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Introduction
In RAN #75, a new WID related to new radio (NR) has been approved [1]. The objective of the NR WID as captured in [1] includes the following (copied from Section 4.1 of [1]).
	According to the outcome of the study item, the NR should specify the followings [TR38.912]:
-	Physical layer aspects including [RAN1]:
-	…
-	Downlink and uplink functionality related to multi-antenna transmission/reception enabling closed loop and open/semi-open loop transmissions, beam management, interference measurement, Type I codebook-based CSI acquisition and Type II CSI acquisition as well as CSI acquisition for reciprocity-based operation, the associated reference signal designs, and related quasi-colocation assumptions.


This contribution discusses the codebook for Type II CSI reporting (highlighted text above). In RAN1-NR#1 [2] and RAN1#88 [3], the following agreements about Type II CSI codebook were made. 
Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· …
Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams taken from 2D DFT beams
· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams
· L {2, 3, 4, FFS 6} (L is configurable)
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1, 
· Subband reporting of phase quantization of beam combining coefficients
· Configurable between QPSK and 8-PSK phase related information quantization
· …..
In this contribution, the detailed design of the W1 and W2 codebook for Type II CSI reporting is proposed for Category 1. To reduce CSI payload in each CSI reporting instance, a differential CSI based Type II CSI reporting mechanism is also proposed. Simulation results are provided to show that performance close to ideal CSI can be achieved with the proposed codebook, and that the proposed differential Type II CSI reporting mechanism maintains good performance with lower CSI reporting payload in each reporting instance.  
Type II CSI Codebook for Category 1
1 
2 
W1 codebook
The W1 codebook is used to report the following four components for WB reporting. 
Basis set: comprises up to 8 orthogonal DFT beams, common for both polarizations and layers, similar to LTE Rel. 14 advanced CSI codebook (shown in Table 1).
· 1D port layouts: (L1, L2) = (min(8, N1), 1) if N2 = 1.
· 2D port layouts: (L1, L2) = (min(4, N1), 2) if N1 ≥ N2 > 1, and (2, min(4, N2)) if N2 > N1 > 1.
[bookmark: _Ref468890361]Table 1: Orthogonal basis set
	Port layouts
	

	


	1D, N1 > 1, N2 = 1
	

	-

	2D, N1 > 1, N2 > 1
	

	



Beam group selection: L out of L1L2 beams are selected freely from the selected basis set, and are common for both polarizations and layers. The value of L belongs to {2, 3, 4, 6, 8}. A UE is configured with an L value, for example, via higher-layer RRC signalling. 
Strongest beam: For each layer, there are 2L linear combination (LC) coefficients to combine beams, since we have 2 polarizations and L beams. The strongest of the 2L coefficients is selected independently for each layer. The reason for per layer strongest beam selection is that the strongest beam is likely to be different for different layers in order ensure orthogonality across layers (shown via simulation in Section 4).
WB coefficient amplitude: the WB component of amplitude reporting of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected independently for each layer using a  bits WB amplitude codebook over [0, 1]. 
The summary of the four W1 component reporting is tabulated in Table 2.
[bookmark: _Ref478029244]Table 2: W1 component reporting
	Basis set
	Beam group selection
	Strongest coefficient
	WB coefficient amplitude

	Layer-common,
Polarization-common
	Layer-common,
Polarization-common
	1 out of 2L coefficients,
Per layer, 
Any of the two polarizations
	Remaining 2L-1 coefficients,
Per layer


3 
[bookmark: _Ref446598642]
For layer l, the selected L beams are placed in columns of the basis matrix  as follows.
· The strongest beam (coefficient) corresponds to the first column (from left) of .
· The remaining L – 1 beams correspond to columns 2 to L - 1 (from left) of .
An example is shown in Figure 1 in which the strongest beam index is 11 and the remaining 3 beams are 1, 4, and 12. Therefore, the beam indices of the four columns of the basis matrix  are ,  . Note that L beams are common to all layers, but placement of the beams in columns of the basis set  is different for different layers because the strongest beam is different for different layers in general, as mentioned above.


