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1. Introduction
In RAN #71, a new WID related to enhancements to FD-MIMO (eFD-MIMO) has been approved [1]. The objective of the eFD-MIMO WID as captured in [1] includes the following: 
· Extend specification support for CSI reporting in the following areas [RAN1]
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
Based on this objective, the following conclusion was made in RAN1#84bis. 
Conclusions:
· Evaluate proposed advanced CSI schemes
· Baseline for comparison:
· Implicit CSI feedback based on Rel.13 codebook (as well as its extension to >16 ports) or other legacy codebooks if applicable
· Performance and feedback overhead should be provided
· Simulation scenarios:
· FTP model 1 with 70% and 50% traffic loading
· Evaluations should include dynamic switching between MU- and SU-MIMO 
· Other simulation details can refer to 36.897 EB/FD MIMO SI 
Candidates for PMI Enhancement:
· Codebook based (implicit feedback)
· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS
· MU CSI (e.g., additional i1, i1,1, or i1,2) 
· Other new or modified codebooks
· Explicit feedback 
· Channel quantization 
· Eigenvector quantization
· Covariance matrix quantization
· Analog feedback
· Note: other schemes are not precluded
Candidates for CQI Enhancement:
· CQI Derivation 
· Interference estimation based on NZP CSI-RS
· MU-CQI conditioned on MU hypotheses and CSI-IM
· Reduced CQI feedback delay
· Note: other schemes are not precluded
This contribution proposes an enhancement on CSI reporting based on explicit feedback. In particular, linear combination (LC) based explicit feedback framework is proposed to report a form of DL channel explicitly. Simulation results are provided to show performance of the proposed explicit feedback scheme.
2. Linear Combination Based Explicit Feedback


[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 1: LC based explicit feedback framework
In Figure 1, an LC based explicit CSI feedback framework is proposed in which a form of the DL channel is reported using a double codebook for explicit feedback: W = W1W2, where 
· W1 codebook is for WB and long-term basis vectors  feedback, 
· W2 codebook is for SB and short-term LC coefficients  feedback, and
·  is the size of the basis vector set.
A few examples of the forms of DL channel and their LC representations are as follows: 
· Channel: For a subcarrier k in SB f, the DL channel is represented as ;
· Covariance matrix: For SB f, the covariance matrix is represented as and
· Eigenvector: For SB f, the dominant eigenvector of the covariance matrix  is represented as .
For W1 codebook, the Rel. 13 Class A codebook framework can be re-used with the following two alternatives for the basis vectors (as shown in Table 1):
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2) and (8, 1), where 1st dimension is the longer dimension.
[bookmark: _Ref446404226]Table 1: Config to beam group mapping
	L
	Number of beams (L1,L2)
	Config
	Beam group

