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9.5 Study on Integrated Sensing And Communication (ISAC) for NR
Please refer to RP-253246 for detailed scope of the SI.

[124-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

R1-2601509	Session Notes of AI 9.5	Ad-Hoc Chair (NTT DOCOMO, INC.)

9.5.1 Evaluation assumptions and performance evaluation
Including study of metrics, measurements, and relevant measurement quantization for UAV use case.

R1-2601377	Evaluation results of NR ISAC	Moderator (Xiaomi)
R1-2601378	Details on evaluation of NR ISAC reported by companies	Moderator (Xiaomi)
R1-2601379	Summary on [Post-123-R20-ISAC-evaluation]	Moderator (Xiaomi)

R1-2601380	Summary #1 on evaluations for NR ISAC	Moderator (Xiaomi)

Agreement:
· The definition on time stamp from existing specifications, e.g., TS 38.455, TS 38.355, TS 37.355 are reused as baseline
· No more discussion on time stamp is expected from RAN1 study perspective

Agreement:
· From RAN1 perspective, the measurement of Level D reported from RAN is per gNB
· Note: RAN1’s understanding is that gNB can associate with one or multiple TRPs


R1-2601381	Summary #2 on evaluations for NR ISAC	Moderator (Xiaomi)

Agreement:
The Text Proposal to TR 38.765 in R1-2601594 is endorsed.

Agreement:
The Text Proposal to TR 38.765 in R1-2601595 is endorsed.

Agreement:
The Text Proposal to TR 38.765 in R1-2601596 is endorsed

Agreement:
· From RAN1 perspective, on measurement quantization of Level C/D for position/velocity measurement, quantization methods in existing specifications, e.g., TS 23.032, TS 38.455, TS 38.355, TS 37.355 can be considered.
· From RAN1 perspective, on measurement quantization of Level C for delay/angle measurement, quantization methods in existing specifications, e.g., TS 38.133 can be considered.
· For Doppler measurement, same number of quantized bits as radial velocity can be considered.
· Note: above does not take into account the potential impact from measurement quantization on the sensing performance.

Agreement:
· The velocity measurement of Option C1/C3/C4 is radial velocity. 


R1-2601382	Summary #3 on evaluations for NR ISAC	Moderator (Xiaomi)

Agreement:
The following Text Proposal to Conclusion section in TR 38.765 is endorsed.
	The performance for UAV sensing use case with gNB monostatic sensing is evaluated based on the evaluation assumptions in Annex A (including UMa-AV, Sensing Tx/Rx operating simultaneously, FR1), with detailed assumptions and modelling reported by the companies as captured in Annex B. Among all the reported evaluation results as captured in Annex B,  
· Baseline 1 (high BS TX power 52dBm with 80dB antenna isolation)
· By utilizing measurements from multiple or all TRPs, results from 9/10 sources achieve the performance objectives. 
· By utilizing measurements from single TRP, results from 3/11 sources achieve the performance objectives.
· Baseline 2 (low BS TX power 37dBm with 65dB antenna isolation)
· By utilizing measurements from multiple or all TRPs, results from 7/9 sources achieve the performance objectives. 
· By utilizing measurements from single TRP, results from 2/9 sources achieve the performance objectives



Conclusion:
· From RAN1 perspective, the issue on ambiguity handling in delay/range, Doppler/radial velocity, angle, position and 3D velocity measurements is identified, but not further discussed in Rel-20 NR ISAC.
· Note: it does not prevent further discussion in future.
· Note: this issue may or may not be addressed by NW implementation.

Agreement:
· The velocity measurement of Option D1/D4 is 3D velocity, optional radial velocity.
· Note: in the deployment where 3D velocity cannot be reported, Level D should not be reported.

Agreement:
· The velocity measurement of Option C2/C5 is radial velocity.

Conclusion:
· No further discussion on the assistance information from SF to RAN is expected in Rel-20 NR ISAC from RAN1 study perspective.

Agreement:
Confirm the definition of measurement Level B by removing the square brackets
· Level B: Amplitude and phase profile of delay, and/or Doppler, and/or angle per TRP for a given time stamp by using window(s) of the [consecutive] samples in at least one profile of delay, and/or Doppler and/or angle domain


R1-2601383	Summary #4 on evaluations for NR ISAC	Moderator (Xiaomi)

Agreement:
· From RAN1 perspective, the following methods can be considered to define the quantization for the measurements of Level A/B, 
· e.g., floating point, uniform scalar, non-uniform scalar 
· other quantization method is not precluded. 
· Note: above doesn’t take into account the potential impact from the measurement quantization on sensing performance
· Note: No more discussion on measurement quantization on Level A/B is expected in the study item from RAN1 perspective

