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Introduction
In RAN1 #95 DFT-based compression was adopted as the Type II rank 1-2 overhead reduction scheme.  Alternatives were also agreed for a number of different aspects of the DFT-based compression including: 
· Selection of the subset of DFT vectors to be used as the basis set, e.g., common vs. independent basis
· Value of frequency domain compression unit
· Need for an oversampled DFT basis
· Quantization of the linear combination coefficients
· Whether basis subset selection should be performed separately for each layer
Additional topics to be finalized but without specific alternatives include”
· Whether compression is performed across the entire CSI reporting band or across a portion of the band
· Supported values for the number of FD components after compression
This contribution addresses the first four of the above items, giving our view on the agreed alternatives based on analysis of overhead and simulation results.

[bookmark: _Ref169246743]Basis and Subset Selection
The precoding matrix  generated by the DFT compression scheme can be expressed as the product of three matrices:

where   is thebeam selection matrix used in Release 15 consisting of L  beams per polarization.  The  matrix consists of linear combination coefficients which are applied to the spatial beams of the columns of  and the DFT basis vectors contained in the rows of  and   is the number of FD dimensions.  The set of basis vectors can be either common among all beams or beam-specific with the actual number of basis vectors either fixed, higher-layered configured, or selected by the UE.  Three alternatives for basis set selection were agreed.  These are discussed below and the performance and overhead of each alternative are compared.

Alt 1A: Common basis vectors selection
Alt 1A is defined as follows:
· Alt1A. Common selection for all the 2L beams, wherein M coefficients are reported for each beam
· 
·   is composed of  linear combination coefficients
· The value of  (applied to all 2L beams) is higher-layer configured and the M  basis vectors are dynamically selected (hence reported with CSI)
This alternative uses a common basis set across all beams with the size of the set higher-layer configured and the members of the set being determined by the UE.  The common basis set can be found by, for example, computing the energy of each basis vector summed across beams or, alternatively, by finding the basis vectors that have the highest average or median ranking within beams.   Indication of the size M  basis set requires  overhead bits.  The total rank 1 overhead calculation for Alt 1A is given in Table 1.
[bookmark: _Ref534725831]Table 1: Overhead calculation for Alt 1A
	Alt 1A

	M
	beam selection + rotation
	over-
sampling
indication
	max Beam indication
	basis set  indication overhead
	amp/phase overhead
	total 
overhead

	2
	11
	2
	3
	7
	96
	119

	3
	11
	2
	3
	9
	144
	169

	4
	11
	2
	3
	10
	192
	218

	5
	11
	2
	3
	11
	240
	267



[bookmark: _Ref534978652]Alt 1B: Common basis vectors with subset selection
Alt 1B is defined as follows:
· Alt1B. Common selection for all the 2L beams, but only a size-  subset of coefficients are reported (not reported coefficients are treated as zero) 
· 
·   is composed of linear combination (LC) coefficients, but  of its coefficients are zero
· The value of  (applied to all 2L beams) is higher-layer configured and the M basis vectors are dynamically selected (hence reported with CSI)
· For evaluation, companies should state their assumption on the selection of  LC coefficients (applied to all 2L beams), e.g.
· The value of  is fixed or higher-layer configured, and the  LC coefficients are dynamically selected by the UE (hence reported with CSI), or
· The  LC coefficients and its size are dynamically selected by the UE (hence reported with CSI) 
· 
Like Alt 1A, Alt 1B entails selection by the UE of a common basis whose size M is configured by higher layers. A K0-sized subset of the 2LM coefficients are selected by the UE and the remaining coefficients are zero. The value of  K0  can be either fixed, higher-layer configured, or dynamically selected by the UE.  An Alt 1B scheme therefore consists of three parts: 
1) Common basis selection
The same options for part 1) are available as for Alt 1A. 
 
