Annex.0 
In this document, we summarized companies’ proposals in contributions submitted to 10.5.3.1.
Annex. 1 Evaluation methodology 
SLS assumption 
Summary of Companies’ observation/proposals from Tdoc: 
	Company
	Key proposal/observation

	Apple

	Proposal 3-1-21: Adopt the table in Section 3.1.8 for system level evaluations
	DL based CSI acquisition

	Parameter
	Value

	Duplex, Waveform 
	FDD, TDD, OFDM 

	Scenario
	Dense Urban Urban Macro, Suburban Macro, Rural (Macro only), indoors as baseline. 
Other scenarios are not precluded.

	Frequency Range
	700 MHz, 2, 4, 7, 15, 30 GHz

	Inter-site distance
	As agreed in evaluation assumption agenda in RAN1 #123

	Channel model
	As agreed in evaluation assumption agenda in RAN1 #123, spatial consistency and/or frequency correlation are used in evaluations exploring channel correlation across time/frequency/spatial domain

	Antenna setup and port layouts at BS
	700 MHz: Combination 1
2 GHz: Outdoor Combination 2 
4 GHz: Outdoor Combination 1 and Combination 3
7 GHz: Outdoor Combination 1 and Combination 3 
15 GHz: Outdoor Combination 2 and Combination 3
30 GHz: Outdoor Combination 3

	Antenna setup and port layouts at UE
	Up to 4Rx and agreed in evaluation assumption agenda in RAN1 #123, supporting pair of cross antennas, antenna locations and/or hand-grip as in TR 38.901

	BS Tx power 
	1) 700 MHz, 2, 4, 7 GHz for Dense Urban: 44 dBm per 20 MHz
2) 700 MHz, 2, 4, 7 GHz for Urban Macro/Suburban Macro/Rural: 49 dBm per 20 MHz
3)  15 GHz: 43 dBm per 20 MHz
4) 30 GHz: 33 dBm per 20 MHz
BS Tx power scales up with bandwidth proportionally under the limitation of the maximum BS Tx power is 56dBm for outdoor and 33dBm for indoor for the above carrier frequencies.

	BS antenna height 
	As agreed in evaluation assumption agenda in RAN1 #123

	UE antenna height & gain
	As agreed in evaluation assumption agenda in RAN1 #123 

	UE receiver noise figure
	9 dB for 700 MHz to 7 GHz, 13 dB for 15 GHz and 30 GHz

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	NR LDPC

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz for 700 MHz and 2 GHz, 30kHz for 4 and 7 GHz, 120 kHz for 15 GHz and 30 GHz 

	Number of RBs
	Integer number of subband size 

	Simulation bandwidth 
	20 MHz as baseline

	Frame structure 
	Slot Format 0 (all downlink) for all slots or DDDSU for TDD 

	MIMO scheme
	SU-MIMO with rank adaptation   
MU-MIMO with rank adaptation  

	Network scheduling and network assumption
	Single TRP scheduling as baseline, 
Optionally mTRP scheduling for TRPs with ideal backhaul connection and ideal or non-ideal front-haul (as in Rel-19 CJT Calibration, modeling timing/frequency/phase asynchronization)

	MIMO layers
	Up to 4 layers per UE, up to 12 layers per base station 

	CSI feedback 
	
CSI-RS transmission periodicity: 5 ms, 20 ms or 40 ms 
CSI processing latency from CSI measurement to CSI reporting: follow Z2/Z2’ as specified in TS 38.214 for CSI-RS measurement/codebook-based CSI feedback schemes, different CSI processing latency can be assumed and justified for other feedback schemes
Scheduling delay (from UCI reception to time to apply in scheduling):  3 ms for codebook-based CSI feedback schemes, other values can be assumed and justified (e.g., DMRS based CSI feedback, new container design, etc.)

	System Overhead 
	PDCCH: 2 OFDM symbols per DL slot, more OFDM symbols can be assumed for PDCCH coverage
DMRS: DMRS Type I single symbol for SU-MIMO, DMRS Type II double symbol for MU-MIMO 
CSI-RS: periodic CSI-RS per 5, 20 or 40 ms 
The actual feedback overhead statistics per system level evaluation for uplink overhead calculcation

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	10% ~ 50% 

	UE distribution
	As agreed in evaluation assumption agenda in RAN1 #123

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Error-free UCI reception as baseline, and UCI error rate and processing latency can be additionally modelled 

	Channel estimation
	Realistic, ideal channel estimation for calibration

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics, the CSI feedback overhead is the actual feedback overhead statistics per system level evaluation

	Baseline for performance evaluation
	Rel-19 Type I Scheme B is the baseline for performance and overhead evaluation targeting SU-MIMO scheduling
Rel-16 eType II Codebook is the baseline for performance and overhead evaluation using MU-MIMO scheduling in addition to SU-MIMO scheduling






	Ericsson

	[bookmark: _Ref220694748]Table 1: Proposed general system-level EVM assumptions on carrier frequency, scenario, and BS antenna configuration for DL CSI studies
	Carrier 
frequency
	Scenario,
Tx power (per 20MHz)
	Total number of 
antenna elements
	Total number of TXRU
	(M, N, P, Mg, Ng; Mp, Np)
	(dH,dV)

	700 MHz
	Suburban Macro, 49dBm
Urban Macro, 46dBm
	32
	4
	(8, 2, 2, 1, 1; 1, 2)
	(0.5, 0.5)λ

	4 GHz
	Suburban Macro, 49dBm
Urban Macro, 46dBm
Dense Urban, 44dBm
	128
	32
	(8, 8, 2, 1, 1; 2, 8)
	(0.5, 0.8)λ

	
	
	256
	64
	(16, 8, 2, 1, 1; 4, 8)
	(0.5, 0.8)λ

	
	
	512
	128
	(32, 8, 2, 1, 1; 8, 8)
	(0.5, 0.8)λ

	7 GHz
	Dense Urban, 44dBm
Urban Macro, 46dBm
	256
	64
	(16, 8, 2, 1, 1; 4, 8)
	(0.5, 0.8)λ

	
	
	768
	128
	(24, 16, 2, 1, 1; 4, 16)
	(0.5, 0.8)λ

	
	
	1024
	256
	(32, 16, 2, 1, 1; 8, 16)
	(0.5, 0.8)λ

	28 GHz
	Dense Urban, 44dBm
	1024
	4
	(16, 16, 2, 2, 1; 1, 1)
	(0.5, 0.5)λ



[bookmark: _Ref220694894]Table 2: General evaluation assumptions for 6G DL CSI studies.
	Parameter
	Value

	Scenarios
	See Table 1

	Carrier frequency
	See Table 1

	SCS
	15 kHz for 700 MHz 
30 kHz for 4 GHz and 7 GHz 
120 kHz for 28 GHz

	Modulation
	Up to 256 QAM

	Simulation bandwidth
	20 MHz or 100 MHz

	MIMO scheme
	SU- or MU-MIMO with rank adaptation

	UE receiver
	MMSE-IRC

	Traffic model
	eFTP traffic; Initial evaluations may use FTP 1

	Resource unitization
	20%, 50%, 70%

	CSI-RS Channel estimation
	Realistic

	CSI-RS periodicity
	10, 20 ms

	CSI delay
	4 ms

	BS antenna setup and port layout
	See Table 1

	BS receiver noise figure
	Around 7 GHz and below: 5 dB
Around 15 GHz and above: 7 dB

	UE receiver noise figure
	Around 7 GHz and below: 7 dB
Around 15 GHz and above: 10 dB

	Calibration error for classical radios
	Wideband phase error between Tx antenna port  and Tx antenna port  () can be modeled in following two ways:
Case 1: independent random phase offset uniformly distributed between  and  between any two Tx antenna ports.
Case 2: worst case where the phase error between Tx antenna port 0 and the last Tx antenna port is .
FFS:  whether/how to model subband phase error

	BS Tx power constraint
	Per antenna port and total power constraint

	UE antenna setup and port layout
	2, 4, 8 Rx
Use antenna model with candidate antenna locations as described in section 7.3 in TR38.901. FFS Actual antenna locations.

	DMRS channel estimation
	Realistic





	Samsung

	[bookmark: _Ref219293023]Table 9
	Parameters
	Set1
	Set2
	Set3

	Carrier Frequency
	Around 4 GHz
	Around 7GHz
	Around 700MHz

	Bandwidth
	20 MHz
	10 MHz

	Subcarrier Spacing
	30kHz
	15kHz

	Channel Model
	UMa, ISD = 500m, 200m
	SMa, ISD = 1299m
	RMa, ISD = 1732m

	BS Tx power
	49 dBm 
	46 dBm

	BS Antenna Configuration
	(M,N,P) = (8,8,2); 64 ports;
(M,N,P) = (12,8,2); 64 ports
	(M,N,P) = (24, 16, 2) 128 ports;
(M,N,P) = (32, 16, 2) 256 ports
	(M,N,P)=(2,2,2) 8 ports; (Baseline)
(M,N,P)=(8,4,2) 8 ports

	Number of UE antennas
	4 for up to rank 4
8 for up to rank 8
	2

	Traffic Model
	Non-Full buffer, FTP model 3, Packet size = 500kB
Low RU (RU 30)
Optional: Medium RU (50)
	Non-Full buffer, FTP model 3, Packet size = 500kB
Low RU (RU 30)
Optional: Medium RU (50)

	Scheduling
	SU-MIMO PF
Optional: MU-MIMO PF, up to 4 MU layers
	SU-MIMO PF
Optional: MU-MIMO PF, up to 4 MU layers

	CSI-RS periodicity
	10, 20 slots (or ms)

	User rank
	1 or 2 or 3 or 4 for 4 UE antennas
1,2,…,8 for 8 UE antennas
	1 or 2

	Number of Rings
	1 Ring, (=21 sectors) for AI scenario
2 Rings, (=57 sectors) for non-AI scenario

	Number of UEs per cell
	10 for AI scenario 
30 for non-AI scenario

	Number of SBs
	13 (for SB) or 1 (for WB)

	Channel estimation
	Non-ideal

	Receiver
	MMSE-IRC



[bookmark: _Ref219293025]Table 10
	CJT Scenario 1: Intra-cell (DMIMO) scenario
	4 TRPs/RRHs per CJT set
Layout:
[image: ] 

	CJT Scenario 2: intra-site, inter-cell
	3 TRPs per cooperative set
Layout: 
[image: ]



Proposal #26: Endorse  Table 9 and Table 10 for SLS evaluation for CSI related proposal.
 

	ATT

	Proposal 1 MIMO evaluations in 6GR are not exclusively focused on around 7 GHz carrier frequency, and would include legacy midband and antenna configurations, e.g., with 32/64 TXRUs. 
Moreover, we would like SMA models to be included in simulation evaluation for XL MIMO, since it resembles the suburban terrain in many areas of North America, especially with 1732 m. ISD.  
Proposal 2 Suburban Macro (SMa) model with ISD 1732 m. is included in the evaluation assumptions adopted for the 6GR MIMO study. 
Proposal 3 For FWA evaluations, UE speed is set to 1 km/h. 
Proposal 4 The SU-MIMO maximum number of layer limit is set to 8 for 6GR as a starting point. 

	CATT

	[bookmark: _Ref220676607]Proposal 18: Adopt EVM in Table 4 for downlink-based CSI acquisition design.
[bookmark: _Ref220674840]Table 4: Suggested EVM for downlink-based CSI acquisition design
	Parameter
	Values

	Duplex, Waveform
	FDD/TDD, OFDM

	Multiple access
	OFDMA

	Scenarios
	For sTRP: 
Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi, UMa) are not precluded.
For CJT: 
1) Outdoor1 (typical 57-sector SLS): 
- 4 TRPs within each sector. N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen from the 4 TRPs based on, e.g. RSRP) for each UE
- Dense Urban (macro only) 200m ISD

2) Outdoor2 (typical 57-sector, or 21-sector, SLS): 
- OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP). The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs), or also from other sites (inter-site) - company should describe what is assumed 
- OptionB: N_TRP co-located (at BS) panels per sector - companies describe how the panels are (azimuthally) oriented
- Dense Urban (macro only) 200m ISD or Urban Macro 500m ISD

	Carrier Frequency
	4GHz and 7GHz at least, other simulation carrier frequency could be considered.

	Bandwidth
	Around 4 GHz: basic: 20MHz, optional: 100MHz, 200MHz, 300MHz 
Around 7 GHz: basic: 20MHz, optional: 100MHz, 200MHz, 400MHz
Note: other simulation BW could be considered.

	Channel generation model
	According to the TR 38.901

	BS Tx power
	44 dBm per 20 MHz for Dense Urban Macro BS, 49dBm for UMa at 4GHz
44 dBm per 20 MHz for Dense Urban Macro BS, 49dBm for UMa at 7GHz 

	BS antenna configurations
	Around 4 GHz:
Config 1: (M, N, P, Mg, Ng; Mp, Np) =(12, 8, 2, 1, 1; 4, 8), (dH, dV )= (0.5λ, 0.8λ)
Config 2: (M, N, P, Mg, Ng; Mp, Np) =(16, 8, 2, 1, 1; 4, 8), (dH, dV )= (0.5λ, 0.8λ)
Optional:
Config 3: (M, N, P, Mg, Ng; Mp, Np) =(16, 16, 2, 1, 1; 4, 16), (dH, dV )= (0.5λ, 0.5λ)
Around 7 GHz:
Config 4: (M, N, P, Mg, Ng; Mp, Np) =(24, 16, 2, 1, 1; 4, 16), (dH, dV )= (0.5λ, 0.8λ)
Config 5: (M, N, P, Mg, Ng; Mp, Np) =(32, 16, 2, 1, 1; 8, 16), (dH, dV )= (0.5λ, 0.8λ)
Optional:
Config 6: (M, N, P, Mg, Ng; Mp, Np) =(48, 16, 2, 1, 1; 8, 16), (dH, dV )= (0.5λ, 0.8λ)

	BS port mapping
	Around 4 GHz and around 7 GHz:
A single TxRU is mapped per panel per subarray per polarization as mandatory option.

	BS antenna height
	Dense Urban: 25m for macro cells
UMi: 10m
UMa: 25m for macro cells

	UT antenna configurations
	Around 4GHz: Up to 8Tx/Rx (4 Tx/Rx for handheld device) , including 2R, 4R and 8R
Around 7GHz: Up to 8Tx/Rx (4 Tx/Rx for handheld device) , including 2R, 4R and8R

	UE distribution 
	Dense Urban:
UE number per TRP: 10 is basic. [30 and 50] are optional.
Opt1 (preferred):
80% indoor (3km/h); 20% outdoor(30km/h).
Opt2:
40% indoor (3km/h), 40% outdoor (3km/h), 20% outdoor (30km/h)
UMa:
UE number per TRP: 10 is basic. [30 and 50] are optional.
Opt1 (preferred):
80% indoor (3km/h); 20% outdoor(30km/h).
Opt2:
40% indoor (3km/h), 40% outdoor (3km/h), 20% outdoor (30km/h)

	UE antenna height & gain
	Follow TR 38.901

	UE attachment 
	Based on RSRP

	BS Polarized antenna modelling
	Model-2 in Clause 7.3.2 in TR 38.901

	UE Polarized antenna modelling
	Opt 1: (M, N, P, Mg, Ng; Mp, Np), (dH, dV ), (dg,H,dg,V) if any, or 
Opt 2: handheld device antenna model using candidate antenna locations as described in section 7.3 in TR38.901

	UE orientation
	Follow TR 38.901

	UE antenna pattern
	Opt 1: Isotropic
Opt 2: Pattern for Handheld UT (TR 38.901 Table 7.3-2)

	Numerology
	14 OFDM symbol slot,
4GHz: 15kHz SCS for FDD, 30kHz SCS for TDD
7GHz: 30kHz SCS

	Frame structure
	FDD: all downlink for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline

	MIMO layers
	At least up to 8 layers for SU-MIMO
At least up to 24 layers for MU-MIMO

	CSI feedback
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) : 10ms/20ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) : 4 ms

	Overhead
	Companies shall provide the downlink overhead assumption

	Traffic model
	Full buffer
FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	50/70 % for SU/MU-MIMO and mTRP with rank adaptation
20% for SU-MIMO with rank adaptation

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Multi-TRP operation, e.g., ideal or non-ideal backhaul/sync
	Opt1: ideal backhaul/sync
Opt2: ideal backhaul/non-ideal sync
For frequency offset, per-TRP frequency offset (relative to the UE) is uniformly distributed between [-x, x]. Companies should state the assumed value of x, e.g., 0.05ppm, 0.1ppm.
For delay offset in FDD, per UE delay difference is uniformly distributed between [-y1, y1]. Companies should state the assumed value of y1, e.g., CP length.
For delay offset in TDD, per-TRP DL/UL timing misalignment is uniformly distributed between [-y2, y2]. Companies should state the assumed value of y2, e.g., 65ns.
For phase offset, per-TRP DL/UL phase misalignment is uniformly distributed between [-z, z], where z is {}.

	Evaluation Metric
	Throughput/UPT and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.




	MediaTek

	Table-2.1.4.1 Recommended key evaluation setting for 6G study on CSI-RS based CSI acquisition 
	Parameter
	Value/Setting
	Rationale/Notes

	Bandwidth
	100 MHz
	Evaluate the wide bandwidth effects and large subband size (32 RBs), which are becoming relevant for 6G spectral efficiency and accurate CSI feedback evaluation.

	Subband Size
	32 RBs
	Used to study the impact of large subband aggregation on CSI granularity and compression.

	Carrier Frequency
	· 4 GHz
· 7 GHz (optional)
	Reflects both mid-band and higher frequency candidate spectrum for 6G, allowing study of propagation and feedback effects at different bands.

	Traffic Model
	· FTP (RU 60-70%)
· Full Buffer
	FTP with 60-70% resource utilization (RU) emulates a loaded system and enables multi-user gain study.
Full buffer mode is used for calibration/baseline to ensure consistency and peak performance analysis.

	CSI-RS/CSI Periodicity
	20 ms
	Reflects practical field operation where feedback latency and overhead are balanced with channel coherence time

	CSI Schemes
	· Ideal SVD
· R19 eType-II
· R19 Type-I Scheme A/B
	Ideal SVD: Calibration/baseline, isolates simulation methodology discrepancy 
R19 Type-I/eType-II: Typical CSI schemes as NR benchmark 

	MIMO Config
	SU-MIMO
MU-MIMO, up to 4 layers/UE
	Assesses both single-user and multi-user MIMO capabilities—a key 6G pillar.



The more detailed parameters for S-TRP and M-TRP scenarios are listed in the Appendix 5.1.

Proposal 2.1.4.1: For 6G study on conventional CSI-RS based CSI acquisition, the SLS evaluation assumptions summarized in Table-2.1.4.1 are recommended. 

	vivo

	For SLS, the EVM can be based on the current agreements of AI 11.2: Evaluation assumptions for 6GR air interface, with the following modifications.
· The UE antenna modelling
· Channel estimation
· Scenario
For UE antenna modelling of handheld UE, the modelling of TR 38.901[2] should be adopted as it is closer to the actual antenna layout. The actual Rx antenna of the UE should select from at least some of these 8 antenna positions, i.e.,
· For 2-Rx UE, companies to report 2 out of 8 positions selected for 2 Rx antennas.
· For 4-Rx UE, companies to report 4 out of 8 positions selected for 4 Rx antennas.

[image: ]
Handheld UT antenna placement candidate locations relative to centre of device (top down view)

[bookmark: _Hlk220682460]On Rx antenna configuration at UE side for DL performance evaluation, support using TR 38.901 antenna placement candidate locations for Handheld UE, i.e., 
For 2-Rx UE, companies to report 2 out of 8 positions selected for 2 Rx antennas.
For 4-Rx UE, companies to report 4 out of 8 positions selected for 4 Rx antennas.


Additive noise modelling can be assumed for channel estimation of CSI-RS REs for realistic channel estimation. To reflect error difference for high-density CSI-RS and low-density CSI-RS in the channel estimation error modelling,
When all CSI-RS ports in one resource occupy multiple PRBs, each channel matrix sample estimated in CSI-RS REs for CSI calculation corresponds to the multiple PRBs.
The CSI-RS density determines the number of channel matrix samples in each configured PMI subband and CQI subband.

Moreover, some EVM of Rel-18 CJT CSI should be considered to evaluate the corresponding CSI performance. For example, the following two typical CJT scenarios should be adopted, difference in propagation delays between UE and NTRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT, TRP selection can be considered.
[image: ]
Two typical CJT scenarios for evaluation
EVM of Rel-18 CJT CSI should be considered to evaluate the corresponding CSI performance.

