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Topic 1: Finalization of dataset assumptions

TDL correlation matrix
Agreement:
· Based on the existing demodulation specification for cross polarized antennas
· Medium correlation
· For up to rank 2 for TDL
· Use beam steering approach [with dual cluster beams] and randomized beam directions specified in TS 38.101-4 Annex B.2.3.2.3A

Number of sub-bands
Agreement:
19 (i.e., 18 is replaced by 19) for the dataset, FFS for the model and requirement

To be discussed during Wednesday ad-hoc:
1st priority: 
· 30k SCS, Sub-band size 8, 19 sub-bands
· PRB arrangement: All sub-bands full of PRBs	Comment by Thomas Chapman: My proposal for discussion tomorrow. For the dataset, we create 19 sub-bands, all with full PRBs. This does not correspond to any system bandwidth. However, if there are outer sub-bands partially full of PRBs then there are lots of possibilities and it is not clear which one to take. Let’s not optimize for this corner case, simple use full sub-bands for training.

We can discuss and decide whether to only consider 18 for the model. If we decide 18, we just throw away the unneeded sub-band from the dataset, nothing lost.
2nd priority (TBC if there is time during the SI to complete these):	Comment by Thomas Chapman: For discussion tomorrow - we may need to prioritize in order to get towards an outcome in the remaining meetings.
· 30k SCS, Sub-band size 16, 18 sub-bands
· 15k SCS, Sub-band size 4, 19 sub-bands
· PRB arrangement:
· 15k SCS, Sub-band size 8, 19 sub-bands
· PRB arrangement:



Antenna virtualization
· Agreement:
· 3x1 is adopted

Dataset contents and filename convention
Agreement:
· Use the following dataset format for CSI compression: Number of samples, Real/Imaginary, Subbands, Tx ports and MIMO layers. 
· For the link simulation dataset, the filename format should be “<CompanyID>_<MeetingName>_<ChannelModel>_<TxPorts>_<AntArray>_<SNR>_<Index>.<ext>”
· For the system simulation dataset, the filename format should be “<CompanyID>_<MeetingName>_<ChannelModel>_<TxPorts>_<AntArray>_<Index>.<ext>”

Dataset size
Ad-hoc outcome
· SLS: Per Scenario / TX port number / TX port configuration / SCS / company  - 25k Samples

· LLS: Per Scenario / TX port number / TX port configuration / SCS  / SNR / company –10k Samples
· SNR points are revised to 5, 12.5dB only

Training and testing split
Dataset should consist of training+validation, (90%) testing (10%). 

Topic 2: Model dimensioning
Ad-hoc outcome:

Encoder:
· D_model for the encoder is 64
· N_TF for the encoder 
· 4 is a baseline
· FFS whether 3 could replace 4 if performance is evaluated with larger payload sizes etc.
· FFS whether 2 could replace 4 if performance is evaluated with larger payload sizes etc.
· N_Head and d_head – 8
· D_FF for the encoder 256

Decoder
· Baseline: N_TF 4 and d_model 64
· Check whether increasing the d_model can yield a substantial performance increase considering: N_TF 4 and d_model 128
· Check whether increasing the N_TF can yield a substantial performance increase considering: N_TF 6 and d_model 64
· Complexity should be taken into account. TE vendors and NW vendors should provide a view on an acceptable number.
· N_Head is 8 or 16 (depends on d_model) d_head – 8
· D_FF for the decoder 256
· 

Performance should compare encoder and decoder pairs based on these combinations
· Companies should check performance with the encoder baseline and decoder baseline as a minimum
· Companies recommended to use a dataset of at least 500k samples for checking hyperparameters


Training and testing split
For the CSI compression encoder model alignment, companies provide the following information in RAN4#120:
1. How to implement the Embedding block with zero-padding (Example R4-2606612 5.4.1).
1. How to implement the Positional Embedding block (Example R4-2606612 5.4.2). 
1. How to calculate the total number of parameters
2. Parameters correspond to the trained parameters.
2. Total number of parameters should include input embedding layer and CSI generation blocks

To further facilitate discussion at RAN4#120, in addition to the above, companies are encouraged to present their complexity analysis based on the following spreadsheet: 


Topic 3: Scalability

Relation between 16/32 and 64/128 ports
Further discuss:
Option 1: Separate model (vivo, QC, ZTE, Samsung, OPPO, Apple, E///, Nokia, MTK)
Option 2: adaptation layer (based on the same structure and parameters for 16/32 ports) (CATT)
Option 3: further discuss and decide in the next meeting (HW, CATT, CMCC)

Scalability evaluation basis
· Option 1:
· Discuss whether to agree that for scalability, scalability is confirmed if SGCS loss compared to individual models is <[5] %.
· If SGCS loss is more than [5]%, there is a need to discuss whether to have different models for different scalability dimensions.
· For the SGCS loss:
· Option 1a: the SGCS loss is the average SGCS loss over the related configuration cases
· Other option is not precluded.
· Other option is not precluded.