[bookmark: _Ref473107900]Figure 1: L = 4 beam selection for (L1,L2) = (4,4)
The structure of W1 is then given by
· if the strongest coefficient corresponds to the first polarization (e.g. +45), and 
·  if the strongest coefficient corresponds to the second polarization (e.g. -45),
where  whose diagonal elements are selected from the WB amplitude codebook.
W2 codebook
The W2 codebook is used to select the following two components independently for each layer for SB reporting. 
SB coefficient amplitude: the SB component of amplitude reporting of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected using a  bit SB amplitude codebook over [0, 1]. 
Coefficient phase: the phase of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected using  2 or 3 bits phase codebook.
The structure of W2 is then given by , where
· , whose diagonal elements are selected from the SB amplitude codebook; and 
· , where  is selected from -PSK alphabet.
Pre-coding matrix
The rank R Type II pre-coding matrix is then given by  where the pre-coding vector for layer l is given by . Note that one of the diagonal elements of  and elements of  is exactly one which corresponds to the strongest beam whose coefficient (both amplitude and phase) can be assumed to be one in general. Also, if amplitude reporting is WB, then  is an identity matrix (hence not reported). Likewise, if amplitude reporting is SB, then  is an identity matrix (hence not reported).
From the above description, Type II CSI can be specified for any R > 1. In general, Type II CSI reporting payload increases linearly with R. Considering the large payload for supporting R > 1 as well as the use case of Type II CSI for MU precoding, it is proposed that, at least for Phase I NR, Type II CSI supports only R = 1 and 2.   
Proposal 1: The dual-stage W = W1W2 codebook for Type II CSI reporting is as follows:
· W1 to report four WB components:
· Basis set comprising of up to 8 orthogonal DFT beams
· (L1, L2) = (min(8, N1), 1) for 1D port layouts, and 
· (L1, L2) = (min(4, N1), 2) if N1 ≥ N2 > 1, and (2, min(4, N2)) if N2 > N1 > 1 for 1D port layouts. 
· Beam group selection to select L out of L1L2 beams freely, where L is configurable from {2, 3, 4, 6, 8}
· Strongest coefficient selection: per layer and any of the two polarizations
· WB amplitude using  bits WB amplitude codebook over [0, 1]
· W2 to report two SB components:
· SB amplitude using  bit SB amplitude codebook over [0, 1]
· Coefficient phase using  bits -PSK codebook
· If multiple values of resolution are supported for either amplitude or phase quantization, the value is made configurable.
· The rank R pre-coding matrix is given by  where R = 1, 2, and the pre-coding vector for layer l is given by , where
· if the strongest coefficient corresponds to the first polarization (e.g. +45) and  if the strongest coefficient corresponds to the second polarization (e.g. -45), where is the basis matrix, whose columns comprises L beams, and the first column corresponds to the strongest coefficient for layer l; 
·  for WB amplitude reporting; 
·  for SB amplitude reporting; and 
· , where  is selected from -PSK alphabet.
Differential Type II CSI Reporting Mechanism
 
[bookmark: _Ref468893754]Table 3: W2 phase quantization payload (8PSK phase quantization)
	Number of beams (L)
	Rank 1 (#bits/SB)
	Rank 2 (#bits/SB)