	Huawei

	[bookmark: _Ref216427717]Table 7. SLS Simulation assumptions
	Parameters
	Urban macro 

	Carrier frequency 
	[bookmark: _Hlk220426582]Around 2 GHz (FDD)
Around 4 GHz (TDD)
Around 7 GHz (TDD)

	Simulation bandwidth
	[bookmark: _Hlk220426788]Around 2 GHz: 20MHz, 100MHz, 200MHz 
Around 4 GHz: 20MHz, 100 MHz, 200 MHz, 300 MHz
Around 7 GHz: 20MHz, 100 MHz, 200 MHz, 400 MHz
Other BW is not precluded 

	Layout
	7×3 cells, Single layer - Hex. Grid

	Scenario
	Dense urban
Urban macro
Other scenarios can be considered

	Channel model
	TR 38.901

	Numerology
	OFDM, 15 kHz for FDD, 30 kHz for others

	Total transmit power per BS
	Scaled down proportionally for other bandwidth based on: 56 dBm/400MHz 

	BS antenna configuration
	Configuration for around 2GHz:
64TXRU 192AEs (Outdoor Combination 2): 
(M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1, 4, 8). (dH, dV) = (0.5, 0.5)λ
Configuration for around 4GHz:
64TXRU 192AEs (Outdoor Combination 1): 
(M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1, 4, 8). (dH, dV) = (0.5, 0.8)λ
Configuration for around 7GHz:
256TXRU 1024AEs (Outdoor Combination 2):
(M, N, P, Mg, Ng; Mp, Np) = (32, 16, 2, 1, 1, 8, 16). (dH, dV) = (0.5, 0.8)λ
256TXRU 1536AEs (Outdoor Combination 3):
(M, N, P, Mg, Ng; Mp, Np) = (48, 16, 2, 1, 1, 8, 16). (dH, dV) = (0.5, 0.8)λ
512TXRU 2048AEs (Outdoor Combination 5):
(M, N, P, Mg, Ng; Mp, Np) = (64, 16, 2, 1, 1, 16, 16). (dH, dV) = (0.5, 0.5)λ

	UE power class
	26dBm

	UE antenna configuration
	4R, 8R, 16R
Opt1: 4R (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) λ
Opt2: 8R (M, N, P, Mg, Ng; Mp, Np) = (1, 4, 2, 1, 1; 1, 4), (dH, dV) = (0.5, 0.5) λ
Opt3: 16R (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 2, 4), (dH, dV) = (0.5, 0.5) λ

	UE antenna modelling
	TR 38.901

	UE Receiver
	MMSE-IRC as the baseline

	UE distribution 
	UE number per TRxP: 10, 30, 50
UE distribution: 20% outdoor, 80% indoor

	UE speed
	Outdoor vehicles (30km/h), indoor (3 km/h), and FFS other speeds

	UE Power control parameter for UL
	Close loop

	Traffic model
	Alt 1: Full buffer
Alt 2: FTP Model 3 (in TR 36.872)
Other traffic models (e.g, variable packet size and the associated time domain behaviors) are not precluded

	Scheduling
	PF

	Inter-cell interference model
	Explicitly and realistically modelled

	Channel estimation assumption
	Realistic, Ideal 

	Transmitter CSI acquisition assumptions 
	· PMI: FFS codebook and feedback details
· Explicit CSI feedback: FFS 
· Ideal CSI for the BS 

	Precoding settings
	Granularity: 4 RB, other not precluded
Method: EZF

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	Company report



[bookmark: _Ref220661724]Proposal 22: For evaluation of enhancements on downlink based CSI acquisition:
· Both SLS and LLS are considered.
· Use Table 8 and Table 7 as starting point.
· Consider intermediate KPIs, such as SGCS/NMSE; link level KPS, such as BLER/SE/throughput; and system level KPIs, such as cell average and edge downlink SE, cell average and edge UPT.



LLS assumption 
	Company
	Proposal

	Huawei, HiSilicon
	Table 8. LLS Simulation assumptions
	Parameters
	Value

	Carrier frequency 
	Around 2 GHz (FDD)
Around 4 GHz (TDD)
Around 7 GHz (TDD)

	Simulation bandwidth
	24RB, 48RB, others are not precluded

	Waveform and numerology 
	OFDM, 15 kHz for FDD, 30 kHz for others

	Channel model and delay spread
	CDL-A/B/C in TR 38.901

	Delay spread
	30ns/100ns/300ns

	UE speed
	3 km/h, 30 km/h, and FFS other speed 

	PRG
	4 RB, other not precluded

	BS antenna configuration
	Configuration for around 2GHz:
64TXRU 192AEs (Outdoor Combination 2): 
(M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1, 4, 8). (dH, dV) = (0.5, 0.5)λ
Configuration for around 4GHz:
64TXRU 192AEs (Outdoor Combination 1): 
(M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1, 4, 8). (dH, dV) = (0.5, 0.8)λ
Configuration for around 7GHz:
256TXRU 1024AEs (Outdoor Combination 2):
(M, N, P, Mg, Ng; Mp, Np) = (32, 16, 2, 1, 1, 8, 16). (dH, dV) = (0.5, 0.8)λ
256TXRU 1536AEs (Outdoor Combination 3):
(M, N, P, Mg, Ng; Mp, Np) = (48, 16, 2, 1, 1, 8, 16). (dH, dV) = (0.5, 0.8)λ
512TXRU 2048AEs (Outdoor Combination 5):
(M, N, P, Mg, Ng; Mp, Np) = (64, 16, 2, 1, 1, 16, 16). (dH, dV) = (0.5, 0.5)λ

	UE antenna configuration
	4R, 8R, 16R
Opt1: 4R (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) λ
Opt2: 8R (M, N, P, Mg, Ng; Mp, Np) = (1, 4, 2, 1, 1; 1, 4), (dH, dV) = (0.5, 0.5) λ
Opt3: 16R (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 2, 4), (dH, dV) = (0.5, 0.5) λ

	SU-MIMO rank
	DL: up to 16
UL: up to 8
(rank fixed or rank adaptation) 

	Receiver type 
	MMSE-IRC

	Channel estimation
	ICE, RCE

	Link adaptation
	AMC/fixed MCS


KPIs and evaluation metrics
Intermediate KPIs: SGCS/NMSE to evaluate the accuracy of reconstructed CSI.
Link level KPIs: BLER, SE/throughput
System level KPIs: Cell average DL SE, cell edge DL SE, cell average UPT, cell edge UPT, and CDF of UPT


	vivo

	Link level simulation assumptions
	Parameter
	Value

	Carrier frequency and subcarrier spacing
	7GHz/4GHz, 30kSCS

	System bandwidth
	20MHz

	Channel model
	CDL

	Delay spread
	10ns, 30ns, 100ns, 300ns, and 1000ns

	UE velocity
	3km/h, 30km/h, 60km/h, 120km/h

	UE antenna modelling
	the UE antenna modelling of TR 38.901[2] should be adopted

	BS antenna modelling
	based on the current agreements of AI 11.2, prioritize Combinations 2, 4 and 5 for outdoor

	Evaluation metrics
	NMSE, throughput




	Samsung

	Proposal #34: Endorse Table 11 as LLS assumption for CSI-RS related evaluations.
Table 11: LLS assumption for CSI-RS evaluations
	Assumptions
	Value

	Carrier (BW)
	4GHz (20/100MHz), 7GHz (20/200MHz)

	Duplex
	TDD

	Subcarrier spacing
	30kHz

	Number of TXRUs
	TRP = {32, 64} for 4GHz and {128, 256} for 7GHz
UE = {2, 4} (8 optional)

	Transmission layers for data channel
	SU-MIMO: up to 4 layers (8 layers optional)

	Transmission scheme
	Multi-antenna port transmission schemes using DL precoding
Note: Companies explain details of the using transmission scheme.

	CSI feedback
	Each company describes their own assumptions on CSI feedback and/or beam management, e.g., eType-1 Mode B, AI CSI, JSCM

	CW to layer mapping
	NR CW to layer mapping (baseline)

	Data allocation
	· 1, 8, 32 RBs, and maximum throughput
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	· DL 2 or N RBs as in NR (baseline), where N wideband precoding (optional)

	Modulation order, Coding rate
	QPSK (1/5, 1/3), 16QAM (1/2, 3/4), 64QAM (2/3, 5/6), 256QAM (3/4, 5/6), 
Other MCS are not precluded
Note: Companies are allowed to choose the more appropriate MCS(s) for CSI-RS evaluation in the selected channel model.

	Channel coding
	LDPC coding (baseline) 
Enhanced LDPC channel coding schemes are not precluded.

	Channel estimation
	Realistic OCC-de-spreading (Optional MMSE) + channel covariance averaging (baseline)
Ideal channel estimation can be also provided as reference

	Performance metric
	· BLER
· Throughput
· Additional metrics (e.g., SGCS after precoding quantization) can be also provided

	CSI-RS periodicity
	5, 20, 40 ms taking into account frame structure provided by proponent

	Maximum CSI-RS power boosting
	6dB (FFS other values pending RAN4 feedback)

	UE speed
	3 km/h, 30km/h, Optional 120 km/h

	Channel model
	· CDL-A/B/C/E models
· Possible DS values = {10, 30, 100, 300, 1000} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.901
· Optional The angles of TRP, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.901 accordingly.
Note: Companies are encouraged to choose calibrated channel model for evaluation.

	TRP antenna configuration
	For CDL channels the number of antenna elements follows 6GR general assumptions

	UE antenna configuration
	For CDL channels the number of antenna elements follows 6GR general assumptions

	Other CSI-RS parameters
	Specified by proponent, e.g., CDM-group sizes, CDM group layout, PDSCH / CSIRS multiplexing, etc.





	Lenovo

	 Table 2: LLS evaluation assumptions for non-orthogonal CSI-RS ports
	Parameters
	Assumptions

	PDSCH Bandwidth
	52RB

	Subcarrier spacing
	15kHz

	Carrier frequency
	2GHz

	MCS
	QPSK, coding rate=120/1024

	Antenna config.
	32x4

	rank
	1

	precoder
	Feedback 

	Channel model
	CDL-C

	Channel estimation
	2D MMSE

	Delay spread
	100ns

	Velocity
	3km/h

	PDSCH transmission
	14 OFDM symbols with 2 OFDM symbols for DMRS 






AI-based CSI compression 
This part can be discussed if no big concern on study of JSCC/JSCM. 
KPI and basic assumption for AI-based CSI compression
Generalizations/Scalability for JSCCJSCM
	Company
	Key proposal/observations

	Nokia
	Study generalization and scalability for JSCC/M with a baseline of the three cases defined in Rel-18

	CATT
	Proposal 19: To verify the generalization/scalability performance of an AI/ML model, consider the following aspects:
· Various deployment scenarios (e.g., UMa, UMi, InH)
· Various outdoor/indoor UE distributions for UMa/UMi (e.g., 10:0, 8:2, 5:5, 2:8, 0:10)
· Various carrier frequencies
· Various antenna virtualization (TxRU mapping)
· Various antenna port layouts, e.g., (N1/N2/P) and/or antenna port numbers (e.g., 32 ports, 16 ports)

	Samsung
	Observation #32: Similar scalability and generalization performances, as studied in NR, are expected at least for 2-sided model for JSCC/JSCM. 
Proposal #28: To verify the generalization/scalability performance of an AI/ML model over various configurations (e.g., which may potentially lead to different dimensions of model input/output), the set of configurations are considered focusing on one or more of the following aspects:
· Various uplink channel models (e.g., AWGN, CDL, TDL, different uplink SNR range)
· Various UL resource size, e.g., size, for CSI feedback (for JSCM)
· Various number of Rx ports, if applicable
Proposal #29: For the evaluation of scalability/generalization for AI-based CSI compression, the evaluation methodology in NR (as in TR 38.843) can be considered as the starting point. 
Proposal #30: For AI-based CSI compression with rank ≥1, when precoding vector is target CSI, layer common model can be used as the baseline for evaluation. 



CSI prediction 
	Company
	Key proposal/observation

	Nokia
	Table 4. Dataset and system-level simulation assumptions for CSI-RS overhead reduction
	Parameter (s)
	Value (s)

	Duplex, Waveform 
	FDD, OFDM 

	Scenario 
	Dense Urban Macro 

	Carrier Frequency 
	64 Tx ports : 4 GHz

	Inter-BS distance 
	64 Tx ports : 200 m 

	Channel model 
	According to TR 38.901 

	Antenna setup and port layout at gNB
	64 Tx ports : (8, 8, 2, 1, 1 ; 4, 8) ; (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layout at UE
	4 Rx ports : (1, 2, 2, 1, 1 ; 1, 2) ; (dH,dV) = (0.5, 0.5)λ

	BS Tx power
	44 dBm

	BS antenna height
	25 m

	UE antenna height and gain
	According to TR 36.873

	UE receiver noise figure
	9 dB

	Modulation
	Up to 256QAM

	Subcarrier spacing 
	30 kHz

	Simulation BW
	20 MHz

	UE distribution
	80% indoor (3 km/h), 20% outdoor (3 km/h)

	Channel estimation
	Ideal and non-ideal (SNR = 3, 10, and 20 dB)




	InterDigital
	Table 2 - Simulation assumptions for results in Figure 4
	Parameter
	Value

	Carrier frequency
	2 GHz

	Maximum doppler shift
	50Hz

	Delay spread
	200ns

	SNR 
	10dB

	Sparsity order
	5

	Number of RB
	50

	Channel
	CDL-D, CDL-E

	Subcarrier spacing
	15KHz

	Number of CSI-RS RBs used for CSI-RS
	35



Table 3 - Simulation assumptions for results in Figures 10 and 11
	Simulation configuration parameter
	Value

	Channel model
	UMa

	Carrier frequency (GHz)
	2

	Bandwidth
	48 RB and 52 RBs

	Subcarrier spacing (kHz)
	15 

	Antenna layout
	gNB 128 Tx port: (16,16,2,1,1,4,16), (dH,dV) = (0.5, 0.8)λ
gNB 256 Tx port: (16,16,2,1,1,8,16), (dH,dV) = (0.5, 0.8)λ
UE 4 Rx port: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	Number of samples for training
	SDR: 2,175 M
FDR: 167 K

	Number of samples for testing
	SDR: 445 K
FDR: 34 K




	Huawei/HiSilicon
	[bookmark: _Ref220661733][bookmark: _Ref220661823]Proposal 23: Consider the following aspects of AI/ML specific evaluation methodology for 6GR CSI prediction:
· Link level simulation and system level simulation can be considered.
· For complexity KPI, at least consider FLOPs/MACs, number of parameters.
· Generalization and scalability performance, including the aspects of deployment scenario, UE speed, indoor/outdoor distribution, antenna configurations, sparse CSI-RS pattern (frequency and/or spatial domain) and density, etc.
· Imperfect/non-ideal factors at least including noising and channel estimation error for model input and label.

	OPPO
	Table 3 Parameter setting for CSI prediction
	Parameter
	Value

	AI/ML model location
	UE-side

	Channel
	CDL-C

	Delay spread
	30ns

	Number of PRBs
	52

	Tx port
	256

	Rx port
	4

	Training samples
	20k

	Testing samples
	2k




	Tejas
	Table 2. Simulation assumptions for CSI-RS overhead reduction
	
Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Scenario/ISD
	UMa

	Modulation
	Up to 256 QAM 

	gNB Tx power
	44 dBm

	UE Tx power
	23 dBm

	gNB antenna height
	25 m

	gNB receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology & Bandwidth
	15kHz SCS, 20 MHz

	UE receiver
	MMSE-IRC

	Network Layout
	10 UEs per sector (in a total of 21 sectors (7 cells x 3 sectors per cell))

	UE distribution
	80% Indoor (3Km/h) 20% outdoor (30km/h)

	CSI feedback delay
	5ms




	CMCC
	Table 10. Simulation assumption for AI/ML based CSI prediction.
	Parameter
	Value

	Scenario
	Dense Urban

	Channel model
	According to TR 38.901

	SCS
	30kHz

	Bandwidth
	20MHz

	Carrier Frequency
	7GHz

	Tx power
	44dBm

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4 ports: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for (rank 1-4)

	UE distribution
	80% outdoor (30km/h), 20% indoor (3km/h)

	Data format
	Float 64

	Data set
	42k samples, training set: validation set: test set = 8: 1:1

	Loss function
	MSE

	AI model
	Cmixer




	Xiaomi
	Table 7-1 Evaluation assumptions for CSI-RS OH reduction 
	Parameters
	Value

	Carrier frequency
	3.5 GHz

	RB num
	52

	Tx num
	[Mg, Ng, M, N, P] = [1, 1, 4, 8, 2] – 64 Tx

	Rx num
	[Mg, Ng, M, N, P] = [1, 1, 1, 1, 2] – 2 Rx

	Channel model
	CDL-A

	Delay Spread
	1000 ns

	Speed
	3km/h

	CSI-RS pattern
	According to TS 38.211

	Number of CSI-RS transmission occasion per drop
	1

	Data size
	20 k

	SNR
	-10,0,10 dB




	vivo
	Table 2 Evaluation parameters for frequency or/and spatial domain CSI prediction
	Channel model
	3D-Uma as in TR 38.901 

	Device deployment
	80% indoor (3km/h), 20% outdoor (30km/h)

	Center frequency
	4 GHz

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Bandwidth
	20MHz (48 RBs, 12 SBs)

	Antenna configuration at BS
	128 Port: 
(M,N,P,Mg,Ng; Mp,Np) = (16,16,2,1,1;4,16)
(dH, dV)=(0.5, 0.5)λ

	Antenna configuration at UE
	4 Port: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, 0.5)λ



[bookmark: _Ref220415339]Table 4 Evaluation parameters for cross beam CSI prediction
	Channel model
	3D-Uma as in TR 38.901 

	Device deployment
	80% indoor (3km/h), 20% outdoor (30km/h)

	Center frequency
	7 GHz

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Bandwidth
	20MHz (48 RBs, 12 SBs)

	Antenna configuration at BS
	128 Port: 
(M,N,P,Mg,Ng; Mp,Np) = (24,16,2,1,1;4,16)
(dH, dV)=(0.5, 0.5)λ

	Antenna configuration at UE
	4 Port: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ



Table 5 Evaluation parameters for cross on-off pattern CSI prediction
	Channel model
	3D-Uma as in TR 38.901 

	Device deployment
	80% indoor (3km/h), 20% outdoor (30km/h)

	Center frequency
	3.5GHz

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Bandwith
	10MHz (52 RBs, 13 SBs)

	Antenna configuration at BS
	32 Port: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ

	Antenna configuration at UE
	4 Port: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, 0.5)λ




	Beijing Jiaotong University (BJTU)
	Table 3: The FLOPs and parameter size of different methods
	Parameter
	Value

	Channel model
	UMa 38.901

	Carrier frequency
	2GHz

	Bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Data type
	Raw channel

	Time domain part
	200 consecutive slots

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	CSI-RS periodicity
	5ms

	UE distribution
	80% indoor (3 km/h), 20% outdoor (30km/h)

	Channel estimation
	Realistic CSI-RS channel estimation at UE




	Samsung
	Observation #33: The agreed BS antenna modeling supports large-scale arrays, specifically up to 128 ports at 4 GHz, 512 ports at 7 GHz, and 256 ports at 15 GHz. These large-port configurations result in significant CSI-RS overhead, making overhead reduction critical.

Proposal #31: For UE-side model-based spatial-domain CSI-RS prediction, consider N=256 ports and 7GHz carrier frequency as baseline for performance evaluation. 

Proposal #32: For performance evaluation spatial/frequency domain CSI-RS prediction using UE-sided model, consider 
· Model input: Measurement of channel with sparse/low overhead CSI-RS (SD<1 and/or FD<1)
· Model output: Full channel matrix for SD=1 and FD=1
· Label: Estimated/ideal channel matrix based on full CSI-RS density (SD=1 and FD=1)
· Model location: UE-side model
· Evaluation assumptions in Table 11
· Intermediate metric: RB-wise SGCS calculated between predicted channel and ground-truth channel. 
· System-level metric: UPT (mean, 5%tile.). 
· Other metrics: prediction complexity (AI/ML and non-AI/ML), impact on energy efficiency. 
· Baseline: Baseline#1: non-AI/ML prediction/interpolation, Baseline#2: full CSI-RS density (SD=1 and FD=1)
· For cross-frequency CSI prediction, consider triplites [Measured band size, Gap, Predicted band size]= [20, 0, 20] as baseline. 

Proposal #33: For UE-side model based spatial and/or frequency domain CSI-RS prediction, evaluate generalization/scalability performances of prediction models across the following scenarios/configurations:  
· Deployment scenarios, e.g., UMa, InH
· gNB antenna configuration, e.g., antenna spacing, TxRU mapping 
· Spatial and frequency domain densities and spatial/frequency domain sampling patterns.
· For cross-frequency CSI prediction, various configuration of triplets: [Measured band size, Gap, Predicted band size].


	Apple
	Table 2-2-I: SLS assumption for cross-frequency AI based CSI prediction
	Parameter
	Description 

	Scenario
	Dense Urban (Macro only)  

	Frequency Range
	FR1: 3.5GHz  

	Deployment
	FR1: 7 site, 21 cells, 24 UEs per cell, 10 time-domain samples per UE. Total of 100 drops. 
80% UE indoor, 20% UE outdoor. 
Spatial consistency: OFF  

	Channel model        
	According to TR 38.901

	Antenna setup and port layouts at gNB
	FR1: 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ


	Antenna setup and port layouts at UE
	FR1: 4Rx: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ  


	BW
	100MHz frequency, with 30KHz SCS. 

	Subband number and size
	16 PRB. Total of 17 subbands within 100MHz channel

	Benchmark
	Upper bound is full CSI-RS ports. 

	Performance metric
	Subband eigen-vector SGCS between the predicted channel and ground truth measured channel  



Table 2.2.-II: SLS assumption for CSI prediction for type 2 spatial domain NW energy saving
	Parameter
	Description 

	Scenario
	Dense Urban (Macro only)  

	Frequency Range
	FR1: 3.5GHz  

	Deployment
	FR1: 7 site, 21 cells, 24 UEs per cell, 10 time-domain samples per UE. Total of 100 drops. 
80% UE indoor, 20% UE outdoor. 
Spatial consistency: OFF  

	Channel model        
	According to TR 38.901

	Antenna setup and port layouts at gNB
	Measurement channel: FR1: 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ for model input
Prediction channel: FR1: 32 ports: (4,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ for model output


	Antenna setup and port layouts at UE
	FR1: 4Rx: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ  


	BW
	100MHz frequency, with 30KHz SCS. 

	Subband number and size
	16 PRB. Total of 17 subbands within 100MHz channel

	Benchmark
	Upper bound is full CSI-RS ports. 