Sub-band scaling
Agreement:
· It is assumed that training the final model needs to take place with at least low/minimal, medium, high/maximal number (for example [6, 13, 18], or [3, 13, 19]) of subbands to achieve scalability.

CSI payload scaling
Ad-hoc outcome:
The complexity calculation needs to be aligned.
The complexity of adding a linear adaptation layer is acceptable for N_TF < 4. For N_TF=4, might exceed the UE complexity limit. TBC complexity after the complexity calculation is clarified.
The performance difference between adaptation layer and truncation is not significant for small payload sizes
The SGCS performance difference between adaptation layer and truncation is in the range 3 – 10% for large payload sizes (depending on company results)

Other model design issues

Payload quantization
Ad-hoc outcome
· Agree to support [1/8, 3/8, 5/8, 7/8] for Q=2


Model parameter quantization
· Check whether quantized values are needed for TE to ensure reproducible testing across different vendors
· If TE vendors do not need a quantized model then model parameters quantization discussion can be dropped.
· In case quantization is needed, Capture 3 options for further discussion; Vivo proposal, Ericsson proposal and Samsung proposal to use Pytorch.
· BS and UE can use the floating point model and do their own quantization in implementation.
· FFS whether the quantized encoder needs to be captured in 3GPP
· FFS whether float 16 or float 32 is stored in the spec
· Companies encouraged to show results with and without quantization to check how much difference it makes.

Annex A: Link level simulation assumptions summary for dataset
· Dataset consists of Eigenvectors
· Common procedure to select Eigenvectors:
· Select the right eigenvectors corresponding to the top-maximum- layer-number eigen values
· 	Perform column normalization by normalizing the L2 norm of each eigenvector in to 1
· 	Perform phase normalization by subtracting the angle of the first element from the angles of all the elements in each eigenvector
· 15k SCS and 30k SCS
· For 30k SCS, 8 PRB sub-band size, 19 sub-bands
· Sub band arrangement:
· For 30k SCS, 16PRB sub-band size, 18 sub-bands
· For 15k SCS, 4 PRB sub-band size, 19 sub-bands
· Sub-band arrangement:
· For 15k SCS, 8 PRB sub-band size, 19 sub-bands
· Aim to deliver in order 16, 32, 64, 128 ports if datasets are delivered sequentially
· Array configuration:
· 16 TX ports: [8, 1, 2], [4, 2, 2]
· 32 TX ports: [8, 2, 2], [4, 4, 2]
· Vertical sub-array size: 3 elements. Horizontal sub-array size: 1 element.
· TDL channels to be included:
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-10
	TDLA30
	10 Hz

	TDLB100-400
	TDLB100
	400 Hz

	TDLC300-100
	TDLC300
	100 Hz



· Companies should ensure TDL samples are uncorrelated
· Up to rank 2 only for TDL
· Antenna correlation medium (Alpha = 0.3, Beta = 0.6, Gamma = 0.2)
· SNR points: 5 and 12.5 dB SNR
· The channel to use for requirements should be discussed separately in the performance part.


Annex B: System level simulation assumptions summary for dataset

· Dataset consists of Eigenvectors
· Common procedure to select Eigenvectors:
· Select the right eigenvectors corresponding to the top-maximum- layer-number eigen values
· 	Perform column normalization by normalizing the L2 norm of each eigenvector in to 1
· 	Perform phase normalization by subtracting the angle of the first element from the angles of all the elements in each eigenvector
· 15k SCS and 30k SCS
· For 30k SCS, 8 PRB sub-band size, 19 sub-bands
· Sub band arrangement:
· For 30k SCS, 16PRB sub-band size, 18 sub-bands
· For 15k SCS, 4 PRB sub-band size, 19 sub-bands
· Sub-band arrangement:
· For 15k SCS, 8 PRB sub-band size, 19 sub-bands
· Aim to deliver in order 16, 32, 64, 128 ports if datasets are delivered sequentially
· Array configuration:
· 16 TX ports: [8, 1, 2], [4, 2, 2]
· 32 TX ports: [8, 2, 2], [4, 4, 2]
· Vertical sub-array size: 3 elements. Horizontal sub-array size: 1 element.
· Use 38.901 and the following scenarios:
· Urban macro
· Urban micro
· Rural
· Suburban Macro