Agreement:
· From RAN1 perspective, the metric related to power can be considered for Level C measurement report. 
· From RAN1 perspective, the metric related to power (if applicable) can be considered for Level D measurement report. 
· Note: metric related to power may be different from those defined for communication and between Level C and Level D
· From RAN1 perspective, confidence metrics for the measurements can be considered for Level C/D measurement report
· No more discussion on the metric related to power and confidence metrics is expected in the study item from RAN1 study perspective


Agreement:
· For Level C, at least the following examples of assistance information are identified as needed to assist the further processing at Sensing Function. The assistance information may or may not be provided by RAN.
· Location of TRP if at least delay/range, Doppler/radial velocity or angle is reported
· If a measurement is reported in LCS, LCS to GCS transformation information
· For level D, if radial velocity is not reported, no assistance information is identified from RAN1 perspective. 
· No more discussion on the assistance information on Level C/D from RAN to SF is expected in the study item from RAN1 perspective


R1-2601384	Summary #5 on evaluations for NR ISAC	Moderator (Xiaomi)

Agreement:
· From RAN1 perspective, on measurement quantization of Level C/D for confidence metric, the existing specifications, e.g., TS 23.032, TS 38.455, TS 38.355, TS 37.355 can be considered.
· Note: above does not take into account the potential impact from measurement quantization on the sensing performance.
· Note: No more discussion on measurement quantization on Level C/D for the metric related to power and confidence metric is expected in the study item from RAN1 perspective


Agreement:
· For Level A/B, at least the following examples of assistance information are identified as needed to assist the further processing at Sensing Function. The assistance information may or may not be provided by RAN.
· Level A
· Location of TRP 
· Step size in delay domain if samples in delay domain is reported
· Time information related to OFDM symbols used for measurement 
· Antenna configuration and/or beam information
· Level B
· Location of TRP
· LCS to GCS transformation information
· Information related to sampling of delay, doppler and/or angle profile
· Additional assistance information is not precluded
· No more discussion on the assistance information on Level A/B from RAN to SF is expected in the study item from RAN1 perspective


Agreement:
The payload size estimation of each measurement level/option for NR ISAC can be done by the following formulas
· Level A: Msubcarrier* Ncpi *Mtxport*Nrxport*Ntrp*(Nquan1+ Nquan2)
Where,
· Msubcarrier: number of subcarriers in a OFDM symbols
· Ncpi: number of OFDM symbols within CPI
· Mtxport: number of reference signal antenna port for sensing purpose
· Nrxport: number of Rx antenna ports
· Ntrp: number of TRPs for payload size calculation
· Nquan1: number of quantized bits for amplitude
· Nquan2: number of quantized bits for angle
· Level B: 
· Delay-Doppler Profile: Mdelay *Ndoppler *Mtxport* Nrxport *Ntrp *(Nquan1+ Nquan2)
· Delay-angle Profile: Mdelay * Ncpi *Mtxport*Nangle *Ntrp *(Nquan1+ Nquan2)
· Delay-Doppler-angle Profile: Mdelay *Ndoppler *Mtxport*Nangle *Ntrp *(Nquan1+ Nquan2)
· Delay Profile: Mdelay *Ncpi*Mtxport*Nrxport *Ntrp *(Nquan1+ Nquan2)
Where,
· Mdelay: number of delay samples in the window
· Ndoppler: number of Doppler samples in the window
· Nangle: number of angle samples in the window
· Level C: 
· C1/C2/C3: Np1*Ntrp *
· C4/C5: Np2*Ntrp *
Where,
· Np1 is total number of paths
· Np2 is total number of points
· Nparam is 5 including e.g., 
· C1/C3/C4: delay, Doppler, horizontal angle, vertical angle, power measurement
· C2/C5: position (x, y, z), radial velocity, power measurement
· Nquan,i: number of quantized bits 
· Ntrp: number of TRPs for payload size calculation
· Level D: 
· Nobject*Ngnb * for options D1/2
· Mpoints* Ngnb * for options D3/4
Where,
· Nobject is total number of targets
· Mpoints is total number of scattering points of all targets
· Ngnb is fixed to 1 


Agreement:
· The following assumptions on the parameters can be used to estimate payload size of different Levels/Options of measurements for NR ISAC for calculation purpose 
	Parameters 
	Assumptions 
	Relation to maximum payload calculation

	Nsubcarriers 
	3276 for 100MHz, 30kHz SCS
	

	Ncpi 
	Min 64, medium 160, max 320 symbols per CPI
	

	Mtxport
	1, medium 4, max 9
	Note: value obtained based on evaluation assumptions