	Performance metric
	Subband eigen-vector SGCS between the predicted channel and ground truth measured channel  



Table 2.2-II: SLS assumption for cross-frequency AI based CSI prediction
	Parameter
	Description 

	Scenario
	Dense Urban (Macro only)  

	Frequency Range
	FR1: 3.5GHz  

	Deployment
	FR1: 7 site, 21 cells, 
Co-located PCell and SCell
80% UE indoor, 20% UE outdoor. 

	Channel model        
	According to TR 38.901

	Antenna setup and port layouts at gNB
	FR1: 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ


	Antenna setup and port layouts at UE
	FR1: 4Rx: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ  


	BW
	Total 100MHz frequency, with 30KHz SCS
Testing different segment of frequency to predict the other segments, with configured gap between the two segment. 

	Benchmark
	Sample and hold using the measured RB channel closest to the predicted RBs.

	Performance metric
	Eigen-vector SGCS between the predicted channel and ground truth measured channel per RB




	Lenovo
	[bookmark: _Ref218763816]Table 4: Simulation assumptions for data collection and AI/ML model training for lower overhead CSI-RS 
	Parameter
	Value

	Channel modelling
	UMa

	Bandwidth
	52 RBs

	Antenna configuration
	32 Tx port: (M, N, P, Mp, Np) = (8, 8, 2, 2, 8)
128 Tx port: (M, N, P, Mp, Np) = (16, 16, 2, 4, 16)
4 Rx port: (M, N, P, Mp, Np) = (2, 1, 2, 2, 1)

	Training samples
	57k

	Testing samples
	14.4k

	Performance metric
	SGCS 





	Fujitsu
	[bookmark: _Ref210134335]Table 1 Simulation assumption for AI/ML based CSI-RS overhead reduction
	Parameter
	Value

	Carrier frequency
	7 GHz

	SCS
	15KHz

	Channel model
	Urban Macro

	UE speed
	3km/h

	Bandwidth
	10MHz

	gNB antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (32,16,2,1,1,8,16)
(dH, dV) = (0.5, 0.5) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1)




	LG Electronics
	7.1	CSI-RS overhead reduction
Table A-2. Evaluation assumptions
	Parameter
	Value

	Waveform
	OFDM

	Scenario
	Urban macro

	Carrier frequency
	2 GHz

	Inter-BS distance
	500 m

	Number of samples
	80K samples for training and 20K samples for testing

	UE mobility
	3 km/h, 30 km/h

	Channel model        
	According to TR 38.901

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ


	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) λ 

	BS Tx power
	41 dBm for 10MHz

	BS antenna height
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS
	15 KHz

	Simulation bandwidth
	10 MHz

	UE distribution
	100% outdoor

	Channel estimation         
	Realistic Channel estimation



7.2	Cross-frequency CSI prediction
Table A-3. Evaluation assumptions
	Parameter
	Value

	Waveform
	OFDM

	Scenario
	Urban macro

	Carrier frequency
	3, 4, 7GHz

	Inter-BS distance
	500 m

	Number of samples
	80K samples for training and 20K samples for testing

	UE mobility
	3 km/h, 30 km/h

	Channel model        
	According to TR 38.901

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH, dV) = (0.5, 0.5) λ 

	BS Tx power
	41 dBm for 10MHz

	BS antenna height
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS
	15 KHz

	Simulation bandwidth
	10 MHz

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)

	Channel estimation         
	Realistic Channel estimation




	Ericsson
	
[bookmark: _Ref220660049][bookmark: _Ref220696015]Table 3 AI/ML-based spatial/frequency domain CSI-RS overhead reduction.
	Model input
	Partial channel in antenna / frequency domain with muted ports set to 0

	Model output
	Full channel matrix in antenna / frequency domain

	Label
	Ideal channel matrix based on CSI-RS transmitted with the full set of CSI-RS ports.

	Model location for inference
	UE-sided model

	Collaboration/interaction between UE and NW
	As UE-sided model in NR

	Training types
	Offline training

	Benchmark
	Benchmark #1: No CSI-RS reduction
Benchmark #2: CSI-RS reduction without any process (“Zero”)
Benchmark #3: CSI-RS reduction with linear CSI-RS port interpolation (“linear interpolation”)
Benchmark #4: CSI-RS reduction with combining partial CSI-RS port transmission with less frequent full CSI-RS port transmission (“Combined”)

	KPI
	Throughput [mandatory] and SGCS of the eigenvector



[bookmark: _Ref220660109]Table 4 Common evaluation assumptions used for training and evaluation of AI/ML model and non-AI benchmarks for CSI-RS overhead reduction

	Parameters
	Value

	Carrier frequency 
	7GHz 

	Duplex 
	FDD

	Allocation Bandwidth 
	20 MHz 

	Subcarrier spacing 
	30 kHz

	BS antenna configuration 
	256 ports: (M, N, P, Mg, Ng, Mp, Np) = (32,16,2,1,1,8,16), (dH,dV) = (0.5, 0.5)λ

	UE antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,1)

	MIMO rank
	1 or 2 depending on rank adaptation

	UE number for MU-MIMO
	1

	Muting pattern 
	CSI-RS transmission in half of the ports (Figure 6 and Figure 8)

	Feedback type
	Eigenvectors

	CSI-RS periodicity
	5 ms

	Channel estimation
	Ideal channel estimation for CSI-RS
Practical channel estimation for DMRS

	BS Tx power constraint
	Per TRP power constraint

	EVM
	No radio impairments

	UE speed
	3 km/h

	Channel model
	Urban Macro




	NTT DOCOMO, INC.
	Table A-3: Simulation assumptions for CSI prediction
	Parameter
	Value

	Carrier frequency
	4 GHz (TDD)

	SCS
	30 kHz

	Deployment
	2-tier with wrap around (7 sites, 3 sectors per site)

	ISD
	500 m

	Channel model
	UMa with distance-dependent LoS probability function defined in Table 7.4.2-1 in TR 38.901.

	System bandwidth
	20 MHz

	Sample period
	40 ms

	UE speed
	90 kmph

	UE distribution/dropping
	100% outdoor

	BS antenna configuration
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	
	Number of BS beams: 4

	BS antenna radiation pattern
	3-sector antenna radiation pattern, 8 dBi

	UE antenna configuration
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)

	
	

	UE antenna radiation pattern
	Omni-direction

	BS Tx power
	44 dBm for 20 MHz bandwidth

	Maximum UE Tx power
	23 dBm

	BS receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB

	BS antenna height
	25 m

	UE antenna height
	1.5 m

	Spatial consistency
	Procedure A in TR38.901






Annex.2 CSI framework
1. 
Unified CSI signaling framework
Summary of companies’ observation/proposals from Tdoc: 
	Company
	Key proposal/observation

	Nokia

	[bookmark: _Ref220665755]6GR discussions on CSI acquisition framework to consider at least the following guiding design principles:
· Minimize overhead and save energy while at least maintaining, and preferably increasing, the system performance relative to 5G NR.
· Tackle CSI aging
· Support UEs with different capabilities
· Enable flexible CSI reporting
· Enable early triggering/activation

	Spreadtrum 
	Proposal 1: Strive to design a unified CSI acquisition framework supporting multiple scenarios.
Study whether/how early CSI for candidate cell(s) can be included in unified CSI acquisition framework

	Huawei

	[bookmark: _Ref220661455][bookmark: _Hlk220661349]Proposal 1: 6GR shall study and address the following challenges for DL CSI acquisition:
· Reliance on instantaneous measurement and report
· Degradation of channel measurement accuracy due to large path loss around 7GHz. 
· Managing the increase​ in RS overhead, CSI feedback overhead, and UE complexity. 
· CSI resource sharing among UEs with different measurement capabilities. 

	LG

	Proposal #1: Study unified and simplified CSI measurement and report framework with less RRC configuration overhead compared to NR

	Samsung

	Proposal #6: the following use cases should be supported as 6GR day-one feature: 
· Unified fixed codebook (UFC)
· AI-based CSI compression, i.e., JSCM,
· CJT-calibration (CJT-C) DO/FO/PO, and
· DMRS-based CSI reporting

	vivo

	For 6G CSI framework, at least the following aspects should be studied:
A unified CSI signaling framework for the serving cell CSI, LTM CSI, and early CSI for SCell activation. E.g., based on the LTM CSI measurement and reporting configuration framework.
A unified framework for both AI and non-AI.
Unified CSI processing design for both AI and non-AI.
Accommodation of useful scenarios.

	Xiaomi

	Proposal 18: In 6GR, taking the following aspects of CSI feedback in NR as a starting point for further study:
· Flexible framework to support different beamforming methods (e.g., digital beamforming, analog beamforming and hybrid beamforming) for various deployment scenarios
· mTRP to enable dynamic TRP clustering/switching
· CSI feedback with/without channel reciprocity for TDD and FDD systems, respectively
· Wideband CSI and subband CSI for different service requirements

	Apple

	Proposal 3-1-1:  include at least computational complexity, SU-MIMO, MU-MIMO performance, different ISD requirements, with UE indoor/outdoor distributions/UE speed distributions/realistic traffic models, system overhead including measurement resources’ periodicity or availability for CSI acquisition design.

	Fujitsu

	Proposal 1 As for the frequency domain behaviour of CSI, both wideband CSI report and subband CSI report can be supported.
Proposal 2 As for the CSI report quantity, at least RI, PMI and CQI should be supported.

	Honor

	[bookmark: _Hlk220664476]Proposals 1: 6GR DL-based CSI acquisition should consider the following 4 aspects:
· Larger number of ports
· Wider bandwidth
· New frequency bands channel characteristics
· Low overhead design

	Ericsson

	
[bookmark: _Toc220691590]CSI framework in NR involving 3-level structure for configuring channel measurement and interference measurement resources is unnecessarily complicated and results in high signaling overhead.
[bookmark: _Toc220691636]Study approaches to simplify the NR CSI resource configuration framework including how to simplify the current 3-level structure for configuring measurement resources.
[bookmark: _Toc220691637]Study approaches to jointly configure resource sets for channel measurement resources and interference measurement resources to simplify the NR CSI resource configuration framework.
[bookmark: _Toc220691638]Study how to dynamically update CSI related parameters to support dynamic adaptations in response to short/mid-term channel variations of channel.

	DoCoMo

	Proposal 5-1
Study to enhance CSI configuration/reporting framework to support various use cases while minimizing signaling and feedback overhead
Study dynamic update of some parameters for a CSI-ReportConfig (e.g., via MAC CE) to support dynamic switching between some use case, e.g., dynamic update of parameter L, number of CSI-RS ports, number of reported CSIs, the measured CSI-RS resources/resource sets, etc.


	AT&T

	Proposal 4	Strive to unify the CSI framework for both AI-based and non-AI-based CSI measurement/reporting.



CSI reporting framework design 
Summary of Companies’ observation/proposals from Tdoc: 
	Company
	Key proposals/observations

	Nokia
	•	Semi-persistent CSI reporting allows CSI reporting in a periodic manner, but offers more flexibility compared to periodic CSI reporting in terms of (de)activation and configuration update. It’s thus questionable if periodic CSI reporting is necessary on top of semi-persistent CSI reporting.
•	Proposal 32.	Study whether periodic CSI reporting is needed in 6GR.
•	In 5GR NR, the synchronous nature of A-CSI reporting and the out-of-order restrictions can lead to increased delays for PUSCH scheduling and for HARQ-ACK feedback reporting, and thus unnecessary limitations on PUSCH and PDSCH scheduling
•	Study how CSI triggering and reporting framework can be evolved to avoid unnecessary limitations on PUSCH and PDSCH scheduling.
•	Moving CSI to PUSCH-only can result in simplifying UCI handling (multiplexing/prioritization) rules and procedures as well as PUCCH resource determination, which are rather complex with a larger number of overlapping cases considered in 5G NR.
•	CSI reporting via MAC CE (or more generally L2 signaling) offers certain advantages, such as in terms of flexibility, scalability, and timeline. On the other side, MAC CE based reporting may suffer from latency due to HARQ re-Tx delay and may result in inefficiencies when jointly coded with data
•	Study the possibility/feasibility to limit CSI reporting to PUSCH-only in 6GR, where CSI reporting via L2 and via L1 signaling are considered.

	Futurewei
	In 6GR, CSI framework simplification such as streamlining the CSI report/resource configurations/settings may be considered. 
streamlining the CSI report/resource configurations/settings may be considered.

	Spreadtrum
	Proposal 1: Strive to design a unified CSI acquisition framework supporting multiple scenarios.
· Study whether/how early CSI for candidate cell(s) can be included in unified CSI acquisition framework
Proposal 2: For CSI acquisition framework, support to associate a CSI report configuration with a channel measurement configuration and/or an interference measurement configuration.
Proposal 8: For the time domain behavior of CSI reporting, consider at least periodic and aperiodic.
Study whether semi-persistent CSI reporting is needed.
Proposal 9: Consider PUSCH-only based CSI reporting for all supported time domain behaviors in 6GR.

	Interdigital
	Support a CSI reporting framework where the triggering of the CSI report is decoupled from the timing indication of the CSI reporting resource.


Support at least P-CSI, SP-CSI, A-CSI for 6GR.

	Huawei
	[bookmark: _Ref220661716]Proposal 21: 6G should at least support periodic CSI on PUCCH and aperiodic CSI on PUSCH.

	OPPO
	Consider to simplify the CSI report procedure and study the following alternative methods for CSI report:
· To carry CSI report only in PUSCH
· To carry aperiodic CSI report on PUSCH and periodic CSI report with low payload on PUCCH.

	ZTE
	Proposal 1: For 6G-R CSI acquisition framework, study at least the following aspects:
‐	Decoupled measurement & report configurations;
‐	Decoupled triggering of measurement & reporting;
‐	Dynamic update of key parameters for CSI report configurations.

	CATT
	Lean design on codebook, CSI bearing channel and time behavior for CSI report
"CATT argues for a 'lean' time domain framework, strongly supporting AP-CSI for its energy efficiency, while questioning the necessity of SP-CSI due to lack of commercial adoption and criticizing the high overhead of 'always-on' P-CSI.

	MTK
	Proposal 2.3.2: 6GR study re-assesses the need of semi-persistent CSI generation with periodic/semi-persistent RS measurement and aperiodic CSI generation with periodic CSI measurement. 
Proposal 2.3.3: Support periodic CSI generation with periodic RS measurement, aperiodic CSI generation with aperiodic RS measurement, event-triggered CSI generation with periodic/aperiodic RS measurement. 

[image: ]
Figure-2.3.2 Illustration of the coupling between UL arbitration and data processing timeline.
Observation 2.3.3: NR UCI reporting framework is unduly complex causing high UE complexity and processing peaks in the data processing path, which impacts UE power efficiency and complexity.
Proposal 2.3.4: Study a simplified and efficient UCI reporting framework with the following design principles:
· Minimize arbitration among uplink channels.
· Maximize parallelism among uplink carriers.
· No PHY resource changes after scheduling an UL channel.
· Focus on practical deployments and avoid optimizing for hypothetical and corner cases.

	Vivo
	[image: ]
Schematic of procedure of CSI triggering and CSI reporting
CSI measurement trigger and CSI reporting trigger can be decoupled in 6GR.

	CMCC
	Proposal 11: In 6GR, CSI report and CSI-RS configuration could be decoupled in CSI report framework.
Proposal 12: In 6GR, aperiodic CSI report and aperiodic CSI-RS triggering could be decoupled in CSI report framework.
Proposal 13: In 6GR, both aperiodic CSI report on PUSCH and periodic CSI report on PUCCH could be studied.

	NEC
	· UCI at least for CSI report should be L1 signaling in 6G, and study to reduce the time domain behaviors for CSI report. 
· Study to support separate triggering of CSI measurement and CSI report transmission, and a unified framework for NW triggered and UE initiated CSI report.

	China Telecom
	Proposal 3: Study how to decouple the measurement of CSI-RS and CSI report.
Proposal 4: Study a unified and scalable codebook accounts for different numbers of data streams, antenna ports as well as combination with different features.

	Samsung
	Proposal #2: consolidate port in FR1 and beam in FR2 into a single and unified entity of ‘port’, where the ‘port’ can be regarded as the only, smallest, and band-agnostic spatial entity unit for any FR in the 6GR CSI framework.
Proposal #3: Only support aperiodic CSI triggered either by NW (via DCI) or UE (via UCI)
· Semi-persistent can be treated as aperiodic with multiple shots

Proposal #4: Design 6GR CSI reporting setting to facilitate NES (antenna port subset on/off) using one setting per NES hypothesis 
· If dynamic port subset adaptation is supported, study how to facilitate this via aperiodic CSI triggering hypotheses
Observation #19: using higher layer signaling e.g. L2 MAC CE to convey UCI including CSI is evidently backwards and against the trend of moving from higher layer operations down to L1/PHY to achieve KPIs including throughput/coverage, reliability, latency, resource utilization for a variety of network architectures.

Observation #20: the complexities arising from using L1 to carry the UCI including CSI can be effectively addressed with simple streamlining of the 5G NR UCI framework.

Observation #21: using L2 MAC CE to send uplink control would result in significant more overhead in contrast to using L1 UCI. Source of the overhead comes at least from L2 (sub)header(s), CRC, padding bits for alignment and etc. which is not applicable to L1 UCI.

Observation #22: using L2 MAC CE to send uplink control suffers from much higher latencies in contrast to using L1 UCI accounting for MAC layer processing latency and re-transmission latency due to 10% target BLER for data. Many open issues specific to the L2 approach make it not appealing to be even considered in 6GR.

Observation #23: in terms of average UPT, SLS results show that using L2 MAC CE for CSI reporting would result in significant performance degradation (~10% loss) relative to using L1 UCI for CSI reporting with a variety of codebook assumptions.

	Apple
	Proposal 3-1-7: Study how to manage UE computational complexity when the the number of CSI-RS ports for a single CSI report is large, e.g.,  larger CQI subband size,  relaxed CSI processing time, CJT or multiple-panel codebook for Type-I/eType II-like design.
Proposal 3-1-19: Study the support of CSI feedback over PUCCH and PUSCH
Proposal 3-1-20: CSI feedback as UCI (L1 signaling) is the starting point for 6G study
Proposal 3-1-19: Study the support of CSI feedback over PUCCH and PUSCH
Proposal 3-1-20: CSI feedback as UCI (L1 signaling) is the starting point for 6G study
Proposal 3-1-20: For the use case of handling insufficient resource for UCI feedback, study simplification of CSI omission for 6G design, seeking synergy with service oriented design.


	Lenovo
	Proposal 10: In 6GR, RAN1 to study simplified and a unified CSI reporting framework, aiming to support essential features that have better tradeoff between CSI accuracy and reporting overhead. 
Proposal 11: RAN1 to consider limiting CSI reporting container to only over PUSCH with simplified triggering/activation mechanism.


	Fujistu
	Proposal 3 The container of CSI can be determined firstly. As for the container of CSI, it is at least supported that CSI is conveyed on PUSCH.
· FFS whether CSI can be conveyed on PUCCH.
· FFS whether CSI is treated as UCI or MAC information when conveyed on PUSCH.
Proposal 6	As for the time domain behaviour of CSI, at least aperiodic CSI report should be supported.
	FFS whether periodic CSI report and semi-persistent CSI report can be supported.

	LG
	[bookmark: _Hlk220698440]Proposal #1: Study unified and simplified CSI measurement and report framework with less RRC configuration overhead compared to NR.
[bookmark: _Hlk220698450]Proposal #4: For 6GR, support L1 mechanism (i.e. UCI transmission on PUCCH/PUSCH) for CSI report. 

	Intel
	Proposal (CSI reporting): Study expansion of MAC-CE based CSI reporting for cases that are not latency critical. Study expansion of event-driven framework to save CSI reporting overhead.

	Honor
	Proposal 12: Study whether CSI reports are transmitted solely on PUSCH.
Proposal 13: Study which type of/how PUSCH channel carry the CSI report(s).

	ETRI
	Proposal 20: Support periodic, semi-persistent, and aperiodic CSI reporting for DL-based CSI acquisition in 6GR.
Proposal 27: Study UCI transmission via L2 message for DL-based CSI acquisition in 6GR.

	Ericsson
	· [bookmark: _Toc220691591]NR CSI triggering mechanism based on UL DCI can introduce notable UL latency degradation due to PUSCH scheduling restriction when UL DCI schedules PUSCH data along with a CSI trigger.
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[bookmark: _Ref212806399]Figure 19: Illustration of scheduling restrictions due to NR CSI triggering mechanism
Proposal 5 [bookmark: _Toc220691639]Study CSI triggering approaches (e.g., decoupled triggering) to alleviate PUSCH scheduling restriction associated with legacy NR CSI triggering mechanism.
[image: ]
[bookmark: _Ref220359668]Figure 21 Illustration of decoupled triggering of CSI measurement/computation and PUSCH carrying CSI report

Proposal 6 [bookmark: _Toc220691640]Study solutions for efficient HARQ and CSI transmission using PUSCH for 6G (e.g., sending HARQ/ CSI using L2 MAC Sub-PDUs) with the aim to avoid/minimize scheduling restrictions, complex timelines and multiplexing rules.

	Panasonic
	Proposal 7	Study which channel is used for CSI reporting.

	Sony
	The 6GR supports devices with a relaxed processing timeline between aperiodic CSI-RS and UL reporting.