Annex C: Assumptions and combinations for investigating scalability

TX ports scalability: 
· 16 ports and 32 ports

Sub-band scalability:
· For SCS 15kHz,
· 6 sub-bands, 4 PRB sub-band size;
· 13 sub-bands, 4 PRB sub-band size.
· For SCS 30kHz,
· 6 sub-bands, 8 PRB sub-band size;
· 13 sub-bands, 8 PRB sub-band size;
· 18 sub-bands, 16 PRB sub-band size.

Method for TX ports and sub-bands scalability:
· Zero padding is defined as the zeros being placed at the end of the array
· Train the model with 16 and 32 ports
· Train the model with at least low/minimum, medium and high/maximum number of sub-bands


CSI scalability:

	Rank1
	Rank2
	Rank3
	Rank4

	
	
	
	

	{32, 2}
	{32, 2}, {32, 2}
	
	

	{64, 2}
	{64, 2}, {64, 2}
	{32, 2}, {32, 2}, {64, 2}
	{32, 2}, {32, 2}, {32, 2}, {32, 2}

	{128, 2}
	{128, 2}, {128, 2}
	{64, 2}, {64, 2}, {128, 2}
	{64, 2}, {64, 2}, {64, 2}, {64, 2}

	{192, 2}
	{192, 2}, {192, 2}
	{96, 2}, {96, 2}, {192, 2}
	{96, 2}, {96, 2}, {96, 2}, {96, 2}



Use RAN1 structure for scalability
Layer common model
· For scalability evaluation only, use the following assumptions for hyperparameters in order to obtain comparable results between companies:
· Encoder: N_TF = 4, d_model = 64, d_FF = 256, N_head X d_head = 8 X 8
· Decoder: N_TF = 6, d_model = 64, d_FF = 256, N_head X d_head = 8 X 8

Annex C: Potential proposal for capturing the model in the specification
<Way forward>:
-	XX
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CSI compression complexity sheet.xlsx
Encoder

		Hyper parameters

		N_TF		N_token		d_model		d_head		N_head		d_FF		N_tx		d_max

		4		18		64		8		8		256		32		64

Kazuyoshi Uesaka: Kazuyoshi Uesaka:
Latent size: 32, 64, 128, 192

		Encoder				Transformer(i) x N_TF								199936				Parameters for Transformer

														277888				TF + input embedding + CSI generation

														277.888		k

						Dimension								Parameters				Notes

		Attention																Multi-head attention block is divided by h attention blocks

				W_Q(h)/b_Q		d_model x d_head*N_head + d_model								4160				Weights/bias for Query

				W_K(h)/b_K		d_model x d_head*N_head + d_model								4160				Weights/bias for Key

				W_V(h)/b_V		d_model x d_head*N_head + d_model								4160				Weights/bias for Value

				Total										12480				Total number of parameters per attention block

		Multi-Head Attention

				W_O/b_O		d_model x d_model + d_model								4160				After concatenating attention block outputs, apply W_O and bias

				Total		Attention + W_O								16640				Total number of parameters for multi-head attention block

		FFN

				W_ffn1		d_model x d_FF								16384				Weight to expand the dimension to d_FF

				b_ffn1		d_FF								256				Bias to expand the dimension to d_FF

				W_ffn2		d_FF x d_model								16384				Weight to back to the dimension to d_model

				b_ffn2		d_model								64				Bias to back to the dimension to d_model

				Total										33088

		Multi-Head Attention												16640				Copy from MHA total

		Normalization				d_model + d_model								128				Normalization after MHA, needs beta and gamma, both had dimension of d_model

		FFN				W_ffn1 + b_ffn1 + W_ffn2 + b_ffn2								33088				Copy from FFN total 

		Normalization				d_model + d_model								128				Normalization after FFN, needs beta and gamma, both had dimension of d_model

		Transformer(i)				MHA + FFN + 2 x Normalization								49984				Total parameters for Transformer (single iteration), per I/Q

		Embedding				2 x N_tx x d_model + d_model								4160				Input embedding block

		CSI generation				(N_token x d_model) x d_max + (d_max)								73792				CSI generation block