2) Determination of  K0: Dynamic vs. static  number of coefficients K0
Dynamically selecting the number of coefficients, K0,  makes the coefficient payload vary dynamically and adds complexity to the signaling of the selected coefficients.  These disadvantages could be outweighed when, for example, the distribution of coefficient energies within beams varies between being concentrated to a one or a few coefficients to being distributed more uniformly across a larger number of coefficients.  When such distributions vary in this way between channel realizations, the total number of coefficients needed to accurately  represent the frequency domain combining vector could vary.  However our observations of simulated channels indicate that  beams tend have their energy concentrated in up to several coefficients and therefore there is little need for a dynamic number of coefficients.

3) Selection of coefficients
It is expected that not all beams will carry equal energy and therefore each beam need not be represented with an equal number of coefficients. On the other hand, allowing all K0 coefficients to represent the basis of a single beam limits the possibility of parallelization of coefficient selection at the UE.  In addition allowing complete freedom for the UE to select the number of coefficients reported incurs higher overhead compared to tapering the number of reported bases from the strongest beam down to the weakest beam in some fixed or higher-layered configured pattern.  

The Alt 1B scheme that will be evaluated in this contribution allocates a fixed numbers of coefficients per beam. Denoting the number of coefficients allocated for the strongest to the weakest beam as Mi, i = 1,2,…,2L  where .  Examples of a distribution of number of reported coefficients vs. beam is given in the first column of Table 2. In the first row, the strongest beam’s contribution to the total of K0  coefficients is  M1 = 3, the second strongest is M2 = 3, and the  third strongest beam  contribution is M3 = 2, etc.  Here the  strength of the beam is the sum of  the square of the M coefficient magnitudes. 


This scheme’s rank 1 overhead calculation is given in Table 2.  The number of bits for basis set indication assumes a specific two-stage representation scheme.  In this scheme the basis set indication requires  .   Bit.where the first level of quantized amplitude information consists of   bits for all M coefficients of the common set within a beam. For the example in Figure 1 where 3 total bits of amplitude quantization are used,   bits could be used to represent the coefficients of all the beams. By summing the square of the two-bit amplitudes of all coefficients within a beam, an approximation of the beam’s energy can be formed and from all of the beams’ approximate energies, an ordering of the beam energies can be formed based..  From the beam ordering, the number of coefficients of the second-level quantization information signaled for each beam can be determined. The second-level quantization information is the least significant bits of those coefficients with the highest 2-bit coefficient energy within a beam. Combining the first and second level quantized amplitudes yields 3-bit coefficient amplitudes for beam i’s   coefficients.	 

[bookmark: _Ref534728699]Table 2: Overhead calculation for Alt 1B
	Alt 1B

	number of taps per beam, Mi
	beam selection + rotation
	over-
sampling
indication
	max beam indication
	basis set  indication overhead
	amp/phase overhead
	total overhead

	[3 3 2 2 2 2 1 1] 
	11
	2
	3
	23
	96
	135

	[4 4 4 3 3 2 2 1] 
	11
	2
	3
	26
	138
	180

	[4 4 3 3 3 3 2 2] 
	11
	2
	3
	24
	144
	184

	 [5 5 4 4 4 4 3 3]  
	11
	2
	3
	25
	192
	233
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[bookmark: _Ref534797883]Figure 1: a) Decomposing the coefficient amplitudes into the sum of first stage (2 bits) and second stage (1 bit) amplitudes. The first stage amplitudes are used to determine the beam energies, the ordering of the beams (shaded red for strongest beam, yellow for second strongest, blue for weakest, and coefficients with the largest amplitudes within the beam). b) Representation of two fields used to indicate amplitude information. The first field is just the first stage amplitude information in a) and the second are the least significant bits of the highest amplitude coefficients in a beam ordered from highest to lowest by index within a beam then strongest to weakest beam.
 