	DOCOMO
	Proposal 5-4
· RAN1 to discuss out-of-order (OoO) scheduling restrictions for A-CSI reporting case
Proposal 5-5
· RAN1 to study solutions to allow 1) A-CSI acquisition trigger, followed by 2) a given UL grant + the PUSCH corresponding to the UL grant, followed by 3) PUSCH for the corresponding A-CSI report
· Direction 1: Mitigation of the OoO restriction compared to in 5G NR
· [bookmark: _Hlk220543428]Direction 2: Decoupling between A-CSI measurement trigger and PUSCH scheduling for the corresponding A-CSI report
[image: ]
Figure 5-3: Decoupling between A-CSI meas. trigger and PUSCH scheduling for the corresponding A-CSI report
Proposal 5-6
· RAN1 to discuss which channel/layer is used for CSI transmission under which conditions.
Proposal 5-7
· Support the following channel/layer for CSI report.
· L1-PUSCH for all periodic/semi-persistent/aperiodic CSI reports

	Qualcomm
	[image: ]
[bookmark: _Ref219292845]Figure 5‑1: Mismatch between the nominal model and the actual UE implementation
Observation 24: The NR dynamic nominal CSI computation model based on CPU and ARC complicates both network and UE implementation and may force UE to underreport its actual processing capabilities for better implementation efficiency.
[bookmark: _Toc206155871][bookmark: _Toc210393401]Proposal 24:  6GR should simplify the CSI processing rules and leave enough room for UE implementation and differentiation.
[bookmark: _Toc206155835]Observation 25: Joint triggering for CSI measurement and reporting can cause UL scheduling latency when CSI is multiplexed on PUSCH because of the in-order-scheduling requirement.
[bookmark: _Toc206155872][bookmark: _Toc210393402]Proposal 25: Study 6GR CSI processing rules and strive to avoid defining CSI processing rules relying on dynamic signaling, esp.  dynamically change the state of occupied/released of virtual entities, forcing UE overreports or underreports its actual processing capabilities for better implementation efficiency, imposing too many restrictions on UE implementation, and complicating the UL scheduling and UCI multiplexing.
Proposal 29: 6GR should consider the UCI on PUCCH/PUSCH as the starting point for CSI transmission.
Observation 26: CSI reporting via MAC-CE will increase the latency and variability in reporting timelines compared to the existing UCI on PUCCH/PUSCH.
Proposal 30: Study simplified CSI reporting for 6G, e.g., only PUSCH based CSI reporting (at least for large payload size > 50 bits for example).  




Early/Fast CSI acquisition
Summary of Companies’ observation/proposals from Tdoc: 
	Company
	Key proposal/observation

	ZTE
	Proposal 9: For 6G-R, study early CSI acquisition for initial access in mTRP (cell-cluster) CJT scenario,
· FFS: SRS/DMRS-based early CSI acquisition.
Proposal 10: For 6G-R, study at least early CSI acquisition in inter-cell-cluster handover scenario,
· An early CSI report can be transmitted before or after the reception of a handover command;
· FFS: early CSI acquisition for intra-cell-cluster inter-TRP switching scenario.

	Nokia
	In 5G NR, early CSI acquisition is specified for multiple transition scenarios, including cell change, UE transition from IDLE/INACTIVE to CONNECTED mode, Scell deactivation to activation, and  Scell dormancy state to active state, to reduce throughput degradation caused by fallback transmission and reception schemes.
Proposal 17.	Study early CSI acquisition mechanisms in 6G to minimize throughput reduction during various UE transition scenarios.

	IDC
	Support early CSI acquisition for IDLE-to-CONNECTED transition and for LTM (candidate/target cell CSI acquisition).

	OPPO
	· Study early CSI report during RRC connection establishment for 6GR.
· Study the fast CSI report and SRS triggering during cell switch for 6GR.

	TCL
	For 6GR, early trigger CSI measurement and reporting should be considered for inter-cell mobility management, and further study can be expended to M-TRP CJT scenarios.
For 6GR, early trigger CSI measurement and reporting should be considered for terminal state switching, further study can combine with energy saving state switching.
For 6GR, early trigger CSI measurement and reporting should be considered for carrier state switching.

	CMCC
	Proposal 3: In addition to legacy RRC-based configuration, 6GR may introduce SIB-based configuration for early CSI-RS (i.e., decoupling part of the CSI-RS configuration from dedicated RRC signaling and embedding it in system information), allowing UEs to measure, and possibly report CSI during or immediately after initial access.
Proposal 7: Study the m-TRP early CSI triggering during initial access.

	vivo
	A unified CSI signaling framework for the serving cell CSI, LTM CSI, and early CSI for SCell activation.
For 6G early CSI design, prioritize early CSI acquisition for seamless mobility (e.g., LTM) and SCell activation scenarios.

	Ofinno
	Proposal 5. For 6GR DL CSI acquisition, enhancement from following 5G NR design is accounted
•	Measurement overhead reduction
•	Report overhead reduction
•	Unified design
•	Early CSI report via Msg 3 PUSCH

	xiaomi
	Proposal 20: Support early CSI/CSI-RS/SRS triggering in 6GR and consider the procedure specified in 5G NR as a starting point. 
Proposal 21: Study the early CSI/CSI-RS/SRS triggering for M-TRP in 6GR.
Proposal 22: Support early CSI acquisition for target cell in 6GR and consider the solution specified in 5G NR as a starting point. 
Proposal 23: Study the early M-TRP CSI acquisition for target cell in 6GR.

	NEC
	Proposal 13:	Support early downlink CSI acquisition and early multi-TRP operation for UE transition into connected mode or cell activation in 6G Day1, taking the outcome of NR Rel-20 discussion as starting point.

	APPLE
	Proposal 3-1-17: 
· Study early CSI acquisition for
· IDLE/INACTIVE to CONNECTED mode 
· SCell transitioning from deactivation to activation 
· Handover
 study AI and non-AI based report quantity and measurement resources for early CSI.


	Fujitsu
	Proposal 4 The following aspects of downlink-based CSI acquisition can be discussed later, e.g., when there is a sufficient progress of other preceding topics.
· CSI timeline such as CPU and ARC
· Early CSI acquisition
· UE initiated CSI report

	LGE
	[bookmark: _Hlk220698471]Proposal #10: Study mechanisms to support early CSI acquisition for state transition scenarios (e.g., SCell activation) for 6GR.

	ETRI
	Proposal 11: Support early CSI acquisition and triggering mechanisms in 6GR, for LTM, IDLE/INACTIVE to CONNECTED transition, SCell deactivation to activation transition, and SCell dormancy to non-dormancy transition.

	Ericsson
	[bookmark: _Toc220691635]Study mechanisms to support early CSI acquisition in 6GR to enable network to perform link adaptation with closed loop precoding and high MCS, as well as fine time/frequency tracking as soon as possible.

	Panasonic
	Study unified and simplified CSI framework among different RRC state, including consistent principles for CSI-RS/CSI triggering and reporting resource scheduling across UE states.  

	Sony
	For DL CSI acquisition, RAN1 shall support early SRS/CSI/CSI-RS triggering for a UE transitioning from IDLE/INACTIVE to CONNECTED mode and for SCell activation and switching out of SCell dormancy in CONNECTED mode.
RAN1 shall study how to support early CSI acquisition in the same cell group (PCell and SCells) during Handover.

	DOCOMO
	Proposal 5-2
· Support early CSI acquisition for LTM.
· Support early CSI acquisition for SCell transitioning from deactivation to activation.
Proposal 5-3
· Support the early CSI acquisition with AI/ML CSI prediction.
· Study the potential specification impacts based on the study of low-overhead CSI-RS and CSI prediction with AI/ML.

	AT&T
	The study of early CSI/CSI-RS triggering for 6GR is deferred, until some clarity is obtained from the corresponding normative work in NR Rel-20.

	Qualcomm
	Proposal 26: Study aperiodic early CSI scheduled by Msg2 and reported in Msg3.
Proposal 27: Study early CSI based on periodic measurement resource.



UE-Initiated / Event-Triggered CSI
 
	Company
	Key proposal/observation

	Nokia
	n 6GR, study CSI reporting adaptation based on channel correlation metrics, calculated by the UE, in time, spatial, frequency domains, by comparing the following approaches: 1) UE-centric or event-triggered CSI reporting adaptation. 2) UE reporting of channel properties, followed by gNB triggering of CSI reporting based on the UE assistance information.
Proposal 34.	Study adopting UE-initiated/event-based CSI reporting as a new CSI reporting type in 6GR, and discuss its scope in terms of applicable scenarios and associated events/conditions.
If UE-initiated/event-based CSI reporting framework is supported in 6GR, strive for a unified signaling framework regardless of the reported quantity.
Field data (TDD FR1, 100MHz) shows ~41% of periodic CSI reports are redundant (unchanged content) even with 160ms periodicity. UE-initiated reporting could skip these, saving energy/overhead.

	Spreadtrum
	Study both NW controlled beam/CSI reporting and UE-initiated CSI reporting.

	InterDigital
	Observation 13: The overhead and computational complexity of CSI is proportional to the channel variability.  
Proposal 13: Study UE-initiated CSI reporting and determination of reporting quantities.

	OPPO
	Consider UE initiated CSI reporting in 6G to avoid unnecessary CSI report. 

	TCL
	For CSI reporting procedures, UE initialed or event trigger CSI reporting should be considered in 6GR, while the unified structure should keep in with UE initialed beam management.

	CATT
	[bookmark: _Ref220676250]Proposal 6: Support both base station scheduled and event triggered CSI measurement and reporting in 6GR downlink-based CSI acquisition.
· Study triggering/activation mechanism and signalling for base station scheduled CSI measurement and reporting
· Study mechanism, signalling and configuration method for event triggered CSI measurement and reporting

	CMCC
	Proposal 14: In 6GR, a framework for UE initiated report can be studied, at least considering L1-RSRP, rank information, some part of PMI, long-term CSI etc.

	xiaomi
	Proposal 24: Consider UE-initiated CSI reporting in 6GR, e.g., take UE-initiated beam report as a starting point.

	IMU
	Proposal 3: 	Consider a study on robust L1 measurement event evaluation. Solutions may include a counter-based reset mechanism.

	NEC
	Proposal 12:	Study to support UE initiated CSI report in 6G Day1.

	Samsung
	Proposal #3: Only support aperiodic CSI triggered either by NW (via DCI) or UE (via UCI)
· Semi-persistent can be treated as aperiodic with multiple shots

	Fujitsu
	The following aspects of downlink-based CSI acquisition can be discussed later, e.g., when there is a sufficient progress of other preceding topics.
CSI timeline such as CPU and ARC
Early CSI acquisition
UE initiated CSI report

	LG
	[bookmark: _Hlk220698454]Proposal #5: For 6GR, support UE initiated CSI report from 6G Day-1.

	Intel
	Proposal (CSI reporting): Study expansion of MAC-CE based CSI reporting for cases that are not latency critical. Study expansion of event-driven framework to save CSI reporting overhead.

	ETRI
	Proposal 21: Study event-driven DL-based CSI acquisition in 6GR.

	AT&T
	Study the pros and cons of a generalized event-triggered/UE-initiated CSI reporting, with respect to system performance, resource efficiency, and UE complexity.



CSI Framework design for spatial domain adaption (NES)
Summary of Companies’ observation/proposals from Tdoc: 
	Company
	Observations/Proposals

	Nokia
	Support CSI framework for energy/power savings in 6GR by leveraging the 5G NR framework as a starting point.

	vivo
		[image: ]
	[image: ]


The performance of cross port on-off pattern CSI prediction
With NW-sided CSI prediction, the feedback overhead can be reduced by ~50% compared with the baseline. Moreover, the complexity of UE can also be alleviated.
Study AI-based NW-sided CSI prediction across port on-off patterns, e.g., CSI prediction based on precoder matrix.

	Samsung

	Proposal #4: Design 6GR CSI reporting setting to facilitate NES (antenna port subset on/off) using one setting per NES hypothesis 
· If dynamic port subset adaptation is supported, study how to facilitate this via aperiodic CSI triggering hypotheses

	Lenovo

	Proposal 2: 6GR MIMO shall fundamentally integrate energy-saving techniques into MIMO operations from Day 1.
Proposal 17: Study network-side energy saving with multiple CSI reports, while minimizing the induced UE-side complexity and feedback overhead.

	Fujitsu

	Proposal 5 The CSI measurement and report should be studied for NES SD type 1 and NES SD type 2. And the CSI feedback for NES should be enhanced based on the unified codebook in 6GR.

	LG

	Proposal #11: Study spatial element (e.g., antenna element, antenna port) and transmit power adaptation for NW, by taking CSI enhancement of Rel-18 NES as a starting point.

	Sony

	Support time-domain adaptation of CSI-RS and on-demand CSI-RS provisioning mechanisms.

	DOCOMO

	Proposal 4-2
· Study how spatial correlations can be utilized from codebook structure perspective aiming spatial/power domain adaptation for NES.
· Study codebook enhancement enabling scalable CSI reporting for overhead reduction, where the CSI/PMI report includes reusable components (e.g., sub-PMIs) across multiple sub-configurations.

	ATT

	Proposal 7 For 6GR interface, study the feasibility of deriving a DFT-based precoding framework in which a precoder associated with a set of ports can be straightforwardly used to derive an orthonormal sub-precoder associated with a subset of the set of ports. 

	KDDI

	Proposal 1: Study enhanced spatial domain muting techniques for 6G, including:
· Introduction of flexible muting patterns enabling ON/OFF control at the granularity of TRx or sub-panels, and the flexible CSI-RS configuration to achieve it.
· Energy-efficiency based dynamic TRP on/off adaptation for Multi-TRP scenarios.




CPU/APU/Processing timeline
	Company
	observations

	Nokia
	· Observation 23.	The legacy CSI processing framework (i) is somewhat static based on complicated set of rules hardcoded in the specifications and (ii) does not guarantee absence of ambiguity between the UE and network regarding CSI processing counting and occupancy. Besides, what is mainly important for the network to know is when the UE is close to reaching its CSI processing capability limits.
· Proposal 36.	Study how/whether to evolve and simplify the CSI processing framework in 6GR.
· Proposal 37.	Study the CSI processing framework under different reporting configurations, considering aspects such as reporting time type, the layer at which event evaluation (for event-based CSI) is performed, and the reporting container.

	InterDigital
	Observation 14: Scheduling decisions at gNB and the UE’s ability to efficiently utilize its CSI computational resources are both impacted by the CSI CPU framework.
Proposal 14: Study a CPU framework for 6GR that helps the gNB to perform more efficient scheduling decisions and the UE to effectively utilize its CSI computational resources.
Observation 15: A CPU framework that dynamically adopts according to the time-domain requirements of the CSI request can help the gNB perform more flexible scheduling in time.
Proposal 15: Study a CSI CPU framework where the number of CPUs for processing a CSI request is determined according to the CSI processing window associated with the request.

	vivo
	Unified CSI processing design for both AI and non-AI.

	APPLE
	Proposal 3-1-15: Study the omission of CSI measurement and/or omission of CSI reporting, and UE selection of CSI report(s) for the CSI acquisition aspects in service-oriented radio design in 6G.
•	The mechanism can be also used for CSI update/omission with respect to CPU occupancy rule

	Fujitsu
	Proposal 6 The following aspects of downlink-based CSI acquisition can be discussed later, e.g., when there is a sufficient progress of other preceding topics.
· CSI timeline such as CPU and ARC
· Early CSI acquisition
· UE initiated CSI report

	LG
	[bookmark: _Hlk220698488]Proposal #15: For 6GR, consider NR CPU/APU framework as a starting point of discussion. Strive to design unified APU framework including non-CSI related AI/ML use cases. (e.g., DMRS, Mobility, etc.) in addition to CSI related AI/ML use cases (e.g., BM, CSI prediction, CSI compression).
[bookmark: _Hlk220698491]Proposal #16: For 6GR, for UE buffer/memory management of CSI reports, consider NR active resources and ports counting method as a starting point of discussion. 

	Honor
	[bookmark: _Hlk220664615]Proposal 14: For CSI processing criteria and timeline, study how to enhance UE energy efficiency, e.g., how to avoid invalid RS caching and AI model state management.





Annex. 3 CSI reporting 
2. 
Unified fixed codebook design
	Companies
	Key observation/Proposals

	IDC
	Proposal 7: Support a single unified DL codebook as the design target for 6G, where,
•	The unified codebook is scalable and forward compatible.
•	The unified codebook supports both low- and high-resolution CSI (e.g., NR Type-I and Type-II) for different deployment scenarios, e.g., sTRP, mTRP, muti-panels, and high Doppler, etc.
Proposal 8: To support a simplified codebook operation, study methods to reduce UE complexity and reporting overhead by using UE-specific set of SD bases vectors for selection and reporting where,
•	The set of SD bases vectors can be reported by the UE based measurements performed by the UE.
•	The set of SD bases vectors is identified using previously reported SD bases vectors and/or configured rules. 
•	The set of SD bases vectors can be configured by the NW.

	Huawei
	[bookmark: _Ref220661519]Proposal 3: 6GR MIMO shall study a unified codebook structure to support NP/PS CSI-RS in various scenarios like single/multi-TRP.

	OPPO
	· 6GR supports unified and fixed codebook as baseline codebook.
· 6GR supports low resolution fixed codebook for all antenna ports at least for the following scenarios: medium-high mobility, high scheduling latency, limited uplink capacity, TDD with reciprocity, low-cost UE.
· 6GR supports high resolution fixed codebook at least for large antenna ports for higher throughput.
· The low resolution fixed codebook should consider the following factors: low feedback overhead, low UE complexity for CSI calculation, robust performance in different mobility, robust performance in different deployments. 
· For low resolution codebook in 6G, consider Type I scheme A codebook as the starting point. 

	TCL
	For each codebook type, support an unified codebook structure for all the antenna ports.

	ZTE
	Proposal 2: For 6G-R CSI compression, support a unified fixed codebook with the Rel-16 eType-II codebook structure.
Proposal 3: For 6G-R CSI compression, regarding SD and FD basis selection of the unified fixed codebook, support the followings:
· For SD basis, support layer-specific SD basis selection when L ≤ 2, and layer-common SD basis selection when L > 2.
· For FD basis, support layer-specific FD basis selection as Rel-16 eType-II.

	CATT
	[bookmark: _Ref220676433]Proposal 15: For 6GR codebook design, considering the following principles:
· Single codebook type with common codebook structure targeting different use cases and scenarios, including
· low and high resolution 
· sTRP and CJT 
· measured and predicted CSI
· with NES and without NES 
· Parameterized design with suitable and streamlined codebook parameters for each use case and scenario


	CMCC
	Proposal 15: In 6GR, a unified CSI codebook can be studied for different UE speeds, gNB deployment, and downlink transmission scheme, including single-TRP and cell free/CJT, low/medium/high speeds, and SU/MU-MIMO.

	xiaomi
	As a basic feature of codebook in 6GR, consider unifying single panel Type I codebook and Rel-16 eType II codebook as a starting point. 
Proposal 14: For a unified codebook in 6GR, AI/ML-based codebook can be considered with similar physical layer procedures/implementations as non-AI/ML based codebook.

Proposal 15: For a unified codebook in 6GR, the unified codebook is configurable or extensible for new deployment scenarios, e.g., UE is within limited coverage region in InH or ELLA.
Observation 12: With the increase of antenna aperture of the BS antenna array, e.g., in FR3, more UEs are located in the near-field region of the BS.
Observation 13: Near-field spherical wave exhibits non-linear phase difference between antenna elements/ports, which leads to near-field beam focusing in both angle and distance domains.
Observation 14: In SLS results, both 5G NR Type I and eType II codebooks exhibit performance loss in both indoor and outdoor scenarios under the R19 near-field channel model.
Proposal 16: Consider near-field channel model specified in R19 in the evaluation of 6GR MIMO DL CSI discussion, including near-field spherical wave and/or SNS characteristics.

	vivo
	Study unifying/simplifying NR codebooks for 6G day 1, and the Type-I SP CB, the eType-II CB and the eType-II CB for CJT can be the starting point of 6G codebook design. 
Proposal 12: For a unified codebook in 6GR, study the methods to achieve better performance and report overhead tradeoff, consider at least
· Reduce CSI reporting overhead for eType II-like codebook
· CSI reporting enhancements for a larger channel bandwidth
For the design of 6G codebook, the following design principles should be considered:
· 6G codebook needs to be applicable to various useful scenarios (Low resolution, high resolution, CJT, MU-MIMO, Near field, Mobility, CSI prediction).
· Unify codebook should not be simply merged directly to form a huge codebook. On the contrary, simplification should be given priority.
· The design of a codebook should avoid fragmentation into multiple sub-codebooks, and each sub-codebook also corresponds to a different UE implementation methodology.
· For low-resolution codebook or codebook configurations, ensure low UE complexity in PMI calculation by avoiding either high-dimension SVD (e.g., over full ports) or large-scale search among potential codewords.

	NEC
	Support dynamic/flexible CSI framework with native support of multi-TRP for CJT as Day1 feature, study to simplify the hieratical CSI framework in NR, and also consider impact with larger bandwidth (e.g. up to 400MHz). 
[bookmark: _Hlk220312873]Strive for a unified activation and indication framework both for CJT based multi-TRP measurement/operation and for multi-TRP beam indication.
Strive to design a unified and scalable codebook for both single-TRP and CJT multi-TRP, e.g. codebook with layer specific spatial domain basis and frequency domain compression based on DFT vectors.
Study finer resolution codebook based on the unified codebook structure, such as with downloadable vectors.
More justifications are required for the potential need on near-field codebook for FR3 operations.

