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1. Introduction
In RAN1 Adhoc 1901 meeting, following agreements are captured in the chairman’s note as:
Agreement
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint
· FFS: Whether FD compression unit is higher-layer configured or reported by the UE

Agreement
On basis/coefficient subset selection for the first layer, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· The value of K0 is configured via higher-layer signaling
· The number of reported non-zero coefficients can be smaller than or equal to K0
· FFS: Whether the value of M is configurable

Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported  
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Agreement 
On FD compression unit, the FD compression unit is higher-layer configured

Agreement
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices

Agreement
On the values of L, support L={2,4}
· Decide whether to support L=3 and/or L=6 in the future meetings considering the performance-overhead trade-off for different RI values and/or different number of antenna ports 

Agreement

Two values of M are supported. In RAN1#96, down select between the following alternatives ():
· 
Alt1.  
· 
Alt2. 
· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 


Agreement:
 The value of M is higher-layer configured 
· FFS: Whether UE reporting smaller value of M (in addition to the configured M) is supported 

Agreement



Values of N3: For  and NSB is # CQI subbands, when , 


Values of N3: For  and NSB is # CQI subbands, when , downselect among the following alternatives in RAN1#96
· 
Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5

In this contribution, we further discuss on the overhead reduction for Type II CSI and provide evaluation results in order to determine the remaining codebook parameters. Note that discussion on higher rank codebook design and discussion on the quantization method for Type II CSI overhead reduction can be found can be found in our companion contribution [1] and [2], respectively.
2. Discussions on overhead reduction for Type II CSI
In order to reduce the overhead for Type II CSI, in RAN1#95 meeting, DFT-based compression framework has been agreed. In this codebook, precoders for a layer is given by size-matrix

where ,  is the size of frequency domain, is size-matrix,  is the number of combining beams and  is the number of columns in. In the following section, we discuss remaining details for overhead reduction for Type II CSI. 
2.1. Subset selection for layer 0
For subset selection for layer 0, one of the following alternatives will be down-selected in RAN1#96.
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
 Figure 1 and 2 presents the average UPT and 5% UPT with various beta values respectively. It is assumed that 16-port CSI-RS and medium traffic load. Also, each UE is equipped with 2 Rx antenna ports and maximum rank 2 transmission is considered. Note that for rank 2 transmission of compressed schemes, additional layer orthogonality process such as Gram-Schmidt is applied after determining the codebook parameters. Other simulation assumptions are listed in Annex. For fair performance comparison, we consider R=1, L=4 and O3=4. 
· Reference: Rel-15 Type II CSI with L=2 and CodebookMode=2
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Figure 1. Average UPT results with various values
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Figure 2. 5% UPT results with various  values
Observation 1: For both average UPT and 5% UPT, Alt 1 provides the best trade-off between performance and feedback overhead. 
Observation 2: For M=7,  provides good performance-overhead trade off, and for M=4,  provides good performance-overhead trade off. Since total overhead depends on both M and  values, ranges of both parameters should be jointly selected.
Proposal 1. Support Alt.1 (unrestricted subset) for Subset selection for layer 0.

2.2. Value of M 
For the definition of M, two alternatives are listed below:
· Alt1.  
· Alt2. 
· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 
Since M is the maximum number of taps for each beam, M can be determined by the channel condition. Also, due to the fact that N3 is defined as N3=NSB*R, if Alt 2 is supported, M value is determined by two RRC parameters M and p, and this will make UE and gNB implementation more complicated. Thus, M should be defined as. In the following Figure 3 and 4, we evaluate the performance and overhead trade-off with various p values.  
Proposal 2. Support Alt.1 () for the determination of M values.
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Figure 3. Average UPT results with various p values
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Figure 4. 5% UPT results with various p values

Observation 3. For given ,  provides good performance-overhead trade-off in terms of average UPT. However, in terms of 5% UPT,  provides about 10% performance loss compared to the .

