	@95%
	1.44
	0.56

	Vertical localization error [m]
	@90%
	0.51
	0.12

	
	@95%
	0.8
	0.2

	Radial velocity error [m/s]
	@90%
	0.031
	0.023

	
	@95%
	0.047
	0.047

	Missed detection probability [%]
	2.5
	0.8

	False alarm probability Type1 [%]
	0.02
	0.03

	False alarm probability Type2 [%]
	0.4
	0.6



Xiaomi
[bookmark: _Ref205916584]Table 1 Simulation result summary for 4.9 GHz.
	4.9GHz
	Performance

	Horizontal localization error [m]
	@90%
	0.552m

	
	@95%
	0.713m

	Vertical localization error [m]
	@90%
	0.480m

	
	@95%
	0.623m

	Radial velocity error [m/s]
	@90%
	0.043m/s

	
	@95%
	0.274m/s

	Missed detection probability [%]
	2.5%

	False alarm probability [%]
	3.95%



[bookmark: _Hlk210129740]Table 2 Simulation result summary for 6 GHz.
	6GHz
	Performance

	Horizontal localization error [m]
	@90%
	0.559m

	
	@95%
	0.700m

	Vertical localization error [m]
	@90%
	0.402m

	
	@95%
	0.468m

	Radial velocity error [m/s]
	@90%
	0.009m/s

	
	@95%
	0.112m/s

	Missed detection probability [%]
	4.00%

	False alarm probability [%]
	1.94%



CATT
[bookmark: _Ref210135333]Table 9: Summary of initial evaluation results 
	Metric
	Value

	Missed detection probability [%]
	1.50

	False alarm type 1 probability [%]
	1.07

	False alarm type 2 probability [%]
	4.37

	Horizontal localization error [m]
	@90%
	2.82

	Vertical localization error [m]
	@90%
	0.70

	Radial velocity error [m/s]
	@90%
	0.35


OPPO
[bookmark: _Ref205281681]Table-3: simulation summary.
	Horizontal positioning accuracy [m]
	average
	2.68

	
	@90%
	5.5

	
	@95%
	7

	Vertical positioning accuracy [m]
	average
	1.49

	
	@90%
	3.6

	
	@95%
	4.8

	Radial velocity accuracy [m/s]
	average
	0.49

	
	@90%
	1

	
	@95%
	1.2

	Missed detection probability [%] 
	5.8

	False alarm probability Type 1[%]
	0

	False alarm probability Type 2[%]
	8.76



Apple: As outcome from the RAN1 study RAN1 should expect to list results in different conditions, with no single conclusion on the feasibility of sensing for UAV use case.
QC
· Observation 2: In the preliminary performance evaluation, horizontal and vertical positioning performance of <2m and radial velocity accuracy of <0.3 m/s for the associated UAVs. 
· Observation 3: In the preliminary performance evaluation, missed detection probability is high due to the targets being above TRP-1 and on the edge of the Tx beam of TRP-1.


[Moderator’s note] Companies are encouraged to check the initial results in respective contributions and align the understanding on detailed modelling and certain assumptions decided by respective companies. No discussion on results in offline/online session is expected. 
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ANNEX: All agreements
RAN1 #122 (August 2025)

Performance metrics
Agreement
Horizontal/vertical positioning accuracy are agreed as performance metrics for NR ISAC. 
· It 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


Agreement
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 (if defined) and positioning/velocity accuracy
· Companies to report the method used for association of the detected object(s) and the true target(s)

Agreement
· Missed detection probability is agreed as performance metric for NR ISAC. 
· It 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

Agreement
· False alarm probability is agreed as performance metric for NR ISAC. 
· For cases without true target dropped in simulation area, False alarm probability Type 1 is computed and reported 
· For cases with true targets dropped in simulation area, False alarm probability Type 2 is computed and reported 
· Note: both False alarm probability Types are mandatory
· KPI values for False alarm probability Type 1 and 2 can be discussed separately. 

Definitions: 
· False alarm probability Type 1 (no 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 (targets dropped in simulation area): An object is detected but not associated with any true targets 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.
· FFS: 
· Option 1:  is number of drops (N)
· Option 2:  is number of drops with at least one detected object
	Note: the number of targets should be reported by companies when providing False alarm probability Type 2


Agreement
· Velocity accuracy is agreed as performance metric for NR ISAC. 
· 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, 
· The radial 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. 
· The true velocity accuracy can be estimated.


Simulation assumptions

Agreement
The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Scenario
	UMa-AV, Optional RMa-AV

	Carrier frequency
	Mandatory: one value either 4 GHz or 4.9GHz.
optional for FR1: 6 GHz
[optional for FR2: 28 GHz]

	System bandwidth
	100 MHz

	Numerology
	SCS = 30kHz

	BS Layout
	Hexagonal grid, 7 macro sites, 3 sectors per site. See Note1
3 sectors with 30, 150, 270 degrees

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

	BS antenna height
	25m for UMa-AV, 35m for RMa-AV

	Wrap-round
	No wrap-round


Note1: target(s) are dropped only in the center site, and inter-BS interference is not modelled.


Agreement
The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

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

	Target distribution when target(s) are dropped
	N = 5 targets per sector in the center site.
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 distributed between 1.5m and 300m

	Mobility
	horizontal speed: uniformly distributed between 0 and 180km/h
vertical speed: 0km/h


Note: N=0 will be discussed in a later proposal in relation to false alarm.


Agreement
The following evaluation parameters are agreed for the evaluation on NR ISAC.
	Parameters
	Assumptions 

	Minimum BS-target 3D distance
	10 m

	Minimum target-target (3D) distance 
	10 m

	Target 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



RAN1 #122bis (October 2025)

RAN1 #123 (November 2025)

RAN1 #124 (February 2026)
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