	2
	9
	9 × 2 = 18

	4
	21
	21 × 2 = 42

	8
	45
	45 × 2 = 90



One-shot reporting of Type II CSI can amount to significantly large reporting payload. For the Type II CSI codebook proposal in Section 2, a summary of W2 phase quantization payload bits for 8PSK phase quantization codebook and varying number of beams (L values) is shown in Table 3. The payload for amplitude quantization is in addition to what is shown in Table 3. The motivation of supporting Type II CSI in NR is to provide high-resolution CSI to gNB, which can only be achieved with high rank (e.g. rank 2) transmission with sufficiently large number of beams for combination. However, as shown, the phase reporting payload increases significantly for rank 2 CSI reporting as the number of beams increases. Such large phase reporting payload sizes may not be supported in a single reporting instance because phase reporting is per SB. 
To reduce payload, a differential CSI reporting mechanism is proposed in which the W2 payload is reduced by breaking it into T > 1 CSI reporting instances using differential CSI approach in which T > 1 coarse or lower-resolution CSIs are reported in T CSI reporting instances, where 
· each CSI is self-decodable (independent of other CSIs); and
· an aggregate (linear sum) of T lower-resolution CSIs results in a higher-resolution CSI. 
An example is shown in Figure 2 in which, the CSI corresponding to Lt = 2 < L beams (a subset of L W1 beams) is reported in the t-th CSI reporting instance of T = L/2 reporting instances. Two examples (L = 4 and 8) are shown in Figure 2. Note that the CSI reporting overhead is approximately the same in each CSI reporting instance. Note also that the CSI reported in each reporting instance in itself is ‘coarse’ or ‘lower-resolution’ Type II CSI (corresponding to Lt = 2 beams) and the aggregate of CSIs reported in T reporting instances is ‘refined’ or ‘higher-resolution’ Type II CSI (corresponding to L = 4 or 8 beams). Each CSI reporting instance is self-decodable and comprises a valid (lower-resolution) pre-coder which can be used by the gNB without other CSI reporting instances.
Such a differential approach can also be used for phase quantization.


[bookmark: _Ref443897133]Figure 2: Differential CSI reporting
Beam pairs for differential CSI


[bookmark: _Ref473231235]Figure 3: Beam pairs for T = L/2 differential CSI reports
To derive each of T = L/2 differential CSIs, two beams are selected from the basis matrix  for layer l, the construction of which is explained in Section 2. For brevity, L columns of the basis matrix  are denoted as . In particular, the pairs of selected beams correspond to 2 adjacent beams or columns of the basis matrix starting from the left or beam b0, i.e., beam pairs (b0, b1), (b2, b3), and so on. An illustration of the beam pairs are shown in Figure 3 for L = 4, 6, and 8. 
Configuration and reporting of differential CSI
A UE is configured with a WB CSI report comprising of 
· orthogonal basis set, L selected beams, and the strongest beam (per layer) using W1 codebook (these three together determines the basis matrix  for layer l), and 
· RI; 
and T = L/2 differential CSI reports (T SB reports) comprising of the following components. 
· 1st CSI report (t = 0) comprises of a SB report to indicate amplitude and phase of coefficients using W2 codebook for L0 = 2 beams which are the first two columns (from left) of the basis matrix  for layer l (Figure 3). The number of coefficients (amplitude and phase) to be reported in the 1st CSI report is 2Lt - 1 = 3. 
· Since the 1st column of the basis matrix  corresponds to the strongest beam, which is used to derive to 1st CSI report, the coefficient corresponding to the strongest beam is not reported (it is fixed to 1).    
· Remaining CSI reports (t = 1, 2, …,T-1) comprise of SB reports to indicate amplitude and phase of coefficients using W2 codebook for Lt = 2 beams (where t > 1) which are the (2t + 1)-th and (2t + 2)-th columns (from left) of the basis matrix  for layer l (Figure 3). The number of coefficients (amplitude and phase) to be reported in each of the remaining CSI reports is 2Lt = 4. 
The UE assumes the last reported WB CSI report (which includes ) to select 2 beams in T CSI reports. If amplitude reporting is WB or WB + SB, then T WB amplitude components are reported in their respective reporting instances. 
Proposal 2: To reduce Type II CSI reporting payload, a differential CSI reporting mechanism is supported wherein  
· T = L/2 coarse yet self-decodable CSIs are reported in T CSI reporting instances, where the CSI reported in each reporting instance is derived using two beams that correspond to adjacent beam or column pairs, (b0, b1), (b2, b3),…, of the basis matrix  
· A UE is configured with a WB CSI report to report (orthogonal basis set, L selected beams, and per layer strongest beam), and T = L/2 differential CSI reports to report phase and amplitude of coefficients corresponding to 2 beams.
Simulation results
For performance evaluation of the proposed Type II CSI codebook, the non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. The results are provided for 16 antenna ports with (N1, N2) = (4, 2), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 5. For comparison, the Rel. 14 advanced CSI codebook is considered as reference, and ideal CSI in which dominant eigenvectors are known at gNB is considered as performance upper bound.
Evaluation 1: W1 basis
In RAN1-NR#1 [2], an agreement was made in which different schemes were proposed to be studied belonging to Category 1. One of the main differences between these schemes is the structure of the W1 basis matrix. The following three types of basis matrix were proposed for further study. 
· Basis 0 (2 partitions):  where .
· Basis 1 (Hadamard-type):  where 
· Basis 2 (4 partitions):  where 
The three alternatives for the W1 basis matrix are evaluated. The simulation results are shown in Figure 4 for L = 4 beams, and 3 bits SB phase and 3 bits WB amplitude reporting.
Observation 1: Basis 2 (four partitions) is the worst in performance; Basis 0 (2 partitions) and Basis 1 (Hadamard-type) are comparable in performance, but Basis 1 has higher W1 reporting overhead (independent selection of B1 and B2) and has higher complexity than Basis 0.