	Samsung
	Proposal #6: the following use cases should be supported as 6GR day-one feature: 
· Unified fixed codebook (UFC)
· AI-based CSI compression, i.e., JSCM,
· CJT-calibration (CJT-C) DO/FO/PO, and
· DMRS-based CSI reporting
Proposal #8: support a unified fixed codebook (UFC) in 6GR reusing the structure of Rel-16 eType-II CSI codebook:
· SD compression with  layer-specific SD basis vector selection where L=1 and L>1 correspond to low- and high-resolution, respectively 
· FD compression with  (via  parameterization) layer-specific FD basis vector selection
·  LC coefficients (2LMv coefficients per layer)

Observation #5:  incurs the following demerits
· Additional overhead due to per-layer bitmap indicating location of NZCs
· Artificial truncation of NZCs to be zero resulting in performance degradation, especially for small L and pv
Proposal #9: Support a simplified design of codebook parameters utilizing only  without  .

Proposal #10: The UFC also supports CJT for both low- and high-resolution settings analogous to the Rel-18 extension of Rel-16 eType-II.

	APPLE
	Proposal 3-1-3: Study CSI feedback with low feedback overhead with the Rel-19 Type I Scheme B-like design as a starting point (e.g., for SU-MIMO).

we also note Rel-19 Type I Scheme A outperforms Rel-15 Type I consistently.
note Rel-19 Type I Scheme B has even better performance than Rel-19 Type I Scheme A

Proposal 3-1-4: Study eType II like design for high resolution CSI targeting MU-MIMO, study overhead reduction and performance enhancements (e.g., more efficient W2 reporting including quantization schemes, eigenvalue feedback, etc.)
Proposal 3-1-5:  When possible, a unified design for low feedback CSI and high-resolution CSI can be considered.

Observation 3-1-1:
The Rayleigh distance increases linearly with the carrier frequency , and in a quadratic fashion with the antenna array size .
Proposal 3-1-8: For a suitable scenario such as the dense urban scenario with ISD at 200 meters, CSI acquisition for near-field wave propagation can be studied can be studied.
Proposal 3-1-9: Among the agreed 6G evaluation assumptions, if the deployment scenarios for considering near-field propagation can be identified & performance benefits with NF-MIMO can be demonstrated, study potential solution:
· Alt. 1: CJT codebook 
· Alt. 2: Augment W1 with non-DFT-basis, e.g., only layer 1 or layer 2’s dominant DoD can be replaced by a non-DFT-basis

Proposal 3-1-10: Treat spatial non-stationarity for NW and spatial non-stationarity for UE separately. 
Proposal 3-1-18: Study CSI acquisition for DPS, CJT and SFN transmission with ideal backhaul mTRP, considering issues like diverse antenna configurations at network. 

	Lenovo
	Proposal 9: In 6GR, a unified, flexible, and forward-compatible DL CSI codebook should be designed from Day-1, aiming to enable efficient support of both current and future MIMO schemes, reduce implementation and specification complexities, better tradeoff between CSI accuracy, complexity, and reporting overhead, and eliminate need for repeated CSI-related UE capability expansions.
we believe that Type II codebook family can be used as a starting point, since it has a better common structure and can provide more refined CSI to achieve MU-MIMO gain.
Proposal 12: In 6GR, RAN1 to study the CSI reporting considering near field effect for high frequency bands.

	Fujistu
	Proposal 7 A unified codebook structure is preferred. Preferably, the codebook should be designed to satisfy the following requirements on a best effort basis.
· The codebook has a unified structure for supporting different ranks, and for supporting SU-MIMO and MU-MIMO.
· The codebook can be easily extended to support a larger number of antenna ports or support a larger number of TRPs.
· The beam resolution and the CSI feedback overhead based on the codebook are scalable to adapt to the channel variations.
· To achieve dual objectives of both MIMO precoding and high resolution data collection for potential AI/ML use cases.
Proposal 10	For the unified codebook design, it is preferred that the codebook is designed by leveraging an existing type of codebook.
	FFS whether Type I codebook or (e)Type II codebook is used as the starting point.

	KT
	Proposal 3:	Study the dominant factors limiting the commercialization of enhanced Type II codebooks and how these factors should be reflected in 6G codebook design.
Proposal 4:	Study a unified CSI codebook framework that leverages the higher-resolution capability of enhanced Type II codebooks while addressing the factors that have limited their commercialization.
Proposal 5:	Study CSI design trade-offs that balance UE implementation complexity and feedback overhead, considering operator experience that additional resource usage may be acceptable when it leads to meaningful downlink performance gains.

	LG
	[bookmark: _Hlk220698462]Proposal #7: For codebook design in 6GR, consider Rel-19 NR Type 1 and/or Type 2 CSI for SD/FD compression as a starting point of discussion. 
[bookmark: _Hlk220698469]Proposal #9: For 6GR, support CSI measurement report for both co-located EM-MIMO scenarios and distributed EM-MIMO scenarios from 6G Day-1.

	Honor
	Proposal 6: Study a unified codebook design, at least taking larger number of ports, more data streams, and the near‑field effects into consideration.
Proposal 7: Study the unified codebook design by two potential alternative approaches:
a) Reusing the legacy codebook design, which contains type I and type II.
b) Only evolving eType II related codebooks, which can fallback to single-beam feedback.

	Fraunhofer IIS, Fraunhofer HHI
	Proposal 1: Study Unified CSI codebook framework for 6G.
Observation 3: The CQIs derived for the individual TRPs based on the corresponding channels differ from the CQI derived for the composite/effective channel observed by the HST-user, resulting in a CQI mismatch.
Observation 4: No throughput improvement is observed with the Rel. 17 SFN scheme when compared to the single TRP case using DPS.
[bookmark: OLE_LINK1]Observation 5: The Joint CSI method, in which the CQI is derived from the composite/effective channel of the two TRPs, achieves a 40% throughput gain compared to both the Rel. 17 SFN scheme and the single TRP scheme using DPS. 
Proposal 2: Study Joint CSI methods, where the CQI is jointly derived from the composite/effective channel of the two TRPs. 

	ETRI
	Proposal 23: Consider the following two alternatives regarding codebook design for DL-based CSI acquisition in 6GR: 
· Alt-1: Reuse NR codebooks as baseline by profiling the latest versions (e.g., Rel-19) and extending them to support all configurable CSI-RS ports (up to 256 or 512 ports).
· Alt-2: Design a new unified and scalable codebook framework that supports diverse basis domains and various operational scenarios (e.g., single/multi-beam, SP/MP, and sTRP/mTRP) for multiple CSI-RS port configurations under different UCI payload constraints.

	Ericsson
	[bookmark: _Toc220691612]In 6G consider a unified 6G codebook design based on the legacy codebook structure with spatial and/or frequency domain compression. 
[bookmark: _Toc220691613]In 6G, support a Type II-like codebook structure as mandatory from day-1.
[bookmark: _Toc220691614]Adopt CBSR and beam-specific power scaling mechanisms into the 6G CSI framework.
[bookmark: _Toc220691615]6G codebook shall be designed to work well also for classical radios.

	Panasonic
	Study enhancements on Type I and Type II codebooks in terms of supporting new deployments, overhead reduction, UE complexity, etc. 
Study CSI compression and feedback using downloadable CSI codebooks.
Proposal 11	Study whether near field communication is in an issue for NW deployments and decide whether codebook enhancement is needed

	Sony
	Proposal 15	: RAN1 should design a unified, scalable codebook with selectable high/low CSI resolution, as well as support for sTRP/mTRP.
Proposal 16	: The minimum-feature codebook should be applicable to IoT devices. An IoT device should only be required to support a restricted number of codebook designs.

	DOCOMO
	Proposal 3-1
· Rel-19 Type-I codebook single-panel/multi-panel and Rel-19 eType-II codebook are baseline for different number of CSI-RS ports for 6GR.
· Study further enhancement based on Rel-19 Type-I codebook and Rel-19 eType-II codebook aiming at SE enhancement, overhead reduction, and UE complexity reduction, considering non-AI or AI based approaches.
Support to drop duplicated Type-I codebooks, duplicated Type-II codebooks, NR PS codebooks, and Rel-17 NCJT codebook.
Proposal 4-1
· Study the intra-site multiple-panel/-TRP like antenna array deployment for spectral efficiency improvement and the CSI acquisition via extension of existing codebooks, e.g., extended Rel-19 Type-I MP codebooks.

	AT&T
	· At least for eMBB scenario, strive to unify the codebook structure for different 6GR use cases.
· A variant of NR Rel-16 eType-II codebook is used as a baseline for 6GR PMI design. At least for eMBB scenario, strive to unify the codebook structure for different 6GR use cases.
· FFS: Baseline parameter combination.
Verify whether CBSR and CSI omission have been deployed in NR, and, if deployed, evaluate the utility of such deployment.

	Qualcomm
	Proposal 9: Type I PMI should be considered as the baseline CSI scheme for 6GR, and Rel-19 Type I Mode A can be the starting point.
Proposal 10: 6GR should strive for unified codebook structure for all ranks.  Study necessary extension of Type I PMI to improve higher rank performance.
Proposal 15: Study the benefits and CSI computation complexity for eType II  layer specific SD basis.
Proposal 16: Study complexity reduction on eType II precoder selection, e.g., based on SVD in the delay domain.
Proposal 17: Study the extension of eType II to higher rank 5-8 considering the performance and complexity tradeoff.

	KDDI
	[bookmark: _Ref220517078]Proposal 3: To enable support for multi-TRP CJT transmission from Day 1 in 6G, a study should be conducted in Release 20.
[bookmark: _Ref220517082]Proposal 4: In the 6G study examining multi-TRP CJT transmission, consider setting the number of cooperating TRPs to 5 or more. Specifically, we propose examining the following elements:
· Support for 128 or more ports via the combined total of multiple CSI-RS resources
· Support for 5 or more TRPs in calibration reporting
· Reduction of overhead and complexity arising from various specification extensions when increasing the number of TRPs as described above
[bookmark: _Ref220517088]Proposal 5: The 6G study should explore mechanisms enabling efficient CSI acquisition even when TRPs with different antenna configurations are deployed across an area.

	Rakuten
	[bookmark: Proposal_1]Proposal 1: Adopt a holistic and integrated architectural and operational framework for downlink-based CSI acquisition:
· striving to establish a unified approach that supports advanced MIMO, multi-TRP coordination, and AI/ML-aided operation across diverse frequency bands and deployment scenarios.
[bookmark: Proposal_2]Proposal 2: RAN1 is invited to study advanced CSI reporting mechanisms that extend beyond conventional codebook-based approaches to improve accuracy and reduce overhead, including
· eigenvector-based reporting;
· compressed sensing based CSI acquisition;
· implicit CSI such as AoA-based reporting.
[bookmark: Proposal_3]Proposal 3: RAN1 is invited to study optimized CSI-RS design and resource management schemes suitable for higher frequency bands, coordinated multi-TRP operation, and dynamic deployment conditions.
[bookmark: Proposal_4]Proposal 4: RAN1 is invited to study the consideration to enhance CSI acquisition to support coordinated multi-TRP operation, inter-TRP synchoronization and ISAC-enabled operation.

	ASUSTeK
	Proposal 1: In 6GR, CSI framework in 5G NR could be considered as starting point. FFS: whether to support all time domain behaviour for CSI report setting and time domain behaviour for CSI resource setting from 5G NR.

	CEWiT
	Proposal 4: 6G should support scalable and unified codebook considering NR eType-II codebook as the baseline
Proposal 7: The applicability of NR codebooks should be studied for FR3 bands with near-field and SnS properties



[bookmark: _Ref219151647]AI-based CSI compression 
Summary on views for Case A/B: JSCC/JSCM
	Company
	Observation/proposal

	Nokia
	The study should focus on evaluating JSCC/M (including single‑sided JSCM) under practical constraints, such as constrained modulation symbols (QAM or NUC in line with 6GR modulation assumptions), robustness and recovery behavior under bursty channel errors due to the absence of channel coding in JSCC/M, and other relevant non‑idealities, in order to assess the overall potential of this use case.

	TCL
	Proposal 17 : Different HARQ mechanisms for CSI compression with JSCC, e.g., CRC-free and CRC-attached, should be evaluated.

	CATT
	Interleaving Mismatch: Unlike JSCC which outputs bits compatible with legacy bit-level interleaving, JSCM outputs modulated symbols, requiring a redesign of interleaving mechanisms.

UCI Multiplexing: JSCM disrupts the existing framework where CSI and other UCI (e.g., HARQ-ACK) share the same coding/modulation chain, raising unresolved issues on resource mapping and multiplexing. 
Proposal: CATT urges RAN1 to select only one ultimate AI scheme (choosing among SSCC, JSCC, and JSCM) to avoid fragmentation, and mandates that evaluation must account for impacts on legacy UCI processing.

	NEC
	Proposal 18:	Study the impacts of lack of CRC and scrambling for JSCCM CSI reporting and methods to transmit/multiplex JSCCM CSI report via PUSCH.

	Samsung
	Observation #14: it is observed that PAPR can be reduced for JSCM scheme with sufficiently small SGSC loss only in high SNR, where the PAPR is similar to the one of SSCC. 

	LG
	[bookmark: _Hlk220698575]Observation #5: JSCM-based modulated symbols may exhibit unconstrained modulation characteristics different from QAM/NU-QAM, leading to different PAPR and RF/PA processing behaviour; mixing JSCM-modulated symbols with QAM-modulated symbols within the same OFDM symbol should be avoided.
[bookmark: _Hlk220698586]Proposal #25: For study of JSCM for CSI compression (Sub-use case B), the following two aspects shall be considered:
· method for parallel transmission of bit-wise essential CSI information
· method for multiplexing/separation with QAM/NU-QAM signals considering PAPR and RF/PA differences

	Ericsson
	RAN4 PAPR/EVM requirements and performance impacts

	Qualcomm
	Proposal 21: For the study of CSI compression and feedback with AI/ML-based JSCM,
Performance, robustness, and feasibility of analog feedback should be carefully studied.
Performance, generalization aspects, and feasibility should be studied to determine the merit and feasibility of downloadable models. 
Study should consider rigorous link-level and system-level evaluations with careful modeling of UL MIMO fading channels, interference, and UE/gNB implementation artifacts



Summary on views for Case C: DLable codebook/basis
	Company
	Observation/proposal

	Interdigital
	Proposal 20: For AI/ML-based CSI compression sub-case C, RAN1 to further identify the possible variants for further studies that at least include the following approaches: 
•	Usage of one-sided models at the NW-side for determining the codebook(s) 
o	can be transparent to the UE and could be considered as a general solution in the context of scalable/dynamic codebook design for CSI feedback
•	Limiting the scope of learned representation of the CSI feedback by utilizing the partitioning of the codebook for PMI feedback, e.g., learned representations for only the W2 components at subband level while reusing the characterization of the W1 matrix, or vice versa.

	Futurewei
	Supports this as it is compatible with existing frameworks and has less inter-vendor collaboration effort. Supports this as it is compatible with existing frameworks and has less inter-vendor collaboration effort.

	Apple
	Proposal 3-2-4: For cell specific downloadable basis/codebook
No AI LCM collaboration is needed. 
· Reduce UE computation/search complexity with arbitrary basis.
Proposal 3-2-4: For cell specific downloadable basis/codebook, study pre-coded CSI-RS transmission and port selection codebook. 
· No AI LCM collaboration is needed. 
· Reduce UE computation/search complexity with arbitrary basis.


	LG
	Proposal #8: Study aspects on codebook design considering near field channel characteristic and/or downloadable codebook.

	Ericsson
	For potential further study of downloadable codebook based CSI feedback, prioritize solutions that do not require NW-side model for inference, and consider the following aspects:
System level performance with aligned evaluation assumptions
Sizes of downable basis and signalling overhead, including update frequency
Specification impact (e.g., signalling of downloadable basis, inference aspects, data collection, performance monitoring

	DOCOMO
	Support the study of CSI compression and feedback with AI/ML-based downloadable operations, e.g.,
Downloadable basis for CSI compression.
Downloadable codebook for CSI compression.
Simplified network (e.g., single-layer network) with downloadable parameters.
Study the corresponding specification impacts, including the inference configuration and reporting, parameter set exchange for the downloadable operations, parameter set (de-)activation, data collection, and performance monitoring.=



Summary on views for Case D:SRS fusion
	Company
	Key observation/proposal

	IDC
	[bookmark: _Hlk213358476]
Observation 21: Fusion of received SRS (sub-case D) is currently under consideration as part of the Rel-20 WI on AI/ML-based CSI compression.

Proposal 21: Studies on AI/ML-based CSI compression sub-case D with SRS fusion for CSI reconstruction based on CSI feedback should not be pursued until the ongoing work on AI/ML-based CSI compression as part of Rel-20 5GA is completed.
· 

	OPPO
	Proposal 1: Study fusion of downlink CSI feedback and SRS measurement in 6GR.
Observation 16: Fusion of downlink CSI and SRS measurement outperforms SRS only and AI/ML based CSI compression in 5G NR for each layer.
Observation 17: Fusion of implicit CSI feedback and SRS measurement outperforms fusion of explicit CSI feedback and SRS measurement.

	NVIDIA
	Proposal 6: Study AI/ML for fusion of CSI feedback and SRS measurements.
· Model input: Received CSI feedback + uplink SRS measurements
· Model output: Downlink channel estimate
· Training type: offline training; optional online finetuning
· Model location for inference: network side
· Collaboration/interaction between UE and NW: Case 1) no collaboration; Case 2) joint CSI encoder, CSI decoder, and SRS fusion training 
· Potential specification impact: spatial/frequency/time CSI compression, model pairing, inference feedback, data collection, and performance monitoring.

	Lenovo
	Proposal 16: Study enhanced CSI acquisition and report mechanism for joint downlink and uplink based on reciprocity property. 



NW-side vs 2-sided
Summary of Companies’ observation/proposals from Tdoc: 
	Company
	NW vs 2-sided
	Key observation/proposal

	Spreadtrum
	Postpone 2-sided
	For two-side model, the standardization of inter-vendor is underway, and some issues remain unresolved.
Given that the standardization work for the two-side model has not yet been completed, JSCC/JSCM can be postponed until the work in NR is completed.

	IDC
	Avoid parallel work of 2-sided 
	Proposal 19: AI/ML-based CSI compression and feedback sub-cases involving two-sided models should not be considered in Rel-20 due to their significant complexity for the inter-vendor training collaboration, lack of clarity on suitable baseline(s) for 6GR, and to avoid parallel work and studies on very related topics across 5GA and 6GR.

	Huawei
	Low priority for 2-sided model
	[bookmark: _Ref220661702]Proposal 19:  For CSI compression and feedback with AI/ML, the two-sided model solutions are discussed with lower priority.

	OPPO
	NW-sided model
	[bookmark: _Hlk209968615]To alleviate inter-vendor collaboration and complexity of UE-side AI/ML model, study JSCM for CSI feedback with NW-side model.

	xiaomi
	Low priority for 2-sided model
	Proposal 13: Deprioritize CSI compression based on two-sided model with inter-vendor collaboration for model training.

	Apple
	R20 2-sided as starting point
	Proposal 3-2-2: For inter-vendor training collaboration, use R20 framework as a starting point.  
Proposal 3-2-3: For two-sided pairing procedure and related LCM, use NR two sided model general framework as a starting point.  

	Ericsson
	prioritize one-sided model based solutions
	Proposal 8 [bookmark: _Toc220691623]For potential further study of JSCC/JSCM based CSI feedback, prioritize one-sided model based solutions, and consider the following aspects:
a. [bookmark: _Toc220691624]Reduce NW-side model complexity and energy consumption
b. [bookmark: _Toc220691625]Link/system level performance with practical Tx/Rx assumptions
c. [bookmark: _Toc220691626]Model generalization performance and model scalability performance
d. [bookmark: _Toc220691627]RAN4 PAPR/EVM requirements and performance impacts
e. [bookmark: _Toc220691628]Specification impact (e.g., inference aspects, data collection, performance monitoring)

	DOCOMO
	Study on DLable operation
	· Support the study of CSI compression and feedback with AI/ML-based downloadable operations, e.g.,

	Qualcomm
	Using 2-sided model
	· Proposal 11: 6GR should support CSI acquisition using two-sided AI/ML CSI compression for AI/ML-capable UEs.
· Proposal 12: Further enhancement of two-sided AI/ML CSI compression may be studied, focusing on complexity reduction.

	BUPT
	
	Proposal 1: It is proposed to study JSCC/JSCCM/LJSCC/LJSCCM-based CSI compression and inter-vendor model training and alignment of the JSCC/JSCCM/LJSCC/LJSCCM encoder and decoder. 



Physical Layer Integration of JSCM/JSCC
Table 2.3.3D Observations
	Company
	Observation/proposal

	Nokia
	The study should focus on evaluating JSCC/M (including single‑sided JSCM) under practical constraints, such as constrained modulation symbols (QAM or NUC in line with 6GR modulation assumptions), robustness and recovery behavior under bursty channel errors due to the absence of channel coding in JSCC/M, and other relevant non‑idealities, in order to assess the overall potential of this use case.

	TCL
	Proposal 17 : Different HARQ mechanisms for CSI compression with JSCC, e.g., CRC-free and CRC-attached, should be evaluated.

	CATT
	Interleaving Mismatch: Unlike JSCC which outputs bits compatible with legacy bit-level interleaving, JSCM outputs modulated symbols, requiring a redesign of interleaving mechanisms.
UCI Multiplexing: JSCM disrupts the existing framework where CSI and other UCI (e.g., HARQ-ACK) share the same coding/modulation chain, raising unresolved issues on resource mapping and multiplexing. Proposal: CATT urges RAN1 to select only one ultimate AI scheme (choosing among SSCC, JSCC, and JSCM) to avoid fragmentation, and mandates that evaluation must account for impacts on legacy UCI processing.