	Nrxport
	64
	

	Ntrp 
	3
	

	Ngnb
	1
	

	Nquan1, i.e., amplitude
	Min 16, medium 16, max 32
	

	Nquan2, i.e., phase
	Min 16, medium 16, max 32
	

	
	Min 16, medium 16, max 32
	

	Mdelay
	Min 288 (CP length, UMa)
Medium/max: 467 for 2*570m (UMa)
Max: 1436 for 2*1732m (RMa)
	

	Ndoppler
	same as Ncpi
	

	Nangle 
	B2/B3: 32, 360
	Note: value obtained based on evaluation assumptions
Note: 32 assumes non-uniform sampling
Note: 360 assumes uniform oversampling

	Np
	30, 60, 120
	to calculate min/medium/max for Level-C
Note: value obtained based on evaluation assumptions

	Nobject for D1/D2
	15
	Note: value obtained based on evaluation assumptions

	Mpoints for D3/D4
	20
	Note: value obtained based on evaluation assumptions


· For Level C
· Nparam=5 parameters for measurements
· For Level D
· Nparam=7 parameters for measurements
· for D2/D3/D4, one more parameter of target ID is assumed
Note: for B2/B3, minimum value and maximum value can be different between non-uniform sampling case and uniform oversampling case
Note: RAN1 does not require all the parameters to take the minimum values at the same time or the maximum values at the same time
Note: above does not take into account the potential impact from measurement quantization on the sensing performance.
Note: above does not take into account the potential impact of different Levels/Options on the sensing performance.


Agreement:
The following Text Proposal to Conclusion section in TR 38.765 is endorsed.
	The study in physical layer has identified a number of Levels/Options for measurement report as described in Clause 5. Different Levels/Options for measurement report are associated with different payload overhead, assistance information and other higher layer aspects.




R1-2601385	Summary #6 on evaluations for NR ISAC	Moderator (Xiaomi)

R1-2600081	Performance metric, methodologies, and initial evaluation results for ISAC	Huawei, HiSilicon
R1-2600105	Discussion on evaluation assumptions and performance evaluations on ISAC	Spreadtrum, UNISOC
R1-2600183	Discussion of ISAC evaluation in 5GA	OPPO
R1-2600331	Discussion on evaluation methodology and evaluation results for R20 ISAC for NR	CATT, CICTCI
R1-2600363	Evaluation assumptions and performance evaluation for ISAC	EURECOM
R1-2600381	Discussion on sensing measurement and evaluation result	CMCC
R1-2600446	Discussion on performance evaluation for ISAC	Xiaomi
R1-2600495	Evaluation methodology and performance evaluation  for 5G-A ISAC	vivo
R1-2600538	Discussion on evaluation assumptions and performance evaluation for NR ISAC	Panasonic
R1-2600574	Evaluation assumptions and performance evaluation of ISAC for NR	InterDigital, Inc.
R1-2600620	Evaluation assumptions and performance evaluations for ISAC NR	Tiami Networks
R1-2600622	Performance evaluations of ISAC for NR	Nokia
R1-2600689	Discussion on ISAC evaluation assumptions and performance evaluation	China Telecom
R1-2600708	Discussion on ISAC for NR	Ericsson
R1-2600747	Discussion on ISAC Evaluation assumptions and performance evaluation	Samsung
R1-2600792	Discussion on ISAC performance evaluations	T-Mobile USA Inc.
R1-2600819	On Rel-20 Integrated Sensing And Communication (ISAC) for NR	Apple
R1-2600846	Discussion on ISAC Performance Evaluation	NIST
R1-2600902	Discussion on ISAC evaluation assumptions and performance evaluation	MediaTek Inc.
R1-2600973	Discussion on 5G-A ISAC evaluation	ZTE Corporation, Sanechips, Shanghai Jiao Tong University, Pengcheng Laboratory
R1-2600995	Discussion on evaluation assumptions and performance evaluation for NR ISAC	ETRI
R1-2601031	Discussion on NR ISAC evalution assumption and performance evaluation	LG Electronics
R1-2601055	On ISAC performance evaluations and assumptions	Lenovo
R1-2601125	On 5G NR ISAC evaluation assumptions and performance evaluation	Sony
R1-2601171	Evaluation assumptions and performance evaluation for ISAC	NTT DOCOMO, INC
R1-2601234	Discussion on evaluation assumptions and performance evaluation for NR ISAC	Panasonic
R1-2601264	Evaluation Assumptions and performance evaluation for UAV gNB-monostatic sensing	Qualcomm Incorporated
R1-2601358	Discussion on Performance Evaluations for Rel-20 ISAC	Google Korea LLC
R1-2601390	Discussion on ISAC evaluation assumptions and performance evaluation for 5G NR	CEWiT
R1-2601407	Discussion and Evaluations for NR ISAC	VIAVI, CMCC

1 