	4
	(2,2)
	2
	


	
	(4,2)
	3
	


	
	(4,1)
	4
	


	8
	(4,2)
	-
	


	
	(8,1)
	-
	



The W2 codebook has two components: 
· Co-phase : the co-phase belong to {1,j,-1,-j}. Two alternatives for the co-phase are as follows. 
· Common: same co-phase for L beams.
· Different: different co-phase for L beams. 
· Coefficients : The unquantized LC coefficients can be obtained as the least-square solution to minimize the squared error. For example, for eigenvector feedback, the unquantized coefficients are  The resultant solution is obtained by pre-multiplying the dominant eigenvector  with the pseudo-inverse of the basis vector set, i.e.,  where  is basis matrix in which columns are basis vectors. 
Proposal 1: For advanced CSI reporting, consider explicit reporting of a form of DL channel using a LC framework, where
· the LC framework corresponds to a double codebook for explicit feedback: W1W2
· W1 codebook is for the WB selection of L basis vectors; 
· W2 codebook is for SB co-phase and coefficient selection for the selected L basis vectors; and 
· the form of DL channel can be DL channel itself or covariance matrix or eigenvector.
Proposal 2: For W1 codebook, the Rel. 13 Class A codebook framework can be re-used with the following two alternatives for the basis vectors (Table 1):
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2) and (8, 1), where 1st dimension is the longer dimension.
Proposal 3: For W2 codebook, there are two alternatives for the co-phase
· Common co-phase for L beams, and
· Different co-phase for L beams.
The unquantized coefficients can be obtained by pre-multiplying the form of DL channel with the pseudo-inverse of the basis matrix obtained by column concatenation of L basis vectors.
The proposed LC based explicit feedback scheme can also be applied to enhance Class B, K ≥ 1 CSI reporting. For instance, for K = 1 and P beam-formed ports, the UE can report explicit CSI, which represents P-port beam-formed channel using the proposed scheme. Similarly, the proposal is applicable to enhance hybrid CSI reporting scheme in which two types of CSI-RS resources, for example non-precoded and beamformed CSI-RS, are associated with two CSI reports. One of the two reported CSIs can be the proposed LC based explicit CSI. 
Observation 1: Proposal 1-3 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported CSIs indicates LC based explicit CSI. 
In the proposed explicit CSI feedback scheme, the reported CSI comprises of the following components:
· 1st PMI (i1,1, i1,2): indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;  
· 2nd PMI i2: indicating
· co-phase for the L selected beams from the QPSK codebook {i,j,-1,-j}, and
· LC coefficients to combine the beams; 
· (Optional) CQI: indicating dominant eigenvalues; and
· (Optional) RI: indicating the preferred rank.
Proposal 4: The explicit CSI report includes the following components:
· 1st PMI (i1,1, i1,2) indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;
· 2nd PMI i2 indicating QPSK co-phase and coefficients for the L selected beams; and 
· (optional) CQI and RI.
3. Simulation Results
To demonstrate the performance of the proposed LC based explicit feedback scheme, simulation-level simulation results are provided for the following proposed LC based explicit CSI feedback schemes to represent the dominant eigenvector of the DL channel:
· Config 2, common co-phase for 4 beams
· Config 3, common co-phase for 4 beams
· Config 4, common co-phase for 4 beams
· (4,2) beam group, common co-phase for 8 beams
· (8,1) beam group, common co-phase for 8 beams
· Config 2, different co-phase for 4 beams
· Config 3, different co-phase for 4 beams
· Config 4, different co-phase for 4 beams
· (4,2) beam group, different co-phase for 8 beams
· (8,1) beam group, different co-phase for 8 beams.
For the co-phase QPSK codebook is assumed and results are provided for unquantized coefficients. The first PMI (i1,1, i1,2) reporting overhead is the same for all schemes. The second PMI i2 reporting overhead is according to Table 2 where K is the number of bits to represent each coefficient.
[bookmark: _Ref447033931]Table 2: i2 reporting overhead
	L
	Beam group
	Co-phase type
	Co-phase (#bits)
	Coefficients (#bits)
	Total (#bits)

	4
	Config 2
	Common
	2
	4K
	2 + 4K

	
	Config 3
	
	
	
	

	
	Config 4
	
	
	
	

	8
	(4,2)
	
	
	8K
	2 + 8K

	
	(8,1)
	
	
	
	

	4
	Config 2
	Different
	8
	4K
	8 + 4K

	
	Config 3
	
	
	
	

	
	Config 4
	
	
	
	

	8
	(4,2)
	
	16
	8K
	16 + 8K

	
	(8,1)
	
	
	
	


The non-full-buffer system-level evaluation is carried out for UMa-200m and UMi-2GHz channel models in heavy (70% target RU) traffic loading scenarios. The detailed results can be found in Table 4 and Table 5 in the Appendix. The results are provided for 16 and 32 antenna ports with (N1,N2) = (4,2)  and (N1,N2) = (4,4), respectively. Here, we assume that the first dimension is horizontal and the second dimension is vertical. The downtilt angles in the elevation domain are chosen according to [2]. In these simulations, full-port non-precoded CSI-RS is used for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. Cell association antenna pattern is approximated by one-TXRU pattern, and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. For MU-MIMO, SLNR precoding is considered. The relevant simulation parameters are enlisted in Table 3. The rest of the simulation assumption is according to [2]. For comparison, performance results for Class A, Config 2, 3, and 4 based implicit CSI feedback, and ideal CSI feedback in which dominant eigenvector is assumed to be known at eNB are also provided. The performance gains with “Class A Config 2 based implicit scheme” as reference are summarized in Figure 2 - Figure 5.