[bookmark: _Ref534996969]Alt 2: Independent basis vector selection
Alt 2 is defined as follows:

· Alt2. Independent selection for all the 2L beams, wherein  coefficients are reported for the i-th beam (i=0, 1, …, 2L-1)
· , where , i.e.  frequency-domain components (per beam) are selected 
·   is composed of  linear combination coefficients
· The value of  (applied to all 2L beams) is higher-layer configured
· For evaluation, companies should state their assumption on size- basis subset selection (applied to the i-th beam), e.g. for i=0, 1, …, 2L-1
· The size- subset and the value of  are dynamically selected by the UE (hence reported with CSI) 
· The size- subset is dynamically selected by the UE (hence reported with CSI), but the value of  is determined by a predefined rule in specification
· The size- subset is dynamically selected by the UE (hence reported with CSI), but the value of  is higher-layer configured
· The size- subset can be chosen either from the fixed basis set or from a beam-common UE-selected intermediate subset of the fixed basis set
In Alt 2 the number of coefficients per beam, , is beam dependent and can be either from a predefined rule in the specification, be higher-layer configured, or dynamically selected by the UE.  The  coefficients themselves are dynamically selected by the UE from either a fixed basis set or from a beam-common UE-selected intermediate subset of the fixed basis set. 
Note that in the latter, the selected intermediate subset of the fixed basis set can be interpreted as the set of M common basis vectors of Alt 1A and Alt 1B. In this case an Alt 2 scheme can also be cast as an Alt 1B scheme where the K0 coefficients are just the union of the sets of  coefficients.  On the other hand when the intermediate subset is a fixed basis, such as the entire set of  coefficients, Alt 1B and Alt 2 are different.  We therefore limit the discussion of Alt 2 to the case of a fixed basis.
Performance can potentially be improved by eliminating the UE selected common basis and allowing the UE to select any sized  subset of coefficients for each beam. The overhead required to signal the selected subsets is greater than for a UE selected basis but can be upper-bounded by a bit map of length .  This scheme’s rank 1 overhead calculation is given in Table 3 using this upper bound as the number of bits needed for basis set overhead indication.

[bookmark: _Ref534741745]Table 3: Overhead calculation for Alt 2
	Alt. 2

	number of taps per beam,  Mi
	beam selection + rotation
	over-
sampling
indication
	max beam indication
	basis set  indication overhead
	amp/phase overhead
	overhead

	[3 3 2 2 2 2 1 1]
	11
	2
	3
	104
	96
	216

	[4 4 3 3 3 3 2 2] 
	11
	2
	3
	104
	144
	264

	[4 4 4 4 4 4 4 4]
	11
	2
	3
	104
	192
	312



[bookmark: _Ref534992054]Simulation Results
The performance of the three alternatives were evaluated in terms of their cell edge and average user packet throughput for various values of M (Alt. 1A) and  (Alt. 1B and 2) vs. overhead bits. A 10 MHz bandwidth was simulated with FD compression size of X = 4.  Three bits of amplitude and phase quantization were used per coefficient.  Additional simulation assumptions are given in the Appendix.
For Alt 1A a common basis set of  basis vectors is calculated by the UE based on the sum of energies across beams calculated for each of the  basis vectors.  
In Alt 1B, the number of coefficients per beam,  is allocated according to the first column of Table 2.  For each beam the  coefficients with greatest energy are selected out of a common basis of size of max{. The common basis is selected as in Alt 1A. 
Similarly, for Alt 2 the number of coefficients per beam,  is allocated according to the first column of Table 3 and the size- subsets are chosen based on coefficient energy from the set of all basis vectors.
The cell edge and average packet throughput relative to Rel-15 Type CSI using L = 4 beams, subband amplitude, and 8-PSK co-phasing are plotted in Figure 1 and Figure 2.  Alt 1B is seen to be superior to Alt. 1A by about 0.5% in average cell throughput which corresponds to about 20 bits. The gains in cell edge are even higher, between 0.5% and 1.0% corresponding to 20 to 40 bits of overhead.
Observation 1: Alt 1B with the composition across beam of the K0 coefficients weighted according to beam space ranking  improves both cell edge and average user packet throughput compared to Alt 1A and Alt 2. 
We therefore propose:
Proposal 1: Support common basis vectors with subset selection, Alt 1B,  for the method of linear combination selection. 
Proposal 2: In Alt 1, partition the K0 coefficients into subsets whose size are fixed or higher-layered configured and the assignment of subsets to beams dependent on on the beam’s energy. 