	NEC
	Proposal 18:	Study the impacts of lack of CRC and scrambling for JSCCM CSI reporting and methods to transmit/multiplex JSCCM CSI report via PUSCH.

	Samsung
	Observation #14: it is observed that PAPR can be reduced for JSCM scheme with sufficiently small SGSC loss only in high SNR, where the PAPR is similar to the one of SSCC. 

	LG
	Observation #5: JSCM-based modulated symbols may exhibit unconstrained modulation characteristics different from QAM/NU-QAM, leading to different PAPR and RF/PA processing behaviour; mixing JSCM-modulated symbols with QAM-modulated symbols within the same OFDM symbol should be avoided.
Proposal #25: For study of JSCM for CSI compression (Sub-use case B), the following two aspects shall be considered:
· method for parallel transmission of bit-wise essential CSI information
· method for multiplexing/separation with QAM/NU-QAM signals considering PAPR and RF/PA differences

	Ericsson
	RAN4 PAPR/EVM requirements and performance impacts

	Qualcomm
	Proposal 21: For the study of CSI compression and feedback with AI/ML-based JSCM,
Performance, robustness, and feasibility of analog feedback should be carefully studied.
Performance, generalization aspects, and feasibility should be studied to determine the merit and feasibility of downloadable models. 
Study should consider rigorous link-level and system-level evaluations with careful modeling of UL MIMO fading channels, interference, and UE/gNB implementation artifacts




DMRS-based CSI Reporting
Other references: 
	Company
	observations

	Nokia
	Study how/whether other DL RSs (e.g., DMRS) than CSI-RS can be leveraged for channel/interference measurements, including which CSI quantities can be derived, to mainly increase CSI accuracy and reduce CSI-RS overhead.

	Spreadtrum
	DMRS-based CSI reporting is considered as low priority in 6G day-1.

	Huawei
	[bookmark: _Ref220678210]Observation 16: The inter-cell interference changes rapidly in time domain and frequency domain, and interference measurement based on periodic CSI-RS leads to inaccurate MCS estimation.
[bookmark: _Ref220661693]Proposal 17: 6GR should study DMRS-based CSI acquisition to improve inter-cell interference measurement.

	ZTE
	Proposal 7: For 6G-R, study DMRS-based CSI acquisition for at least the following use cases:
· DMRS-based CSI feedback for fast link adaptation;
· DMRS port/rank selection
· CQI adjustment
· FFS: UE-initiated DMRS-based CQI feedback
· DMRS-based RSRP/SINR feedback for assisting NW in performing anti-waterfilling.

	Tejas
	Proposal 26	In 6GR, enable UEs to leverage the richer and more frequent DMRS based channel estimates for CSI feedback, that helps the network to reduce CSI-RS overhead, improve responsiveness, enhance closed loop MIMO and improve link adaptation.

	MediaTek
	Proposal 2.1.1: To achieve energy/overhead-efficient link adaptation in 6GR, study a CSI acquisition based on CSI-RS and DM-RS:
· CSI-RS based DL CSI acquisition, targeting regularly acquiring full channel state information 
· DMRS-based CSI tracking, targeting updating channel state information on demand
Proposal 2.1.2.1: For on-demand CSI tracking, 6GR studies the DMRS-based approach on CQI/PMI/RI tracking to facilitate fast link adaptation in SU-MIMO/MU-MIMO and S-TRP/M-TRP operation.


	xiaomi
	Proposal 25: Consider DMRS-based CSI feedback in 6GR to reduce RS overhead and enable faster OLLA.

	GOOGLE
	Proposal 4: Study the DMRS based CQI report. 

	Samsung
	Proposal #13: Support to study DMRS-based CSI reporting
· PDSCH DM-RS is used as measurement RS for CSI measurement and reporting

	Apple
	Proposal 3-1-2: 
· Consolidate and enhance NR CSI acquisition design
· Develop solutions for new problems/new scenarios (the 7GHz co-site deployment), including DMRS based feedback and CSI prediction across time, frequency and spatial domains. 
Proposal 3-1-16: For DMRS based CSI feedback, study 
· Measurement resources, for which PDSCH DMRS for data transmission can be the starting point for measurement resources for DMRS based CSI feedback;
· Feedback quantity, CQI/MCS, Delta CQI/Delta MCS, potentially CQI/MCS are at finer granularity. 
· Feedback timeline and container design


	ETRI
	Proposal 29: Study DMRS-based CSI measurement and reporting for DL-based CSI acquisition in 6GR.

	Ericsson
	Proposal 9 [bookmark: _Ref220659211][bookmark: _Toc220691633]Study the benefit of PDSCH DMRS based CQI feedback to track CQI variations in between full CSI (e.g., RI/PMI/CQI) feedback measured on sparse-in-time signals such as NZP CSI-RS/CSI-IM.
Proposal 10 [bookmark: _Toc220691634]Study PDCCH CSI feedback in 6G based on reference signals transmitted in control region (e.g., PDCCH DMRS)

	Qualcomm
	Observation 22: The CSI-RS based CQI acquisition may not efficiently support MU-MIMO and the measured interference may not be aligned with the actual scheduled transmission.
Observation 23: DMRS based delta CQI/MCS reporting enables fast link adaptation by providing CQI updates aligned with the actual transmission.
Proposal 23: Study DMRS based delta CQI/MCS reporting for fast link adaptation.





UE-assisted report
Summary of companies’ proposals
	Company
	Key proposal/observation

	Huawei
	[bookmark: _Ref220678052]Observation 1: According to field test measurement results and 38.901 channel model simulation, long-term channel information, such as PAS and PDP, can be stable at nearby locations and for a long time duration. 
[bookmark: _Ref220661669]Proposal 14: 6GR MIMO shall study the feedback and utilization of long-term channel information for efficient CSI measurement and feedback.

	OPPO
	Proposal 2: The following two mechanisms for xDCP measurement and report can be studied for 6GR:
· xDCP report from UE based on DL measurement.
· SRS based xDCP measurement at gNB.

	ZTE
	Observation 7: The UE-reported compressed long-term channel covariance delivers an average UPT gain of 7% and a cell-edge UPT gain of 36% for mTRP CJT.
Proposal 8: For 6G-R, in order to assist NW configurations/mechanisms on subsequent CSI measurement/report and multi-TRP operation, study UE-assisted CSI measurement and report, including at least:
· TDCP/FDCP/SDCP;
· CJT calibration report;
· UE-assisted report for CJT interference mitigation.

	CATT
	[bookmark: _Ref220676380]Proposal 9: In 6GR downlink-based CSI acquisition, study UE assistance information feedback including CJT calibration reporting and spatial/frequency/temporal domain channel property reporting.

	CMCC
	Observation 9: Under the scenario where CSI-RS is transmitted on 50% of the antenna ports, the channel estimation error when using time-domain channel as CSI report format is significantly lower than that achieved by the interpolation-based method. Furthermore, the estimation error decreases rapidly as the SNR increases.
Proposal 15: In 6GR, time-domain channel as CSI report format could be studied.

	vivo
	Proposal 22:	For channel property report, study this in a wider context, e.g., some CSI parameters can be suggested by UE.
Observation 18:	For CJTC, only errors caused by UE-specific factors require specification solution.
Observation 19:	UE compensation achieves larger performance gains of more than 8% compared to the baseline of no DO compensation.
Proposal 23:	Prioritize delay offset reporting with the linkage btw CJTC reporting and CJT CSI reporting, considering
-	The UE-specific propagation path differences,
-	The increase of the PMI subband size is beneficial to achieve lower UE complexity, and it brings the need for UE to compensate the DOs between TRPs.

	Google
	Proposal 12: Support the TDCP report in 6G
•	Study some adaptation mechanisms, e.g., RLM adaptation, based on the measured TDCP for UE power saving

	NEC
	Study to support CJT calibration reports for TRP compensation or selection, taking Rel-19 CJTC report as starting point.

	Samsung
	Proposal #6: the following use cases should be supported as 6GR day-one feature: 
· Unified fixed codebook (UFC)
· AI-based CSI compression, i.e., JSCM,
· CJT-calibration (CJT-C) DO/FO/PO, and
· DMRS-based CSI reporting
Proposal #12: support CJT calibration delay-offset reporting, frequency-offset and phase-offset reporting   in 6GR CSI.
· The Rel-19 NR CJTC reporting can be used as a starting point

	Apple
	Proposal 3-1-18: Study CSI acquisition for DPS, CJT and SFN transmission with ideal backhaul mTRP, considering issues like diverse antenna configurations at network. 


	Lenovo
	Proposal 13: Study calibration report for clustered based CJT transmission.


	ETRI
	Proposal 26: Study reporting of spatial domain channel property for DL-based CSI acquisition in 6GR.


	Ericsson
	Proposal 11 Study a standalone IPN report with subband granularity. Scalar value based IPN reporting can be a starting point.
Proposal 12  Study Time/Frequency/Spatial channel property feedback along with applicable use cases and performance benefits in 6GR. 
Proposal 13 Study Delay/frequency/phase offsets feedback between multiple TRPs taking into account channel model updates in NR Rel-19 and new UE antenna model agreed in general evaluation assumptions. 

	DoCoMo
	Proposal 4-3
· Study whether/how to optimize DL CSI acquisition framework to minimize the impact from UE reporting overhead, e.g.,
· Separate measurement/reporting for long-term CSI and short-term CSI.
· NW assistance to alleviate UE side measurement/calculation, e.g, via configurable long-term CSI, such as SD vectors, SD/FD vectors, previous CSI reports, etc
· Study how temporal correlations can be utilized from codebook structure perspective.
· Potential design example: Codebook enhancement enabling scalable CSI reporting for overhead reduction, where the CSI/PMI report includes reusable components (e.g., sub-PMIs) capturing long-term CSI.



Explicit CSI Feedback
Summary of companies’ proposals
	Company
	Key proposal/observation

	Spreadtrum
	Proposal 10: For CSI acquisition, study the following CSI feedback schemes:
· Implicit CSI feedback: Parameters indicating channel quality based on a set of transmission and receiving hypotheses: e.g. PMI (codebook parameters), RI, CQI
· Explicit CSI feedback: Parameters representing channel coefficients or some reduced-space representation thereof: e.g. (compressed) channel matrix, channel eigen-vector

	Huawei
	[bookmark: _Ref220661527]Proposal 4: 6GR MIMO shall study the explicit CSI feedback to significantly reduce UE complexity for supporting both single-TRP and multi-TRP operation.
[bookmark: _Ref220661677]Proposal 15: 6GR MIMO shall study explicit CSI feedback for high-precision CSI acquisition, with assistant of long-term channel information-based.

	TCL
	Study the performance gains of explicit CSI feedback compared to legacy codebook-based schemes in 6G deployment scenarios.

	CATT
	[bookmark: _Ref220676371][bookmark: _Ref220676376]Proposal 7: In 6GR downlink-based CSI acquisition, study implicit CSI feedback as baseline, advanced schemes can also be studied in 6GR with pros and cons being equally taken into account.
Proposal 8: In 6GR downlink-based CSI acquisition, explicit CSI feedback can be studied while ensuring that the issues flagged in previous releases are fully resolved.

	MTK
	Proposal 2.1.1.1: For CSI-RS based full CSI acquisition, study explicit channel feedback as a unified CSI approach which strive to support a wide range of MIMO schemes (i.e., SU/MU-MMO, S-TRP/M-TRP operation).

	Samsung
	Proposal #5: at least for high-resolution AI-based CSI compression (i.e., JSCM), explicit channel feedback should be considered to facilitate the training and inference with raw channel matrix or covariance channel matrix in an efficient way.

[bookmark: _Ref219190519]Table 1
	
	Implicit CSI feedback (Legacy)
	Explicit feedback

	Definition
	UE-recommended CSI (CQI/PMI/RI) determined under fixed DL transmission assumptions (e.g., SU-MIMO, DL RA, target BLER, ..) which don’t match actual DL transmission
	Compressed channel measurement:
▪  No assumption on transmission parameters (e.g., SU-MIMO vs MU-MIMO, DL RA, BLER, …) or UE receiver algorithm

	Examples of format/quantity for feedback
	CQI (recommended spectral efficiency under TX/RA assumptions and required BLER), PMI, RI, [CRI]
	Based on (pre-whitened) raw channel  (or ) or covariance  (or ) per sub-band.  is interference covariance matrix (can also be reported separately)

	Pros
	▪ Facilitate SU-MIMO transmission at the NW by directly following the UE-recommendation
	▪ Simplify CSI calculation at the UE
▪ Offer more freedom to the NW to utilize the reported channel measurement for any DL transmission scheme or for other purposes

	Cons
	▪ Need complex CSI calculation at the UE
▪ Performance loss and/or complicated process for DL transmission scheme other than SU-MIMO
▪ Higher overhead (FD compression N/A for CQI)
	▪ Need additional processing only for SU-MIMO transmission at the NW




	KT
	Proposal 1: Study the suitability of the target CSI type, including the channel matrix as an alternative to the precoding matrix, for practical CSI acquisition as antenna dimension scale.
Representing the precoding or channel matrix in the angular-delay domain reveals a sparse magnitude distribution, which offers potential overhead reduction for target CSI formatting.

Proposal 2: Study the feasibility of representing the target CSI in the angular-delay domain, considering whether its sparse structure can enable more efficient target CSI formatting and potential overhead reduction.


	LG
	[bookmark: _Hlk220698458]Proposal #6: For CSI report in 6GR, study both implicit CSI and explicit feedback. 

	Intel
	Proposal (Explicit CSI): Study covariance feedback for supporting uplink scheduling and transmission for SRS-free and SRS-challenged UEs. This is in addition to supporting downlink transmission that may benefit from eigenvalue information. 

	
	Proposal 14 [bookmark: _Toc220691619]Study a standalone IPN report with subband granularity. Scalar value based IPN reporting can be a starting point.
Proposal 15 [bookmark: _Toc220691620]Study Time/Frequency/Spatial channel property feedback along with applicable use cases and performance benefits in 6GR. 
Proposal 16 [bookmark: _Toc220691621]Study Delay/frequency/phase offsets feedback between multiple TRPs taking into account channel model updates in NR Rel-19 and new UE antenna model agreed in general evaluation assumptions. 

	Qualcomm
	Proposal 18: Study CSI compression for explicit channel feedback by using the Rel-16 eType II approach as the starting point.
Proposal 19: Study transmission mechanism for explicit channel feedback including at least digital feedback.
Proposal 20: Study the quantization enhancements including at least block floating point (BFP) quantization, adaptive bit allocation.




Others 
More views are needed to trigger discussion in RAN1, or some dependency to other fundamental aspects.  
	Company
	Key proposal/observation

	Huawei
	[bookmark: _Ref220678062]Observation 2: Cell-specific precoded CSI-RS is beneficial in terms of per-port SINR, especially for cell-edge performances.
[bookmark: _Ref220678075]Observation 3: Cell specific precoded CSI-RS facilitate flexible sharing of CSI-RS resources between UEs with different UE measurement capabilities.
[bookmark: _Ref220661534]Proposal 5: Cell-specific precoded CSI-RS transmission (e.g., each port is mapped to/transmitted by all the TXRUs with a cell-specific beamforming vector) should be studied in 6GR.

	ETRI
	Proposal 24: Study UE-specifically tailored and configurable codebook for DL-based CSI acquisition in 6GR.
. To mitigate this overhead while retaining the benefits of reduced UE complexity, 6GR could employ a mechanism where CSI-RS is transmitted in a cell-specific or UE-group-specific manner, while NW provides each UE with a narrowed set of candidate bases.

	Ericsson
	Proposal 17 [bookmark: _Toc220691618]Study NW-assisted beamformed CSI-RS based CSI acquisition as part of the beamformed CSI-RS solution in 6G.
[image: ]
[bookmark: _Ref220571463]Figure 12 - Relative gain at different RUs comparing beamformed CSI-RS and NW-assisted beamformed CSI-RS based CSI acquisition for different number of beams (L).


	Google 
	Proposal 11: In addition to report the PMI indicating the precoder for each layer, support to report the energy for each layer.
Proposal 7: Support CQI accuracy enhancement, e.g., OLLA factor indication.
Proposal 8: Support CQI report with target BLER as 1% to accommodate the AI traffic.
Proposal 9: Support CSI report for PDCCH with regard to different types of receivers for PDCCH and PDSCH reception.
Proposal 10: Study the CQI calculation with regard to AI/ML based DMRS overhead reduction and normal DMRS

	Intel
	Proposal (evaluation-assumptions): Consider scenarios with 30-50% SRS-free UEs (UEs with no assigned SRS) or SRS-challenged UEs (UEs with only narrow-band SRS allocation) in massive MIMO TDD deployments for 6GR CSI design 

	Sony
	: The 6GR CSI scheme supports half-duplex UE implementations, where the UE is unable to measure DL CSI while transmitting UL. Clear priority rules between DL CSI measurement and UL transmission should be defined.

	ATT

	Study possible aggregation of DL-based and UL-based channel estimates with the aim of DL precoder determination.
FFS: Feasibility, potential performance gain, complexity analysis as well as prospective specification impact.

	Fraunhofer

	Observation 8: The UE reported CQI for a -layer transmission results in a mismatch if the gNB doesn’t follow the UE recommended rank for PDSCH scheduling/transmission. 

Proposal 4: Study rank dependent CQI reporting i.e., reporting of several CQI or CQI information for multiple ranks in a single CQI report. 

	LG
	[bookmark: _Hlk220698479]Proposal #13: Study CSI acquisition and reporting for NTN operation considering 
· CSI aging due to the large RTT
· CSI/CQI for a TB with the disabled HARQ feedback
· UE temporally loses the LOS path, and continuously reports CQI#0 (out of range)

	Honor
	Proposal 9: Starting from the legacy CSI priority rules, further study how to reconstruct the CSI priority framework, e.g., firstly, discussing the priority ranks among all types of CSI reports; and then, determining the priority among reports within one CSI report type.




Annex. 4 CSI measurement
3. 
Channel measurement 
	Company
	Proposal

	Nokia
	Proposal 23.	Study how/whether other DL RSs (e.g., DMRS) than CSI-RS can be leveraged for channel/interference measurements, including which CSI quantities can be derived, to mainly increase CSI accuracy and reduce CSI-RS overhead.

	Spreadtrum
	Proposal 7: DMRS-based CSI reporting is considered as low priority in 6G day-1.

	ZTE
	Proposal 7: For 6G-R, study DMRS-based CSI acquisition for at least the following use cases:
‐	DMRS-based CSI feedback for fast link adaptation;
	DMRS port/rank selection
	CQI adjustment
	FFS: UE-initiated DMRS-based CQI feedback
‐	DMRS-based RSRP/SINR feedback for assisting NW in performing anti-waterfilling.

	Tejas
	Proposal 26	In 6GR, enable UEs to leverage the richer and more frequent DMRS based channel estimates for CSI feedback, that helps the network to reduce CSI-RS overhead, improve responsiveness, enhance closed loop MIMO and improve link adaptation.
Proposal 27	6G must study a dual-loop (two-stage) design for CSI measurement and reporting, including a DMRS based corrective report to improve the CSI-RS based predictive CSI, to stabilize link adaptation.
Proposal 28	6G should support CQI accuracy enhancement, by using corrective CSI reports carrying error-based CSI quantities.
Proposal 29	Reporting precoded delay spread is beneficial in 6GR for the scheduler to make various informed decisions.
Proposal 30	6G should study the benefits of using precoded PDSCH DMRS signals as a secondary reference signal to report error-based report quantities for multi-user and link adaptation enhancements over traditional CSI-RS based CSI report.

	MTK
	Proposal 2.1.1: To achieve energy/overhead-efficient link adaptation in 6GR, study a CSI acquisition based on CSI-RS and DM-RS:
•	CSI-RS based DL CSI acquisition, targeting regularly acquiring full channel state information 
•	DMRS-based CSI tracking, targeting updating channel state information on demand

	Xiaomi
	Proposal 25: Consider DMRS-based CSI feedback in 6GR to reduce RS overhead and enable faster OLLA.

	Google
	Proposal 4: Study the DMRS based CQI report.

	Samsung
	Proposal #13: Support to study DMRS-based CSI reporting
•	PDSCH DM-RS is used as measurement RS for CSI measurement and reporting

	ETRI
	Proposal 29: Study DMRS-based CSI measurement and reporting for DL-based CSI acquisition in 6GR.

	Ericsson
	Proposal 24	Study the benefit of PDSCH DMRS based CQI feedback to track CQI variations in between full CSI (e.g., RI/PMI/CQI) feedback measured on sparse-in-time signals such as NZP CSI-RS/CSI-IM.

	Qualcomm
	Proposal 23: Study DMRS based delta CQI/MCS reporting for fast link adaptation.

	vivo
	Proposal 9:	NZP-CMR and CSI-IM in CSI measurement should be prioritized, while NZP-IMR should be deprioritized or removed from the 6G CSI measurement.

	LG
	Proposal #2: For 6GR, consider CSI-RS and TRS for measurement RS for CSI acquisition as starting point.

	ATT
	Proposal 8	NR CSI-RS design is the starting point for DL-based channel measurement in the 6GR study.



Interference measurement

	Company
	Proposal

	Futurewei
	Proposal 15: For 6GR DL-based CSI acquisition, support advanced interference measurement and reporting:
•	Enhancements for reporting interference statistics. 
•	Enhancements for prospective DL interference probing and reporting.

	CMCC
	Proposal 5: In 6GR, the interference measurement in cell free scenario to facilitate precise CSI acquisition could be studied.

	vivo
	See section 5.1

	Google
	Proposal 5: Support the following types of IMR:
•	CSI-IM
•	NZP-CSI-RS for interference measurement
•	5G-SSB

	LG
	Proposal #3: For 6GR, consider NR CSI-IM for interference measurement as a starting point. FFS on other interference measurement mechanisms.