	

[bookmark: _Ref447193894]Figure 2: Performance for 16 ports, (N1,N2) = (2,4), UMa-200m

Figure 3: Performance for 16 ports, (N1,N2) = (2,4), UMi-2GHz

Figure 4: Performance for 32ports, (N1,N2) = (4,4), UMa-200m


[bookmark: _Ref450844573]Figure 5: Performance for 32ports, (N1,N2) = (4,4), UMi-2GHz






	

From the SLS results, we can make the following observation.
Observation 2: From the SLS results, we can make the following observation:
· Proposed explicit feedback scheme shows significant gain over implicit scheme
· Comparison between Config 2, 3, and 4 (L = 4) based proposed explicit feedback scheme show that the performance of Config 2 and 3 are similar, but that of Config 4 is the worst.
· L = 8 shows significant performance gain over L = 4.
· Performance gain is maintained on increasing the number of ports from 16 to 32.
4. [bookmark: _GoBack]Conclusion
This document proposes an LC based explicit CSI feedback. The proposals and observations made can be summarized as follows.
Proposal 1: For advanced CSI reporting, consider explicit reporting of a form of DL channel using a LC framework, where
· the LC framework corresponds to a double codebook for explicit feedback: W1W2
· W1 codebook is for the WB selection of L basis vectors; 
· W2 codebook is for SB co-phase and coefficient selection for the selected L basis vectors; and 
· the form of DL channel can be DL channel itself or covariance matrix or eigenvector.
Proposal 2: For W1 codebook, the Rel. 13 Class A codebook framework can be re-used with the following two alternatives for the basis vectors (Table 1):
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2) and (8, 1), where 1st dimension is the longer dimension.
Proposal 3: For W2 codebook, there are two alternatives for the co-phase
· Common co-phase for L beams, and
· Different co-phase for L beams.
The unquantized coefficients can be obtained by pre-multiplying the form of DL channel with the pseudo-inverse of the basis matrix obtained by column concatenation of L basis vectors.
Observation 1: Proposal 1-3 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported CSIs indicates LC based explicit CSI. 
Proposal 4: The explicit CSI report includes the following components:
· 1st PMI (i1,1, i1,2) indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;
· 2nd PMI i2 indicating QPSK co-phase and coefficients for the L selected beams; and 
· (optional) CQI and RI.
Observation 2: From the SLS results, we can make the following observation:
· Proposed explicit feedback scheme shows significant gain over implicit scheme
· Comparison between Config 2, 3, and 4 (L = 4) based proposed explicit feedback scheme show that the performance of Config 2 and 3 are similar, but that of Config 4 is the worst.
· L = 8 shows significant performance gain over L = 4.
· Performance gain is maintained on increasing the number of ports from 16 to 32.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 3: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Heavy load 70% Target RU)

	Channel model
	UMi-2GHz, UMa-200m

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

	(N1,N2, P)
	16, 32 ports: (4,2,2), (4,4,2)

	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
	Ideal

	Transmission rank
	1

	Receiver
	MMSE-IRC

	Explicit CSI schemes
	Reference: ideal CSI
LC: Rel. 13 Class A W1 codebook as framework
4 beams: Config 2,3,4
8 beams: (4,2) and (8,1) beam group
Co-phase: QPSK
Coefficient: Unquantized


[bookmark: _Ref450753763]Table 4: Non-full buffer simulation results for 16 ports
	Channel
	Lambda
	Scheme
	Co-phase
	RU
	Avg UPT
	50% UPT
	5% UPT
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	UMa-200m
	4
	Class A,
Config 2
	-
	59.0%
	17.07
	17.13
	5.29
	100.0%
	100.0%
	100.0%

	
	
	Class A,
Config 3
	-
	59.2%
	16.90
	16.88
	5.14
	99.0%
	98.5%
	97.1%

	
	