[bookmark: _Ref478038289]Figure 4: Performance comparison of different W1 basis
Evaluation 2: amplitude reporting type
Assuming Basis 0, we next evaluate the following four alternatives for the amplitude reporting types. The simulation results are shown in Figure 5 for L = 4 and 8 beams, and for 3 bits SB phase and 3 bits WB amplitude reporting. 
	Type 0: 
	Type 1: 

	Type 2: 
	Type 3: 


Observation 2: Amplitude type 3 (independent amplitude for two polarizations and two layers) shows significant performance gain over amplitude types 0, 1, and 2 for both L = 4 and 8 beams: ~10-17% and ~22-40% additional gain in avg. and 5% UPT, respectively
One can argue that for WB amplitude reporting, the performance of the four amplitude types should be close assuming that WB beam power across two polarizations and across two layers are close. We however observe significant gain with amplitude type 3 when compared with amplitude type 0, 1, and 2. The reason for this phenomenon is significant difference in WB power levels across two polarizations and two layers, which can evident from power ratio distribution plots (in dB) shown in Figure 6, where unquantized power is assumed.    
Observation 3: more than 40% of the time WB beam power levels between two polarizations and between two layers have at least 3dB gap
	


[bookmark: _Ref478039224]Figure 5: Performance comparison of four amplitude types
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[bookmark: _Ref474652138]Figure 6: Distribution of WB power ratio across two polarizations and two layers for 16 ports

Evaluation 3: WB vs. WB+SB amplitude
Assuming amplitude type 3, we next provide simulation results for amplitude and phase quantization of 2L-1 coefficients, where  bit –PSK phase codebook are considered. For amplitude quantization, the following alternatives are evaluated:
· WB only:  bits amplitude codebook in [0, 1] 
· WB + SB:  bits WB and  bit SB amplitude codebooks in [0, 1].
The simulation results are shown in Figure 7 for L = 4 beams. The results for unquantized amplitude and phase (labelled as ‘Unquantized’) are also shown.
Observation 4: 3 bit WB + 1 bit SB amplitude reporting can achieve up to ~5% and ~16% additional gain in avg. and 5% UPT when compared with 3 bit WB amplitude reporting. 