[bookmark: _Ref220579631]CSI prediction
	Company
	Proposal

	Nokia
	Proposal 25.	For UE-sided frequency and/or spatial domain CSI prediction, further study the performance–complexity tradeoff.
Proposal 28.	Take AI/ML CSI prediction Release 19 as a starting point for further studies on temporal domain CSI prediction.
Proposal 29.	Study enhanced CSI time-domain prediction by jointly leveraging multiple CSI-RS resource types to form a larger observation window for channel evolution tracking.
Proposal 30.	Study the benefits of supporting fine-tuning for inference-based CSI prediction in time domain as part of LCM procedures.

	Futurewei
	Proposal 8: Consider including AI/ML-based CSI-RS overhead reduction and/or CSI prediction as a candidate approach for CSI-RS overhead reduction enhancement in 6G study and both UE-sided model and NW-sided model should be included in the study.

	InterDigital
	Proposal 18: Study performance and complexity of CSI-RS overhead reduction Sub-Case A, including FDR, SDR and hybrid FDR-SDR approaches.

	Huawei/HiSilicon
	Proposal 9: For low overhead CSI-RS or CSI prediction with AI/ML, study sub-case A, i.e., frequency and/or spatial domain CSI prediction with sparse/low overhead CSI-RS with AI/ML as a starting point.
Proposal 10: For the study of frequency and/or spatial domain AI/ML CSI prediction with sparse/low overhead CSI-RS, consider the following principles:
-	Strive for unified sparse CSI-RS design (e.g., pattern, sequence) principle for AI/ML solution and non-AI/ML solution.
-	From evaluation perspective, find a basic non-AI/ML benchmark (e.g., simple extension of NR CSI-RS pattern and CSI feedback) as the common benchmark for both AI/ML solution and enhanced non-AI/ML solution.
Proposal 11: For frequency and/or spatial domain CSI prediction with sparse/low overhead CSI-RS with AI/ML, study long-term channel information as assistance information of AI/ML input.
Proposal 12: For frequency and/or spatial domain CSI prediction with sparse/low overhead CSI-RS with AI/ML, study the performance and benefits of continuous learning.

	TCL
	Proposal 12 : RAN1 gives priority to studying frequency and/or spatial domain CSI prediction with low overhead CSI-RS for 6GR MIMO.
Proposal 15 : Study joint CSI prediction and compression 6G Explicit CSI enhancement.

	ZTE
	Proposal 12: For 6G-R CSI-RS design, study FD/SD low-density CSI-RS with non-AI/AI channel/CSI prediction.
‐	For non-AI/AI-based channel/CSI prediction, study UE-side implementation/AI model:
	Input of channel/CSI prediction: raw channel matrix or eigen-vector of channel matrix of a set B;
	Output of channel/CSI prediction: raw channel matrix or eigen-vector of channel matrix of a set B;
	Potential spec impact: FD/SD low-density CSI-RS design.

	CATT
	Proposal 11: In 6GR downlink-based CSI acquisition, study prediction based CSI feedback in spatial/frequency/temporal domain.


	Tejas
	Proposal 12	Study CSI‑RS enhancements to support port‑domain overhead reduction in AI-capable UEs, including ML-based imputation at the UE receivers, with the trade-off of higher UE complexity.

	MTK
	Proposal 2.1: Investigate further both time, spatial, and frequency domain approaches to reduce CSI-RS overhead. We suggest prioritizing classical non-AI-based approaches initially to lay a strong foundation for efficient and scalable MIMO, before introducing AI-based optimizations.
Proposal 2.4.2.1.1: Study AI/ML-based channel prediction for CSI-RS overhead reduction in spatial and/or frequency domains including the following sub-use cases and related details.
Proposal 2.4.2.2.1: Support reporting explicit CSI for AI/ML-based time-domain CSI prediction. 
Proposal 2.4.2.2.2: Support combined configuration of P/SP and AP RS for data collection and inference of AI/ML-based time-domain CSI prediction.
Proposal 2.4.2.2.3: Support study of AI/ML-based time-domain CSI prediction with long periodicity of RS transmissions and finer time granularity for CSI predictions.

	CMCC
	Proposal 16: Benchmark of AI/ML-based spatial and/or frequency domain CSI prediction needs to be studied, the following two options can be considered for non-AI based on sparse CSI-RS benchmark:
	Option 1: Sample and hold. The channel matrixes for partial measured ports are used as the CSI for adjacent ports. The channel matrixes for measured RBs are used as the CSI for adjacent RBs.
	Option 2: Traditional channel interpolation algorithm

	Xiaomi
	Proposal 6: Define non-AI based scheme to get full CSI based on sparse CSI-RS as the baseline scheme for evaluation of AI based CSI prediction in frequency and/or spatial domain.
Proposal 7: Prioritize offline training for AI/ML based CSI prediction in frequency and/or spatial domain.
Proposal 8: Prioritize UE-side model for AI/ML based CSI prediction in frequency and/or spatial domain, and NW-side model is not precluded.
Proposal 9: Consider CSI-RS overhead reduction in spatial and/or frequency domain via non-AI/ML based methods or AI/ML assisted methods.

	vivo
	Proposal 12:	Study non-AI-based and AI-based frequency and/or spatial domain CSI prediction at least at UE side.
Proposal 13:	Study non-AI-based and AI-based time domain CSI prediction at UE side
· Reuse non-AI-based and AI-based time domain CSI prediction in NR with N_4=1 only as a starting point
Proposal 14:	Study AI-based cross beam CSI prediction with UE side model.

	IMU
	Proposal 1: 	Include both low-overhead CSI-RS or CSI prediction with AI/ML, CSI compression and feedback for the initial 6GR study.
Proposal 2: 	Consider a study on robust measurement collecting for different mobility schemes in AI/ML-enabled scenarios. Multiple periodicities per resource configuration may be considered.

	BJTU
	Proposal 4: Support further study specification impacts for the one-sided CSI prediction use case in 6GR.
•	Definition: The model input is the historical CSI, and the output is the predicted future CSI.
•	Assumption on model location for inference: UE-sided model.
•	KPI: NMSE, SGCS, spectral efficiency, computational complexity.

	NEC
	Proposal 4:	Study low-density CSI-RS pattern at least for AI/ML-based CSI frequency domain prediction for both NW-sided and UE-sided AI/ML model. Both target density and actual density need to be indicated for AI/ML based CSI frequency domain prediction.

	Samsung
	Proposal #17: Study UE-side model-based CSI-RS prediction, consider the following three cases where SD density is defined as the ratio (M/N) between the number of measured CSI-RS ports (M) and the number of ports for CSI report (N) and FD density defined as the average density of each measured CSI-RS port per PRB.

-	Case 1: Spatial-domain (SD) prediction: CSI-RS measurement on M ports and CSI report for N ports, where M<N (SD<1).  
-	Case2: Frequency-domain (FD) prediction: CSI-RS measurement with frequency domain density (FD <1). 
-	Case3: Joint spatial/frequency-domain (SFD) prediction: CSI-RS measurement with SD<1 and FD<1.  
Proposal #18: For UE-side model-based FD CSI prediction, further study the feasibility and benefits of prediction across frequency units, e.g., across BWPs/CCs.
Proposal #19: For UE-side model-based temporal-domain CSI prediction, to avoid repetition from Rel-18 and Rel-19 study, focus the study on aspects that were not covered such as 
-	large number of ports (>32 ports)
-	methods for measurement overhead reduction, e.g., usage of P/SP CSI-RS with AP CSI-RS.

	Nvidia
	Proposal 3: Study sparse CSI-RS with AI/ML for CSI feedback in 6GR.
•	Model input: sub-sampled CSI-RS in frequency/port domain
•	Model output: full channel for deriving CSI feedback
•	Training type: offline training; optional online finetuning
•	Model location for inference: UE side
•	Collaboration/interaction between UE and NW: Case 1) no collaboration; Case 2) joint CSI-RS pattern and estimator learning 
•	Potential specification impact: sparse CSI-RS profiles, signaling, UE capability
Proposal 5: Study AI/ML for network-side, and joint UE-network CSI prediction in 6GR.

	Apple
	Proposal 2-2-1: For frequency/port domain low overhead CSI-RS with AI/ML, 
•	For UE side model, study the generalization performance with respect to different port dimension down-sampling pattern. 
•	Define association ID based on the generalization study. 
•	For CSI-RS overhead reduction, further study the CSI-RS design, port indexing and codebook mapping. 
Proposal 2-2-2: For frequency/port domain low overhead CSI-RS with AI/ML, 
•	For NW side model, the evaluation study depends on the codebook design for channel feedback quantization. 
•	Study two-sided model under AI based CSI compression.  
Proposal 2-2-3: For 6G SI on AI/ML use case, further study CSI prediction across different antenna to port virtualization, to enable efficient, low overhead type 2 spatial domain NW engery saving. 
•	For UE side model, study the generalization performance with respect to different antenna to port virtualization pattern. 
•	Define Association ID signaling and related applicability report procedure
Proposal 2-2-4: NR use cases - AI based temporal CSI prediction is part of 6G day 1 AI/ML use cases.
Proposal 2-2-5: For cross carrier/BWP CSI prediction, study the scalability aspect with respect to different measurement bandwidth/gap bandwidth and prediction bandwidth. 
Define the KPI as the SGCS ratio = SGCS_1/SGCS_2 when e-type II codebook is used as quantization method.
Proposal 2-2-6: For cross carrier/BWP CSI prediction, further study 
•	Identify whether association ID is needed and corresponding applicability procedure
•	SCell activation/SCell dormancy/BWP switching procedure enhancement based on predicted CSI 
•	Data collection, inference configuration/reporting and performance monitoring aspects

	Lenovo
	Proposal 18: Study and evaluate separate and joint FD and SD CSI prediction with UE-sided AI model in 6GR.

	Fujitsu
	Proposal 14	RAN1 to consider AI/ML based CSI-RS overhead reduction as a candidate use case for 6GR study, and the overhead reduction in spatial domain, frequency domain or combinations could be considered.
	Expected benefit: reduced overhead for CSI-RS as shown by simulation results, i.e., around 75% overhead reduction.
	FFS TX port down-sampling pattern vs. AI-reconstruction performance.

	LG
	Proposal #23: Prioritize AI/ML-based spatial/frequency domain CSI prediction (sub-use case A and B).
Proposal #24: Prioritize cross-frequency CSI prediction (sub-use case C).

	ETRI
	Proposal 15: Study the introduction of low-overhead CSI-RS and AI/ML-based CSI prediction procedures for 6G systems.
Proposal 16: Study the introduction of low-overhead or sparse CSI-RS with AI/ML-based CSI prediction in the frequency and spatial domains (Sub-Case A).
Proposal 17: Study CSI prediction in time domain on top of Rel-19 CSI prediction (Sub-Case B).
Proposal 18: Study CSI prediction cross carrier/band/frequency band for low-overhead CSI-RS (Sub-Case C).
Proposal 22: Study low-density CSI-RS-based CSI measurement and reporting in 6GR.

	Ericsson
	Proposal 8	Study approaches to reduce CSI-RS overhead for DL data transmission with very large number of antenna ports, including both AI and non-AI based methods, and both UE-sided spatial/frequency domain CSI prediction and NW-sided spatial/frequency domain CSI prediction.
Proposal 9	For UE-sided spatial/frequency domain CSI prediction for CSI-RS overhead reduction, study at least the following non-AI based approaches:
a.	Combination of sparse CSI-RS port transmission with less frequent full CSI-RS port transmission. 
b.	Linear interpolation of partial CSI based on the sounded subset of CSI-RS ports
c.	Set the channel coefficients to zeros for the muted CSI-RS ports
Proposal 10	For spatial CSI prediction based CSI-RS overhead reduction, for both AI and non-AI based solutions, further study the following aspects:
a.	System level performance with practical simulation assumptions (e.g., longer CSI-RS periodicity, practical channel estimation for CSI-RS, CSI feedback type).
b.	Evaluate the impact of partial CSI-RS sounding patterns and consider different CSI-RS overhead reduction ratios.
c.	Identify scenarios and configurations where AI based solutions can provide link/system-level performance benefits compared to non-AI based solutions.
d.	Specification impact (e.g., partial CSI-RS sounding pattern design and configuration, inference related aspects, data collection, performance monitoring).
Proposal 17	Study NW-assisted beamformed CSI-RS based CSI acquisition as part of the beamformed CSI-RS solution in 6G.
Proposal 21	Adopt 5G AI/ML CSI prediction use case in 6GR. Enhance 5G NR Rel-19 AI/ML CSI prediction feature to 6GR to support longer CSI-RS periodicities (e.g., 20ms) in practical deployments.

	Panasonic
	See section 6.5

	Sony
	Proposal 7	: Consider time-domain CSI prediction with AI/ML, as studied in Release 19, as a starting point, and prioritize UE-side model deployment for CSI-RS overhead reduction.
Proposal 8	: Support CSI prediction across frequency bands, where the channel state in non-CSI-RS-configured subbands can be inferred based on measurements or channel estimates from CSI-RS-configured subbands.
Proposal 9	: Support the study extension of Release 19 AI/ML-based beam prediction for CSI-RS overhead reduction.
Proposal 10	: Support sparse CSI-RS configuration for overhead reduction enabled by AI/ML.
•	Frequency domain: CSI-RS configurations with reduced density in the frequency domain, lower than those specified in 5G NR, should be designed. AI/ML-based models can then infer the full resource-grid channel state from measurements or estimates obtained from this sparse CSI-RS pattern.
•	Spatial domain: AI/ML can also be leveraged to predict the channel state for the ports that do not have CSI-RS configured, based on CSI-RS measurements or channel estimates from a minimal subset of ports where CSI-RS is actually transmitted.

	NTT DCM
	Proposal 2-4
	Study the lower frequency domain (e.g., < 1/16 density for 256 ports) density with AI/ML CSI prediction using the NW-sided model and study corresponding specification impact, e.g., data collection for NW-sided model training.
Proposal 2-5
	Study the port domain low-density CSI-RS with AI/ML-based CSI prediction using the NW-sided model.
	Study the corresponding specification impacts, e.g., data collection for NW-sided model training.
Proposal 6-2
	Study cross-frequency/band/carrier CSI prediction for UE measurement overhead reduction.
	Include the prediction with AI/ML or non-AI/ML solutions.
	Include the prediction at the NW- or UE-side (NW-sided or UE-sided model for AI/ML).
	The study on prediction at the NW side can be combined with the CSI-RS overhead reduction.
	Study the overhead reduction and performance-complexity trade-off of different prediction schemes.
	For AI/ML predictions, study the potential specification impacts, including the prediction configuration, reporting, and LCM-related issues.
Proposal 6-3
	Study port-domain CSI prediction at the NW side for UE measurement overhead reduction.
	Note: This study can be combined with the CSI-RS overhead-reduction study.
	Study port-domain CSI prediction at the UE side for UE measurement overhead reduction.
	Study the measurement effort reduction, performance, complexity, and energy consumption for port-domain CSI prediction at the UE side to justify its potential benefits.
	Study the potential specification impacts, including the decoupling between the CMR/CSI-RS ports and the CSI/PMI ports, e.g., explicit indications of SD port information of the CSI-RS.

	ATT
	Proposal 11	Further in-depth evaluation is needed on the pros and cons of UE-sided models and NW-sided models for AI/ML-based CSI-RS overhead reduction.

	Qualcomm
	Proposal 22: Study enhancement on AI/ML-based CSI prediction and feedback, including the use of DMRS for interference measurement and prediction for CSI feedback to more accurately reflect UE’s decoding performance at future slots.

	KDDI
	See section 6.5

	Rakuten
	Proposal 5: RAN1 is invited to study the definitions of interfaces and procedures enabling AI/ML-driven CSI acquisition and enhancement, including:
•	predictive CSI techniques;
•	adaptive CSI management procedures.
Proposal 7: RAN1 to evaluate techniques of the above directions using common baselines and KPIs including SGCS/NMSE and throughput vs overhead, considering scalability/generalization and practical impairments.

	ASUSTek
	See section 6.5



LCM for CSI prediction
	Company
	Proposal

	Nokia
	Proposal 30.	Study the benefits of supporting fine-tuning for inference-based CSI prediction in time domain as part of LCM procedures.

	Huawei/HiSilicon
	Proposal 13: For frequency and/or spatial domain CSI prediction with sparse/low overhead CSI-RS with AI/ML, at least the following LCM aspects need to be further studied.
-	Study data collection for label acquisition for NW-sided model, e.g., report of CSI measured from dense CSI-RS resources.
-	Study full/dense CSI-RS mapping pattern for label acquisition as well as long-term channel information acquisition.
-	Study enhanced CSI report types as model input or model output.
-	Study report of label/metric for NW-sided and/or UE-sided model monitoring.
-	Study specification enabler for continuous learning.

	BJTU
	Proposal 3: For AI/ML model training for CSI feedback enhancement, study the benefits of using data-augmented training compared to non-augmented training, and potential specification impact related to training data type and training data source determination for training data collection.
Proposal 6: For the performance monitoring of AI/ML based CSI prediction with UE-side model, Type 1 and Type 3 performance monitoring should be prioritized for discussion. The intermediate KPI-based model performance monitoring should be prioritized.

	Offino
	Proposal 7. Study AI/ML-based DL CSI acquisition with sparse CSI-RS design by considering the following aspects:
•	Training/inference methodologies for full-port CSI reconstruction
•	Potential enhancements to the CSI reporting framework to ensure robust and efficient operation in 6G

	NEC
	Proposal 16:	Establish an Association ID (AID) based framework for sparse-to-full CSI reconstruction.
•	Utilize an AID to identify the specific sparse pattern configuration and its associated AI/ML model constraints (e.g., target port count).

	Honor
	Proposal 10: Support performance monitoring via L1 CSI reports.
Proposal 11: Regarding spatial–frequency domain CSI prediction, study performance monitoring mechanism, including:
-	How to determine the root causes of performance degradation, e.g., RS pattern or model generalization issues
-	How to reduce RS overhead for label acquisition.

	ETRI
	Proposal 19: Study LCM procedures for low overhead CSI-RS and AI/ML-based CSI prediction on top of Rel-19 specifications.

	Sony
	Proposal 11	: Support specific CSI-RS configurations in frequency and spatial domains for data collection: high-density CSI-RS for label data obtainment, legacy-density CSI-RS for conventional 5G NR CSI acquisition, and sparse-density CSI-RS as input for AI/ML model.


Annex 5 CSI-RS design 
4. [bookmark: _Ref220577980]
Port number of CSI-RS
	Company
	Proposal

	Nokia
	Proposal 3.	Study and identify antenna array configuration options applicable for CSI acquisition purposes in 6GR.
Proposal 4.	5G Rel-20 CSI-RS design up to 128 APs should be used as a baseline for 6GR CSI-RS design for CSI acquisition.

	Spreadtrum
	Proposal 13: Regarding the number of ports for a single CSI-RS resource, support up to 128.

	InterDigital
	Proposal 1: Support increasing the number of CSI-RS ports, e.g., up to 256 to enhance spectral efficiency, reliability, and coverage.

	Huawei, HiSilicon
	Proposal 6: 6GR should study CSI-RS design supporting up to 512 ports per resource.

	OPPO
	Proposal 3: It is sufficient to support CSI-RS design and CSI report for up to 256 ports.

	TCL
	Proposal 1 : For the maximum CSI-RS antenna ports, support up to 256 antenna ports for the first release in 6GR.

	ZTE
	Proposal 11: For 6G-R CSI-RS design, support up to 256 ports in one single resource, and study at least the following aspects:
‐	One CSI-RS resource can be mapped across RBs or slots;
‐	CSI-RS pattern to support fast CSI acquisition for hybrid beamforming;
‐	CSI-RS power boosting to improve the coverage.

	CATT
	Proposal 17: The following design aspects are considered in CSI-RS design in 6GR:
•	Large number of CSI-RS ports (128 or more)
•	Study whether to define CSI-RS resources with large number of ports via single resource or resource aggregation
•	Low (time/frequency/spatial domain) overhead CSI-RS design

	Tejas
	Proposal 4	NR baseline design of aggregating multiple CSI-RS resources within a single CSI-RS resource set should be considered as a starting point for 6G CSI-RS design, while extending its support for larger antenna ports up to 256.

	Xiaomi
	Proposal 3: Consider up to 256 antenna ports at least for new spectrum.

	vivo
	Proposal 4:	Study a CSI-RS resource with X-ports, where X can be up to 256 or 512.

	Google
	Proposal 1: Support the CSI acquisition for up to 256 ports CSI-RS

	NEC
	Proposal 1:	In 6G Day1, support CSI-RS with up to 256 ports, including 1, 2, 4, 8, 12, 16, 24, 32, 48, 64, 128, 256.

	Samsung
	Proposal #20: In 6GR, support CSI-RS with the following design requirements wrt to number of antenna ports
•	Support the same set of antenna ports number as in 5GR systems
•	Extend the maximum number of supported antenna ports up to 256
•	FFS support of antenna ports in the range from 128 to 256

	Apple
	Proposal 2-1-1: Study CDM16 structures to enable native single-slot 128-port and 256-port (if justified) CSI-RS patterns
•	For 128-port, also consider CDM8 and compare with CDM16 structures

	Lenovo
	Proposal 1: Support increasing the number of CSI-RS ports to at least 256.

	Fujitsu
	Proposal 2	The number of CSI-RS ports should be increased at least to 256.
	FFS whether to support 512 CSI-RS ports.

	LG
	Proposal #18: For 6GR, strive for unified CSI-RS design to support upto X-ports CSI-RS. FFS on X (e.g., 256 or 512).