[image: ]
[bookmark: _Ref534718968]Figure 2: Comparison of basis subset selections schemes average user packet throughput vs. total overhead.

[image: ]
[bookmark: _Ref534719100]Figure 3: Comparison of basis subset selections schemes cell edge throughput vs. total overhead.
Oversampling Factor
The following options for oversampling were agreed at RAN1#95:
Offline agreement: In RAN1 NR-AH 1901, select one of the following alternatives for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS
Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes
Expanding the basis to an oversampled DFT expands the basis from N3 orthogonal vectors to N3O3 non-orthogonal vectors.  Using the expanded basis directly increases the overhead needed to indicate the selected basis and increases the complexity of basis selection. An alternative  to using the expanded basis directly is to use the beam rotation approach used for spatial beam selection. Here one out of O3 orthogonal subsets are chosen from the expanded basis with the subset selection indicated.  The subset selection can be performed on a per beam or common beam basis. The advantage of oversampling is that with the appropriate choice of sampling phase the coefficient’s’ energy can be concentrated in few basis vectors leading to potentially higher compression. 
Alt 1 and 2 were compared by simulation for a 10 MHz bandwidth, X = 4 RBs precoding subband size, ( = 13), and Alt 1A coefficient selection with M = 4.  For  = 4, one of four beam-common subsets of orthogonal basis vectors was chosen from the oversampled DFT basis based on energy summed over beams of the top 4 coefficient indices. Other parameters are those used in the simulation of Alt 1A coefficient selection. The results are shown in Table 4.  Cell edge throughput relative to Release 15 Type II is the practically the same, within 0.1%, while the UPT increase by 1.5%.  
Observation 2: Oversampling by  = 4 provides non-negligible UPT throughput compared to  = 1 for 10 MHz.
[bookmark: _Ref534823659]Table 4: Comparison of oversampling alternatives 1 and 2 
	 
	relative cell edge
	relative UPT

	No oversampling O3 = 1
	100.5%
	101.4%

	 O3 = 4 oversampling,
	100.4%
	101.9%



In our companion contribution the dependence of the performance of oversampled vs. critical sampling as a function of the DFT length  is evaluated both through analysis and simulation of the case of a single tap channel [3]. This is equivalent to a frequency-domain beam combining coefficient  having linear phase across frequency and performing compression with a single selectable basis vector.  The improvement in fractional recovered power by a single basis vector due to oversampling was shown to have little dependence on .
The additional performance gain which can be achieved with O3 factors greater than 4 is expected to be negligible.  Therefore we support Alt 1, a fixed oversampling factor of 4.

Proposal 3:   The DFT basis oversampling factor should be fixed to  O3 = 4 (Alt 1)

FD compression unit size

· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Two sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 
Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.