[bookmark: _Ref471731641]Figure 7: Performance of WB vs. WB+SB amplitude reporting 
Evaluation 4: Differential CSI
Finally, the following two Type II CSI reporting mechanisms are compared:
· One-shot: the Type II CSI for L beams is reported in a single reporting instance (cf. Section 2).
· Differential: T = L/2 differential CSIs are reported in T consecutive reporting instances, i.e., in each reporting instance, Type II CSI corresponding to 2 beams is reported (cf. Section 3).
Both phase and amplitude quantization codebooks are 3 bits, where phase quantization is SB, and amplitude quantization is WB. Two L values, L = 4 and 8, are considered in this evaluation. The summary of W2 reporting payload per reporting instance is tabulated in Table 4. 
[bookmark: _Ref474048226]Table 4: W2 reporting payload (per reporting instance)
	L
	One-shot (#bits/SB)
	Differential (per reporting), (#bits/SB)

	
	
	t = 0
	t > 0

	4
	42
	18
	24

	8
	90
	18
	24



The performance comparison for the two mechanisms are shown in Figure 8. The performance loss of differential CSI reporting when compared with one-shot reporting is shown in Figure 9. 
Observation 5: Differential CSI reporting mechanism maintains attractive (with small loss) Type II CSI gain with W2 reporting payload of 2 beams per reporting instance
[bookmark: _GoBack]

[bookmark: _Ref478045455]Figure 8: Performance of differential CSI reporting 

[bookmark: _Ref478045467]Figure 9: Performance loss of differential over one-shot reporting

Conclusions
In this contribution, a codebook for Type II CSI reporting is proposed. The proposals and observations made are summarized as follows. 
Proposal 1: The dual-stage W = W1W2 codebook for Type II CSI reporting is as follows:
· W1 to report four WB components:
· Basis set comprising of up to 8 orthogonal DFT beams
· (L1, L2) = (min(8, N1), 1) for 1D port layouts, and 
· (L1, L2) = (min(4, N1), 2) if N1 ≥ N2 > 1, and (2, min(4, N2)) if N2 > N1 > 1 for 1D port layouts. 
· Beam group selection to select L out of L1L2 beams freely, where L is configurable from {2, 3, 4, 6, 8}
· Strongest coefficient selection: per layer, and any of the two polarizations
· WB amplitude using  bits WB amplitude codebook over [0, 1]
· W2 to report two SB components:
· SB amplitude using  bit SB amplitude codebook over [0, 1]
· Coefficient phase using  bits -PSK codebook
· If multiple values of resolution are supported for either amplitude or phase quantization, the value is made configurable.
· The rank R pre-coding matrix is given by  where R = 1, 2, and the pre-coding vector for layer l is given by , where
· if the strongest coefficient corresponds to the first polarization (e.g. +45) and  if the strongest coefficient corresponds to the second polarization (e.g. -45), where is the basis matrix, whose columns comprises L beams, and the first column corresponds to the strongest coefficient for layer l; 
·  for WB amplitude reporting; 
·  for SB amplitude reporting; and 
· , where  is selected from -PSK alphabet.
Proposal 2: To reduce Type II CSI reporting payload, a differential CSI reporting mechanism is supported wherein  
· T = L/2 coarse yet self-decodable CSIs are reported in T CSI reporting instances, where the CSI reported in each reporting instance is derived using two beams that correspond to adjacent beam or column pairs, (b0, b1), (b2, b3),…, of the basis matrix  
· A UE is configured with a WB CSI report to report (orthogonal basis set, L selected beams, and per layer strongest beam), and T = L/2 differential CSI reports to report phase and amplitude of coefficients corresponding to 2 beams.
Observation 1: Basis 2 (four partitions) is the worst in performance; Basis 0 (2 partitions) and Basis 1 (Hadamard-type) are comparable in performance, but Basis 1 has higher W1 reporting overhead (independent selection of B1 and B2) and has higher complexity than Basis 0.
Observation 2: Amplitude type 3 (independent amplitude for two polarizations and two layers) shows significant performance gain over amplitude types 0, 1, and 2 for both L = 4 and 8 beams: ~10-17% and ~22-40% additional gain in avg. and 5% UPT, respectively
Observation 3: more than 40% of the time WB beam power levels between two polarizations and between two layers have at least 3dB gap
Observation 4: 3 bit WB + 1 bit SB amplitude reporting can achieve up to ~5% and ~16% additional gain in avg. and 5% UPT when compared with 3 bit WB amplitude reporting. 
Observation 5: Differential CSI reporting mechanism maintains attractive (with small loss) Type II CSI gain with W2 reporting payload of 2 beams per reporting instance
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Appendix: Simulation Assumptions 
[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 5: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 4)