2.3. Values of N3
In this subsection, discussion on values of N3 is presented and one of the following alternatives is considered for N3>13. 
· 
Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5
[bookmark: _GoBack]For the simulation, we assume 20MHz BW, 30 kHz subcarrier spacing and R=2. The number of FD units in the CSI reporting band is 26 for 20MHz. For Alt 1, the size of FD unit becomes 27, and the last FD unit is zero-padded. For Alt 2, the FD unit becomes 13 and segment independent basis selection and coefficient selection is assumed. In the following figure 5 and 6, we compare the performance and overhead trade-off of Alt 1 and 2.
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Figure 5. Average UPT results with Alt 1 and 2
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Figure 6. 5% UPT results with Alt 1 and 2

Observation 4. Alt2 can achieve about 5% and 4% performance gain over Alt1 in terms of average UPT and 5% UPT, respectively.
Observation 5. Alt2 can further reduce the overhead if segment common basis selection and/or coefficient selection is applied. 
Proposal 3. Support Alt 2 (segmentation based) for the determination of values of N3


2.4. Subset selection for RI=2
In this subsection, we discuss on the subset selection for RI=2 with following alternatives which are concluded in the email discussion.  
· Alt 1A: layer-common FD basis subset selection, layer-common coefficient subset selection
· Alt 1B: layer-common FD basis subset selection, layer-independent coefficient subset selection
· Alt 1C: layer-common FD basis subset selection, layer-common and pol-common coefficient subset selection
· Alt 2: layer-independent FD basis subset selection, layer-independent coefficient subset selection
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Figure 7. Average UPT results with various subset selection schemes for RI=2
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Figure 8. 5% UPT results with various subset selection schemes for RI=2
Observation 6. Alt2 which has full flexibility for layer extension shows the best performance-overhead trade-off. 
Observation 7. Comparing Alt1A and Alt1B, layer-independent coefficient subset selection seems more important than layer-common FD basis subset selection.
Proposal 4. Support Alt 2 (layer-independent FD basis subset selection, layer-independent coefficient subset selection) for subset selection RI=2.
3. Conclusion
In this contribution, we discuss the overhead reduction for Type II CSI. Based on the discussion above, we have following observations and proposals as: 
Observation 1: For both average UPT and 5% UPT, Alt 1 provides the best trade-off between performance and feedback overhead. 
Observation 2: For M=7,  provides good performance-overhead trade off, and for M=4,  provides good performance-overhead trade off. Since total overhead depends on both M and  values, ranges of both parameters should be jointly selected.
Observation 3. For given ,  provides good performance-overhead trade-off in terms of average UPT. However, in terms of 5% UPT,  provides about 10% performance loss compared to the .
Observation 4. Alt2 can achieve about 5% and 4% performance gain over Alt1 in terms of average UPT and 5% UPT, respectively.
Observation 5. Alt2 can further reduce the overhead if segment common basis selection and/or coefficient selection is applied. 
Observation 6. Alt2 which has full flexibility for layer extension shows the best performance-overhead trade-off. 
Observation 7. Comparing Alt1A and Alt1B, layer-independent coefficient subset selection seems more important than layer-common FD basis subset selection.

Proposal 1. Support Alt.1 (unrestricted subset) for Subset selection for layer 0.
Proposal 2. Support Alt.1 () for the determination of M values.
Proposal 3. Support Alt 2 (segmentation based) for the determination of values of N3
Proposal 4. Support Alt 2 (layer-independent FD basis subset selection, layer-independent coefficient subset selection) for subset selection RI=2.
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Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz with 15kHz SCS), ISD=200m

	BS Tx Power
	41 dBm 

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 16ports=(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	MS antenna configurations 
	2 Rx X-pol (0/+90)

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (52RBs), SB size = 4RBs 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	UE speed
	3km/h for indoor, 30km/h for outdoor 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU)

	Receiver
	Non-ideal channel estimation and interference modeling
LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with rank adaptation 

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput vs. feedback overhead

	Overhead
	PDCCH (2 symbols), TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms
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