The FD compression unit size, X,  (referred to as precoding subband size below) determines the frequency domain resolution of the reconstructed beam combining coefficients which are therefore effectively an average of the RB-level beam combining coefficients over the precoding subband.  The first question to be answered is whether the precoding subband size should equal the CQI subband size as in Release 15 (Alt 1) or a smaller number of RBs (Alt 2.1-2.3).  CQI subband size grows with increasing bandwidth and therefore with Alt 1 precoding accuracy degrades. To avoid this degradation, the precoding subband size can be decoupled from the CQI subband size (Alt 2.1 and 2.3) or made to be a fraction of the CQI subband size (Alt 2.2).  The tradeoff between these alternatives involves the sensitivity of performance degradation with increasing precoding subband size vs. the additional overhead and complexity associated with increased values of N3.  
In terms of performance Alt 1 implies very large precoding subband sizes at large bandwidths. Taking 80 MHz as an example, the width of a precoding subband at 30  kHz spacing would be either 1.44 MHz or 2.88 MHz which would cause too much averaging of weight vectors. Alt 2.2 can reduce these precoding subband bandwidths by a factor up to R = 4. Since only one value of R is allowed, R cannot be greater than 4 since for fewer than 72 subbands the CQI subband size itself is only 4 RBs. 
In order to gauge the performance loss with precoding subband sizes of X = 1,2,4,8, 16 RBs (180,360,720 and 1.440 MHz)  simulations were performed with a 40 MHz channel and 15 kHz subcarrier spacing.  The number of  CQI subband size was kept constant at 16 RBs and a common basis set of size M = 4 was used, i.e., Alt 1A. The cell edge and user packet throughput relative to Release 15 Type II vs. precoding subband size is shown in Figure 4.  Losses in relative cell edge throughput of about 2.5% are seen between X = 2 and X = 16 and about 0.5% loss in user packet throughput.  It is interesting to note that cell edge throughput drops off at X = 1 and 2. It was observed that as N3 increased, the energy became concentrated in a greater number of basis vectors, for example M = 8 instead of 4 The increase in overhead as a function of X is shown in Figure 5.  The increase in overhead from X = 16 to X = 2 is minor, 218 to 231 bits.   
The losses seen with X = 16 (precoding subband bandwidth of 1.440 MHz) can also be expected with Alt 2.2 and R = 4 which has a subband size of 1.44 MHz in a 40 MHz bandwidth, subcarrier spacing of 30 kHz, and a CQI subband size of 16 RBs.  Alt 1 does have the advantage of a lower maximum value of N3  than Alt 2.3, 18 vs 69. However Alt 2.2 with a subband size of 16 and R = 4 also results in an N3 value of  69 and therefore similar complexity of Alt 2.3
 
Considering the high performance loss at large bandwidths and the limited increase in overhead, our preference is Alt 2.3.

Proposal 4: FD compression size should be higher-layer configured to a value of  X  = {2, 4} subbands (Alt 2.3)


[image: ]
[bookmark: _Ref534896898][bookmark: _Ref534896903]Figure 4: Cell edge and average user packet throughput for precoding subband sizes of X = 16,4,2, and 1 RBs.

[image: ]
[bookmark: _Ref534898464]Figure 5: Figure 4: Overhead for precoding subband sizes of X = 16,4,2, and 1 RBs.


Coefficient quantization
The following set of alternatives were agreed for quantization of the elements of :
Agreement: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase
· Alt 5A  For each beam,
· 4-bit amplitude and 4-bit phase for the strongest coefficient,
· 3-bit amplitude and 3-bit phase for the remaining coefficients
· Alt5B. For each beam,
· 3-bit amplitude and 3-bit phase for P0 strongest coefficients,
· 2-bit amplitude and 2-bit phase for P1 2nd strongest coefficients

Alternatives 1A and 5A were compared via simulation. Before presenting the results, the motivation for Alt 5A is discussed along with techniques for indicating the index of a beam’s strongest coefficient.
Alt 5A
In this scheme four bits of amplitude and four bits of phase are used to represent the beam’s strongest coefficient while 3 bits of amplitude and 3 bits of phase are used to represent the remaining coefficients of the beam.  The motivation for allocating an additional bit of resolution for the strongest coefficient is the observation that the squared quantization error that results from a phase quantization error  for a coefficient of amplitude A  is  and therefore is proportional to the coefficient’s magnitude square.  Also, in the majority of channels it was observed that one coefficient was typically dominant and therefore overhead can be saved by reducing the number of bits of phase quantization for weak coefficients.  
In order to decode the uplink control message containing these representations, it is of course necessary to know which of the beam’s coefficients is strongest.  One way is to include an indication with length  for each beam. However the multi-stage quantization method described above in Sec. 2.2 can also be used with no additional signaling of the strongest beam.
An example is shown in Figure 6 for the case of M = 4 coefficients per beam. One beam’s worth of amplitude and phase quantization coefficients are shown with the most significant bits amplitude bits for each coefficient followed by the least significant bit of the coefficient whose first stage amplitude representation (i.e. three bits) is largest.   Similarly, the least significant phase bit for the coefficient with largest first stage amplitude follows the first stage representations of the beam’s phase coefficients.   In the general case of  first stage bits and  second stage bits, the beams amplitude coefficients ,  are given by
,
A similar equation holds for the phase bits.
Coefficient Scaling
Related to quantization is the issue of coefficient scaling. In Release 15, subband amplitude was scaled relative to that of the strongest beam. How should scaling be accomplished with DFT compression.  While scaling in the frequency domain is tempting, it was observed that the multiplication by the inverse of the conjugate of the frequency domain coefficients resulted in a dispersion of energy across bases coefficients thereby increasing the number of coefficients needed to be reported. An alternative method based on scaling with respect to the first coefficient of the beam with largest sum over magnitudes (no square) is described in a companion contribution [4]. 