	Class A,
Config 4
	-
	59.4%
	16.93
	16.92
	5.19
	99.2%
	98.8%
	98.0%

	
	
	Config 2
	Common
	56.3%
	18.18
	18.61
	6.41
	106.5%
	108.6%
	121.0%

	
	
	Config 3
	
	55.9%
	18.30
	18.65
	6.48
	107.2%
	108.9%
	122.5%

	
	
	Config 4
	
	58.5%
	17.14
	17.17
	5.43
	100.4%
	100.2%
	102.7%

	
	
	(4,2) beams
	
	55.0%
	18.76
	19.14
	7.46
	109.9%
	111.7%
	140.9%

	
	
	(8,1) beams
	
	56.5%
	17.90
	18.10
	6.51
	104.9%
	105.7%
	123.0%

	
	
	Config 2
	Different
	52.0%
	20.52
	21.62
	9.37
	120.2%
	126.2%
	177.0%

	
	
	Config 3
	
	51.9%
	20.51
	21.62
	9.44
	120.2%
	126.2%
	178.3%

	
	
	Config 4
	
	58.2%
	17.30
	17.51
	5.32
	101.3%
	102.2%
	100.5%

	
	
	(4,2) beams
	
	50.6%
	21.44
	22.86
	10.92
	125.6%
	133.4%
	206.2%

	
	
	(8,1) beams
	
	51.5%
	20.66
	21.98
	9.79
	121.0%
	128.3%
	185.0%

	
	
	Ideal
	-
	49.8%
	21.97
	23.53
	11.74
	128.7%
	137.3%
	221.8%

	UMi-2GHz
	4
	Class A,
Config 2
	-
	60.4%
	17.04
	16.95
	5.59
	100.0%
	100.0%
	100.0%

	
	
	Class A,
Config 3
	-
	60.1%
	17.08
	17.08
	5.69
	100.2%
	100.8%
	101.8%

	
	
	Class A,
Config 4
	-
	60.2%
	17.03
	16.88
	5.58
	99.9%
	99.6%
	99.9%

	
	
	Config 2
	Common
	57.1%
	18.48
	18.90
	7.14
	108.4%
	111.5%
	127.8%

	
	
	Config 3
	
	56.8%
	18.55
	19.14
	7.24
	108.9%
	112.9%
	129.6%

	
	
	Config 4
	
	59.7%
	17.23
	17.11
	6.01
	101.1%
	101.0%
	107.6%

	
	
	(4,2) beams
	
	55.5%
	19.23
	19.80
	8.07
	112.8%
	116.9%
	144.3%

	
	
	(8,1) beams
	
	57.4%
	18.18
	18.35
	6.88
	106.7%
	108.3%
	123.0%

	
	
	Config 2
	Different
	53.0%
	20.81
	22.22
	9.33
	122.1%
	131.1%
	167.0%

	
	
	Config 3
	
	53.2%
	20.75
	22.16
	9.21
	121.8%
	130.8%
	164.9%

	
	
	Config 4
	
	59.5%
	17.34
	17.47
	6.05
	101.8%
	103.1%
	108.3%

	
	
	(4,2) beams
	
	51.3%
	21.72
	23.26
	10.58
	127.5%
	137.2%
	189.3%

	
	
	(8,1) beams
	
	52.2%
	20.93
	22.22
	9.64
	122.8%
	131.1%
	172.4%

	
	
	Ideal
	-
	50.7%
	22.22
	23.95
	11.33
	130.4%
	141.4%
	202.7%


[bookmark: _Ref450831688]Table 5: Non-full buffer simulation results for 32 ports
	Channel
	Lambda
	Scheme
	Co-phase
	RU
	Avg UPT
	50% UPT
	5% UPT
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	UMa-200m
	4
	Class A,
Config 2
	-
	56.2%
	18.50
	18.96
	7.12
	100.0%
	100.0%
	100.0%

	
	
	Class A,
Config 3
	-
	56.1%
	18.46
	18.95
	7.14
	99.8%
	100.0%
	100.3%

	
	