	Channel model
	UMi-2GHz

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (4,2,2) 

	(O1,O2) 
	(8,8)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	SU/MU pre-coding
	SLNR

	Scheduling
	MU, Proportional fair, up to 4 layers

	Channel estimation
	Non-ideal

	Transmission rank
	1,2

	Receiver 
	MMSE-IRC

	CSI feedback schemes
	Reference: Rel. 14 advanced CSI codebook
Type II CSI codebook: proposed in this contribution
Ideal: dominant eigenvectors are known to the gNB/TRP



R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	Basis 0	
Avg. UPT	5% UPT	1.4517418930762489	1.9186746987951806	Basis 1	
Avg. UPT	5% UPT	1.4418821209465382	1.9003872633390708	Basis 2	
Avg. UPT	5% UPT	1.2788124452234881	1.4249139414802068	Ideal	
Avg. UPT	5% UPT	1.7682953549517963	2.6230636833046472	


R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	L = 4, Amp. Type 0	
Avg. UPT	5% UPT	1.2985559357420402	1.537225242259513	L = 4, Amp. Type 1	
Avg. UPT	5% UPT	1.3211158151133795	1.6116757267785393	L = 4, Amp. Type 2	
Avg. UPT	5% UPT	1.3303369483268574	1.7014890096903805	L = 4, Amp. Type 3	
Avg. UPT	5% UPT	1.4317694136751147	1.9227133065469155	L = 8, Amp. Type 0	
Avg. UPT	5% UPT	1.396740706373601	1.8180099267312693	L = 8, Amp. Type 1	
Avg. UPT	5% UPT	1.4358290320709854	1.8338454266130939	L = 8, Amp. Type 2	
Avg. UPT	5% UPT	1.4384967813025575	1.9484755376979437	L = 8, Amp. Type 3	
Avg. UPT	5% UPT	1.5687525372614977	2.2235878043015833	Ideal	
Avg. UPT	5% UPT	1.738	2.5259999999999998	


R14 Adv. CSI CB	
Avg. UPT	5% UPT	1	1	3 bit WB amp.	
Avg. UPT	5% UPT	1.4305515281563534	1.9669108957693215	3 bit WB + 1 bit SB amp.	
Avg. UPT	5% UPT	1.4826306327205245	2.1340108721342474	Unquantized	
Avg. UPT	5% UPT	1.5775677086353885	2.247459229496573	Ideal	
Avg. UPT	5% UPT	1.7383865916603842	2.5261167572677854	


R14 adv. CSI CB	
Avg. UPT	5% UPT	1	1	One-shot, L = 4	
Avg. UPT	5% UPT	1.4517418930762489	1.9186746987951806	Diff., L = 4	
Avg. UPT	5% UPT	1.4184377738825591	1.8642426850258176	One-shot, L = 8	
Avg. UPT	5% UPT	1.5762489040000001	2.2424698799999998	Diff., L = 8	
Avg. UPT	5% UPT	1.5008764240000001	2.079388985	Ideal	
Avg. UPT	5% UPT	1.7682953549517963	2.6230636833046472	


L = 4 beams	
Avg. UPT	5% UPT	-2.2940799154812681E-2	-2.8369589594079404E-2	L = 8 beams	
Avg. UPT	5% UPT	-4.7817625799277216E-2	-7.2723783939364947E-2	
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