	Sharp
	Proposal 1: RAN1 should study CSI-RS design for over 128 ports and consider overhead reduction in port or frequency or time domain.

	Honor
	Proposal 4: Study the NR flexible time‑frequency‑domain CSI‑RS configuration framework as a baseline for 6GR, and further study the design CDM patterns for different number of ports, e.g., 256 ports.

	ETRI
	Proposal 1: Support at least 256 CSI-RS ports in 6GR.
•	FFS: 512 CSI-RS ports

	Ericsson
	Proposal 1	Study the need for extending the maximum number of supported CSI-RS ports to 256 and which intermediate non-power-of-two numbers of ports to support beyond those supported in NR.

	Panasonic
	Proposal 2	Study to support increasing the number of CSI-RS ports up to at least 256 ports.

	Sony
	Proposal 1	: RAN1 should investigate increasing the number of CSI-RS ports beyond 128. For example, 256 or 512 CSI-RS ports can be supported.

	NTT DCM
	Proposal 2-1
	For CSI-RS in 6GR, study to increase the number of ports e.g., up to 256.

	Qualcomm
	Proposal 2: Identify the scenarios in which supporting more than 128 CSI‑RS ports deliver meaningful performance gains.



Basic methodology to support CSI-RS ports larger than 32
	Company
	Proposal

	Nokia
	Proposal 5.	6GR should strive for reusing of existing 5G CSI-RS design principles for potential new 6GR antenna array configurations with CSI acquisition.
Proposal 6.	Study existing CSI-RS resource mappings with different number of antenna ports and densities as well as number of aggregated CSI-RS resources to support new 6GR antenna array configurations for CSI acquisition.

	Spreadtrum
	Proposal 13: Regarding the number of ports for a single CSI-RS resource, support up to 128.

	InterDigital
	Proposal 5: Support Rel-19 design of aggregating larger number of CSI-RS antenna ports across multiple CSI-RS resources in a CSI-RS resource set.
Proposal 6: Study aggregation of both homogenous and heterogenous CSI-RS resources in a CSI-RS resource set to support a larger number of CSI-RS antenna ports.

	Huawei, HiSilicon
	Proposal 6: 6GR should study CSI-RS design supporting up to 512 ports per resource.

	TCL
	Proposal 2 : For achieving large CSI-RS antenna ports, the following two options should be discussed:
	Option 1: Single CSI-RS resource covers the large CSI-RS antenna ports, e.g. single CSI-RS resource with 256 antenna ports.
	Option 2: Multiple CSI-RS resource covers aggregate to the large CSI-RS antenna ports, e.g. 256 CSI-RS antenna ports are aggregated with multiple CSI-RS resources.
	FFS: whether the maximum antenna ports for each CSI-RS resource need to extend to more than 32 ports for 6GR or not.

	ZTE
	See section 6.1

	CATT
	See section 6.1

	Tejas
	See section 6.1

	Xiaomi
	Proposal 4: Support lean CSI-RS design for large antenna ports, i.e., a single CSI-RS resource to support large antenna port number.

	vivo
	See section 6.1

	Google
	Proposal 2: Support port aggregation based on multiple CSI-RS resources
•	Some CSI-RS resources can be shared for UEs with different capabilities and different energy saving status
•	Some CSI-RS resources can be shared for 5G and 6G UEs

	NEC
	Proposal 2:	Design a unified per CSI-RS resource mapping in unit of CDM group for all supported number of CSI-RS ports, and NR CDM group for CSI-RS can be as starting point.

	Samsung
	See section 6.3

	BeammWave
	Proposal 
RAN1 to study scalable CSI-RS designs for 6G that:
•	Extend NR CDM and frequency interleaving to support a substantially larger number of simultaneous CSI-RS port measurements
•	Provide CSI-RS structures that are compact in time (1–few OFDM symbols) to reduce dependency on long CSI-RS periodicity
•	Explicitly support configurable processing gaps between CSI-RS occasions (e.g., ≥20 ms) for lower UE complexity
•	Enable efficient operation for hybrid and digital beamforming while maintaining compatibility with analog architectures through flexible configuration options

	Apple
	See Section 6.1

	Lenovo
	Proposal 4: RAN1 to discuss which design option for CSI-RS RE mapping patterns is supported in 6GR MIMO
•	Option 1: Reuse 5G-NR design principle
•	Option 2: A new design approach for all possible number CSI-RS ports.

	Fujistu
	Proposal 3	For the CSI-RS pattern with the larger number of antenna ports, the following two solutions should be considered,
	Solution 1: similar as the CSI-RS design in 5G, the total ports can be aggregated from multiple CSI-RSs, and each CSI-RS is configured with up to 32 ports.
	Solution 2: the total ports can be generated by a new CSI-RS pattern without the CMR aggregation.

	Honor
	See section 6.1

	ETRI
	Proposal 12: Consider two approaches for 6GR CSI-RS design to support up to 256 (or 512) ports.
•	Alt-1: Reuse Rel-19 framework by aggregating multiple CSI-RS resources (each ≤32 ports) to scale up to 256 (or 512) ports
•	Alt-2: Support up to 256 (or 512) ports within a single CSI-RS resource

	Ericsson
	Proposal 2	In 6GR Study, consider configuration of CSI-RS with more than 32 ports within single, standalone CSI-RS resource as the starting point.

	NTT DCM
	See section 6.3



[bookmark: _Ref220579302]CSI-RS pattern
	Company
	Proposal

	Futurewei
	Proposal 7: Investigate low overhead CSI-RS designs with structured mapping between CSI-RS port and RE in spatial, frequency and time domain to facilitate low complexity joint channel estimation algorithms.

	Spreadtrum
	Proposal 15: Consider CSI-RS RE pattern as aggregated by one or multiple component RE patterns.

	OPPO
	Proposal 4: Unified design for CSI-RS resources with different number of antenna ports in 6G
•	The same resource aggregation mechanism can be applied to different number of CSI-RS ports, e.g. aggregation of CDM blocks.
•	Support spanning in time/frequency domain for large number of antenna ports.

	ZTE
	See section 6.1

	Xiaomi
	Proposal 5: Try to reuse/extend NR CSI-RS pattern to support for both P<=32 and P>32 (e.g., via RB/slot bundling in frequency/time domain for large antenna port number).

	vivo
	Proposal 5:	A CSI-RS resource with X-ports (e.g., 128/256/512 ports) is mapped to M RB(s)
-	Option 1: M RB (s) can be contiguous M RBs in frequency domain within a single slot 
-	Option 2: M RB (s) can be contiguous M/2 RBs in frequency domain across two consecutive slots
Proposal 6:	To study M RB mapping pattern for a CSI-RS resource with X-ports (e.g., 128/256/512 ports)
-	port mapping pattern across M RBs
-	frequency domain allocation across M RBs
Proposal 7:	The CDM type and CDM group size within a CSI-RS resource should be same.
-	Study to simplify 5G signal design by reducing supported CDM types (e.g., support CDM-2 only).

	Samsung
	Proposal #21: In 6GR, configuration of CSI-RS pattern should be supported over configurable time-frequency unit, which can be denoted as CSI-RS cluster
•	CSI-RS cluster is defined as set of adjacent PRBs and slots where CSI-RS pattern is configured
•	CSI-RS cluster should have configurable size and support single PRB and single slot configuration as special case
•	The maximum number of PRBs and slots per CSI-RS cluster should be limited to minimize phase and amplitude drifts due to channel
FFS maximum CSI-RS cluster dimensions
Proposal #22: 6GR design should focus on coverage aspects of CSI-RS
•	Strive to achieve full power CSI-RS design to guarantee 6GR coverage in new frequency bands comparable to 5GR system
Proposal #23: For 6GR CSI-RS design assume maximum power boosting of 6dB according to RAN4 LS in R1-103331.
Proposal #24: Study efficient support of low capability UEs wrt to number of CSI-RS antenna ports
•	Consider time-frequency resources sharing between full port and reduced port CSI-RS by using nested properties of CDM groups and OCC sequences

	Apple
	Proposal 2-1-2: Study 2 RBs × 8 Symbols as the baseline resource grid for native 128-port CSI-RS patterns considering CDM8 and CDM16
Proposal 2-1-4: Study 3 RBs × 8 Symbols as the baseline resource grid for native 256-port CSI-RS patterns, provided there is a justification to go beyond 128 ports
Proposal 2-1-6: Study different time-domain mapping of CSI-RS patterns considering trade-off between latency vs overhead vs diversity for different scenarios including single-slot and multi-slot mapping

	Ericsson
	Proposal 3	Study approaches to larger number of CSI-RS ports in standalone single CSI-RS resources (e.g., CSI-RS resource defined in a single PRB vs across PRB boundaries, CSI-RS resource defined within a single slot vs across slot boundaries).
Proposal 4	Study the need and approaches for improving CSI-RS coverage for large arrays with large number of CSI-RS ports.
Proposal 6	For efficient MRSS operation, avoid NZP- and ZP-CSI-RS pattern constraints between NR and 6GR.

	Panasonic
	Proposal 5	Study the usage of designated time/frequency resources unavailable for other channels in 6GR

	Sony
	Proposal 4	: RAN1 should study different types of CSI-RS configurations with reduced density, such as TDM- and FDM-like CSI-RS configurations. TDM-like CSI-RS may offer superior channel estimation, while FDM-like CSI-RS may enable quick transition to a low-energy-consumption state for the TRP and UEs.

	NTT DCM
	Proposal 2-2
	For CSI-RS in 6GR, study new RE and CDM pattern considering following: 
	New RE pattern with larger CDM size, e.g., with larger FD-OCC length 
	Single-slot CSI-RS allocation as the baseline, with study on multi-slot CSI-RS allocation 
	Nested structure between large and small number of ports should be maintained 
	Support of low frequency domain density which is less than 1/2

	ATT
	Proposal 9	For 6GR DL RS-based channel estimation, consider the following:
•	RS overhead reduction focusing on scenarios with large number of Tx ports.
•	Relaxation of RS reception per occasion across time based on UE capability limitations.
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	Company
	Proposal

	Nokia
	Proposal 9.	6GR should strive for a common CSI-RS design framework that enables the co-existence of different modes (e.g. classical and AI/ML) of CSI acquisition in 6GR.
Proposal 10.	 6GR CSI acquisition framework to accommodate coexistence of UEs with different capabilities (e.g., in terms of maximum number of CSI-RS ports, or support of interpolation/prediction), including provisioning flexibility in selecting port group(s) for each UE.

	Spreadtrum
	Observation 2: Full/partial port sharing between different CSI-RS resources is important to achieve downlink overhead reduction.

	MTK
	Proposal 2.2.1.1: When studying CSI-RS overhead reduction for 6GR, any proposed scheme, whether AI-based or non-AI-based, must be evaluated on its ability to provide a net system-wide overhead reduction across a realistic population of UEs with diverse capabilities.

	vivo
	Proposal 8:	CSI-RS sharing between sparse and regular CSI-RS needs to be considered in the CSI-RS design, including:
-	CSI-RS RE sharing across multiple CSI-RS resources with different port numbers
-	CSI-RS RE sharing across multiple CSI-RS resources with different densities.

	Google
	See section 6.2

	Samsung
	See section 6.3

	Ericsson
	Proposal 7	Study improved integration of spatial domain and power domain NES features for CSI-RS, and a common partial port transmission framework for supporting NES and OH reduction.

	KDDI
	See section 6.5



CSI-RS overhead reduction
	Company
	Proposal

	Nokia
	Proposal 7.	Study new frequency domain antenna port densities, e.g. 1/16 and 1/32, for 6GR CSI-RS design and how reduced frequency domain antenna port densities impact PMI selection. 
Proposal 8.	Study spatial domain antenna port design, e.g. baseline spatial domain antenna port densities and sparse patterns, for 6GR CSI-RS design and how reduced spatial domain antenna port densities impact PMI selection.
Proposal 12.	For supporting large antenna arrays in 6GR, study the need to (flexibly) adapt at least the number of antenna ports transmitted in a CSI-RS resource without necessarily changing the RS overhead.

	Spreadtrum
	Proposal 5: Study mechanism to support dynamic port on/off switching for channel measurement RS.

	InterDigital
	Proposal 2: Study methods beyond frequency-domain CSI-RS density reduction to reduce CSI-RS overhead in 6GR.

	Huawei/HiSilicon
	Proposal 7: 6GR MIMO should study low-overhead CSI-RS design, whilst maintaining acceptable CSI measurement accuracy.
Proposal 8: 6GR MIMO shall study optimizing CSI-RS overhead and performance trade-off via using long-term channel information.

	OPPO
	Proposal 6: Multiple frequency densities can be considered for CSI-RS in 6G day 1, e.g. 1/0.5/0.25. FFS smaller values.

	TCL
	Proposal 13 : Different low overhead CSI-RS patterns, e.g., uniform and non-uniform, need to be evaluated.

	CATT
	Proposal 12: For 6GR CSI prediction, study AI/ML-based CSI prediction with frequency/spatial domain sparse CSI-RS to reduce CSI-RS overhead.

	Tejas
	Proposal 5	Study comprehensive and realistic mechanisms to minimize CSI‑RS overhead in large antenna‑port deployments and include the overhead‑reduction capabilities from day 1 of 6GR.  
Proposal 6	Study CSI-RS overhead reduction mechanism from the perspective of guaranteed benefits in terms of throughput gain, network energy consumption and CSI processing complexity.
Proposal 7	FD CSI-RS overhead reduction can be considered for the support extension to 256 or more antenna ports in 6G.
Proposal 9	CSI‑RS design should support port‑domain overhead reduction to address the increasing CSI‑RS burden associated with large antenna‑port configurations.
Proposal 10	Port‑domain CSI‑RS overhead reduction, using sparser CSI‑RS patterns, can be efficiently achieved even for traditional, AI‑unaware UEs, by leveraging spatial flatness in either the azimuth or elevation dimension.
Proposal 11	6G should study techniques that enable the CSI framework to support occasional full‑port CSI‑RS sounding and frequent partial‑port sounding, thereby reducing port‑domain CSI‑RS overhead while maintaining CSI accuracy and requiring no enhancements to UE’s receiver algorithms.
Proposal 13	For the reduced FD density virtual full-port CSI-RS configurations in 6G, consider compact and contiguous allocation in frequency/time domains to minimize channel variations across the CSI-RS ports. 
Proposal 14	For CSI-RS resources configured with a reduced frequency-domain density, ρ < 0.5, support to study RB level offsetting that applies RB-level offset to the NZP CSI-RS resource set representing the full CSI-RS ports, for additional mapping flexibility.
Proposal 15	For CSI-RS resources configured with a reduced frequency-domain density, ρ < 0.5, support to study RB level hopping that applies RB-level shift to the NZP CSI-RS resource set representing the full CSI-RS ports, across CSI occasions, for enabling inter-slot CSI-RS hopping.

	NEC
	Proposal 3:	Study flexible sparse CSI-RS resource mapping patterns in frequency and spatial domains.
•	Frequency-domain (FD) sparsity: Study Uniform Frequency Selection (UFS) based on deterministic RB-level offsets/spacing and Pseudo-Random Frequency Selection (P-RFS) based on sequence-generated masks to enhance reconstruction robustness.
•	Spatial-domain (SD) sparsity: Study Uniform Port Selection (UPS) and Pseudo-Random Port Selection (P-RPS) for port sub-sampling, where selection rules prioritize the preservation of CDM-group integrity to maintain orthogonality.

	Lenovo
	Proposal 6: 6GR MIMO to consider the following in the CSI-RS overhead reduction study 
•	DMRS-based CSI measurements and reporting
•	Non-orthogonal CSI-RS sequence design
•	Dynamical adjustments of CSI-RS transmission intervals based on CSI validity

	Fujitsu
	Proposal 4	The CSI-RS overhead reduction should be studied in frequency-domain and spatial domain.

	LG
	Proposal #19: Study low overhead CSI-RS design applicable to both non-AI UEs and AI-capable UEs.

	Sharp
	See section 6.1

	Honor
	Proposal 5: Study sparse RS mapping, including:
-	The optimal port-RB selection pattern, e.g., whether to simultaneously support uniform port-RB pattern or non-uniform port-RB pattern.
-	The flexible ports multiplexing schemes, e.g., the mapping rule from selected ports to the CDM groups.

	ETRI
	Proposal 14: Support density reduction mechanisms in frequency and spatial domains for 6GR CSI-RS.

	Panasonic
	Proposal 4	Study time/frequency/spatial domain CSI-RS overhead reduction techniques based on AI/non-AI based methods that would mitigate the issues of phase discontinuity and sparse sampling in frequency.  

	Sony
	Proposal 2	: RAN1 should investigate techniques to efficiently increase the number of CSI-RS ports, both within a single TRP and across multiple TRPs. Adopting the frequency densities of 1/3, 1/4, 1/6, and 1/8 introduced for 5GA can be a good starting point.
Proposal 5	: To accommodate rapid changes in the channel's large-scale parameters, such as delay spread, RAN1 should develop a mechanism to rapidly adjust the density of CSI-RS transmissions.
Proposal 19	:Support time-domain adaptation of CSI-RS and on-demand CSI-RS provisioning mechanisms.

	NTT DCM
	Proposal 2-3
	For supported CSI-RS frequency domain density lower than 1/2, the density scaling consistent with Rel-20 MIMO should be studies as a starting point, e.g., 1/8 for 128 ports and/or 1/16 for 256 ports, with considering estimation accuracy at lower density.

	ATT
	Proposal 10	For non-AI/ML based channel estimation, the following approaches are evaluated:
(1)	Frequency domain CSI-RS reduction: lower frequency density, or pre-configured frequency-domain pattern(s).
(2)	Port domain CSI-RS reduction: muting a pre-configured subset of CSI-RS ports based on knowledge of the antenna configuration (N1 and N2 configuration).
•	FFS: Combinations of frequency-domain and port-domain CSI-RS reduction schemes.
•	FFS: RB and/or port hopping/alternation across different CSI-RS transmission occasions.

	Qualcomm
	Proposal 3: Study the impact of lowering the CSI-RS frequency-domain density via link-level simulation.
Proposal 4: Study the feasibility and necessity of port muting and interpolation as a mechanism for reducing CSI‑RS overhead.  
Proposal 5: UE always reports X-port CSI based on X -port CSI-RS.  Whether or not to perform interpolation on the X -port CSI to derive Y-port CSI (Y>X) should be part of network implementation.  
Proposal 6: CSI-RS overhead reduction design should be based on performance-overhead-complexity trade-off.
Proposal 7: Both AI‑based and conventional (non‑AI) receivers should be capable of estimating the CSI‑RS ports even under reduced density in the frequency domain and/or the array domain.

	KDDI
	Proposal 2: Study mechanisms for CSI acquisition overhead reduction to support spatial domain muting, including:
	AI/ML-based approaches (e.g., CSI prediction/compression)
	Scalable CSI reporting using Sub-PMI (e.g., reconstruction via matrix operations) to support multiple antenna configurations with a single report
	Common configuration frameworks to avoid per-pattern measurements (e.g., measuring a common CSI-RS set to derive CSI for multiple muting hypotheses)

	Rakuten
	Proposal 6: RAN1 is invited to study downlink-based CSI acquisition with reduced measurement overhead, focusing on: 
•	CSI-RS density reduction;
•	time-domain CSI acquisition/prediction to reduce measurement periodicity;
•	CSI acquisition with reduced beam/port dimensionality considering precoder performance.

	ASUSTek
	Proposal 2: For CSI acquisition, RAN1 considers AI/ML based CSI prediction in spatial domain and/or frequency domain.



CSI-RS sequence

	Company
	Proposal

	Spreadtrum
	Proposal 14: For CSI-RS sequence design, consider PN sequence with UE specific seed as starting point.

	OPPO
	Proposal 7: The CSI-RS sequence in 6GR can take NR as starting point.

	Lenovo
	Proposal 7: In 6GR, study low PAPR CSI-RS sequence design.

	Ericsson
	Proposal 5	Study approaches to mitigate high PAPR and false PMI phenomena, including at least port-specific CSI-RS sequence allocation.



CSI-RS time domain type

	Company
	Proposal

	Spreadtrum
	Proposal 4: Consider CSI measurement over aperiodic, periodic and semi-persistent RS.

	InterDigital
	Proposal 4: Support periodic, semi-persistent, and aperiodic time-domain behaviours of CSI-RS for 6GR.

	TCL
	Proposal 3 ：For 6GR, semi persistent and aperiodic time domain behaviors of CSI-RS resource configurations should be supported. Semi persistent CSI-RS resource configurations can be further refined to achieve the same functionality as periodic CSI-RS configurations.

	MTK
	Proposal 2.3.2: 6GR study re-assesses the need of semi-persistent CSI generation with periodic/semi-persistent RS measurement and aperiodic CSI generation with periodic CSI measurement.
Proposal 2.3.3: Support periodic CSI generation with periodic RS measurement, aperiodic CSI generation with aperiodic RS measurement, event-triggered CSI generation with periodic/aperiodic RS measurement.

	vivo
	Proposal 10:	Periodic CSI-RS and aperiodic CSI-RS in CSI measurement should be prioritized.

	Lenovo
	Proposal 8: In 6GR, at least support periodic and aperiodic CSI-RS transmissions.

	LG
	Proposal #20: For 6GR, support P/SP/AP CSI-RS, and consider burst P/SP CSI-RS as a candidate enhancement.

	ETRI
	Proposal 13: Support periodic, semi-persistent, and aperiodic time-domain behaviors for 6GR CSI-RS.

	Sony
	Proposal 20	: Study UE-triggered mechanisms for on-demand CSI-RS transmission.
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