[bookmark: _Ref534978899]Figure 6: Two-stage quantization of a beam’s amplitude and phase coefficients. In this example the index of the coefficient with highest 3 bit magnitude is  . 

Simulation Results
Simulations of Alt 1A and Alt 5A were performed to compare the cell edge and throughput performance of the two schemes. Results for additional alternatives will be added in a revision of this contribution. For both alternatives a common basis with M = 4 was used. Other than differences in coefficient quantization, the simulation assumptions are the same as in Sec. 2.4. The cell edge and average UPT performance are shown in Figure 7 and Figure 8.  In cell edge we see a gain of between 0.5% and 1% while the gain in average throughput is smaller, up to 0.5%.  Overall we see Alt 5A outperforms 1A and should therefore should be further considered for quantization of the linear combining coefficients. 

Observation 3: Alternative 5A outperforms Alternative 1A in both cell edge and average throughput. 

Proposal 5: Alternative 5A should be further considered for quantization of linear combining coefficients.

[image: ]
[bookmark: _Ref534992267]Figure 7: Cell edge comparison of Alt 1 and Alt 5A
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[bookmark: _Ref534992463]Figure 8: Average UPT comparison of  of Alt 1 and Alt 5A


Conclusions
This following observations were made in this contribution
Observation 1: Alt 1B with the composition across beam of the K0 coefficients weighted according to beam space ranking  improves both cell edge and average user packet throughput compared to Alt 1A and Alt 2. 
Observation 2: Oversampling by  = 4 provides non-negligible UPT throughput compared to  = 1 for 10 MHz.
Observation 3: Alternative 5A outperforms Alternative 1A in both cell edge and average throughput. 
and the following proposals recommended for DFT-based Type II CSI compression:
Proposal 1: Support common basis vectors with subset selection, Alt 1B,  for the method of linear combination selection. 
Proposal 2: In Alt 1, partition the K0 coefficients into subsets whose size are fixed or higher-layered configured and the assignment of subsets to beams dependent on  the beam’s energy. 
Proposal 3:   The DFT basis oversampling factor should be fixed to  O3 = 4 (Alt 1)
Proposal 4: FD compression size should be higher-layer configured to a value of  X  = {2, 4} subbands (Alt 2.3)
Proposal 5: Alternative 5A should be further considered for quantization of linear combining coefficients.
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Appendix 
Table 2: Simulation assumptions
	Modulation
	Up to 256 QAM

	Coding on PDSCH
	LDPC

	Numerology
	15KHz 14 OFDM symbol slot and 52 PRBs

	Frequency band
	4 GHz

	Simulation bandwidth
	10 MHz

	Transmission scheme
	Closed SU/MU-MIMO adaptation

	Scenario
	Dense Urban (Macro layer only)

	UE antenna height and gain
	TR36.873

	Channel model
	38.901 UMa channel model 

	Inter-site distance 
	200 m.

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Type II feedback DL codebook
	4 beams, wb+sb, 8psk

	PRBs bundling per SB
	1 PRB

	MU dimension
	Up to 12 layers

	SU dimension
	2 layers

	Codeword (CW)-to-layer mapping
	Single codeword

	CSI feedback
	PMI, CQI: every 5 slot; 4 slot delay, RI: every 5 slot;
Subband based 

	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	ACK/NACK delay
	The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK

	Antenna configuration at TRxP
	(8,4,2,1,1;2,4)
(dH, dV)=(0.5, 0.8)λ

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

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	UE Noise Figure
	9 dB

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

	Handover margin (dB)
	1 dB

	TRxP total transmit power
	41 dBm
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