	Class A,
Config 4
	-
	56.6%
	18.35
	18.69
	7.17
	99.2%
	98.6%
	100.8%

	
	
	Config 2
	Common
	54.0%
	19.42
	20.00
	8.49
	105.0%
	105.5%
	119.3%

	
	
	Config 3
	
	54.0%
	19.44
	20.05
	8.38
	105.1%
	105.8%
	117.7%

	
	
	Config 4
	
	54.7%
	18.78
	19.42
	7.41
	101.5%
	102.4%
	104.1%

	
	
	(4,2) beams
	
	53.2%
	19.85
	20.51
	9.09
	107.3%
	108.2%
	127.8%

	
	
	(8,1) beams
	
	54.4%
	19.21
	19.70
	8.20
	103.8%
	103.9%
	115.2%

	
	
	Config 2
	Different
	50.8%
	21.29
	22.66
	10.47
	115.1%
	119.5%
	147.1%

	
	
	Config 3
	
	50.9%
	21.23
	22.60
	10.34
	114.8%
	119.2%
	145.3%

	
	
	Config 4
	
	55.5%
	18.73
	19.32
	7.49
	101.2%
	101.9%
	105.3%

	
	
	(4,2) beams
	
	49.4%
	22.03
	23.81
	11.24
	119.1%
	125.6%
	157.9%

	
	
	(8,1) beams
	
	50.2%
	21.49
	23.26
	10.35
	116.2%
	122.7%
	145.4%

	
	
	Ideal
	-
	48.6%
	22.63
	24.39
	12.31
	122.3%
	128.7%
	173.0%

	UMi-2GHz
	4
	Class A,
Config 2
	-
	55.9%
	18.99
	19.80
	7.78
	100.0%
	100.0%
	100.0%

	
	
	Class A,
Config 3
	-
	55.9%
	18.89
	19.79
	7.82
	99.5%
	99.9%
	100.5%

	
	
	Class A,
Config 4
	-
	55.9%
	18.83
	19.60
	7.85
	99.1%
	99.0%
	100.9%

	
	
	Config 2
	Common
	54.1%
	20.00
	21.04
	8.85
	105.3%
	106.2%
	113.8%

	
	
	Config 3
	
	53.9%
	20.06
	21.05
	8.80
	105.6%
	106.3%
	113.2%

	
	
	Config 4
	
	55.5%
	19.07
	19.80
	7.51
	100.4%
	100.0%
	96.5%

	
	
	(4,2) beams
	
	53.2%
	20.49
	21.51
	9.44
	107.9%
	108.6%
	121.4%

	
	
	(8,1) beams
	
	54.5%
	19.69
	20.51
	8.59
	103.7%
	103.6%
	110.4%

	
	
	Config 2
	Different
	51.1%
	21.79
	23.30
	11.07
	114.7%
	117.7%
	142.3%

	
	
	Config 3
	
	51.4%
	21.71
	23.19
	10.86
	114.3%
	117.1%
	139.7%

	
	
	Config 4
	
	55.6%
	19.15
	20.02
	7.93
	100.8%
	101.1%
	101.9%

	
	
	(4,2) beams
	
	49.4%
	22.45
	24.24
	11.49
	118.2%
	122.4%
	147.7%

	
	
	(8,1) beams
	
	49.7%
	21.94
	23.67
	10.55
	115.5%
	119.5%
	135.6%

	
	
	Ideal
	-
	49.0%
	23.16
	25.16
	13.07
	121.9%
	127.0%
	168.0%



Config 2, Class A (implicit)	Avg UPT	50% UPT	5% UPT	1	1	1	Config 3, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99004042416075932	0.98523145175412996	0.97147175514830908	Config 4, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99162223914699155	0.98762477380187963	0.97997354997166075	Config 2, common co-ph	Avg UPT	50% UPT	5% UPT	1.0649130001757572	1.0860428463020255	1.2104666540714151	Config 3, common co-ph	Avg UPT	50% UPT	5% UPT	1.0718847032632257	1.0885529157667386	1.2248252408841867	Config 4, common co-ph	Avg UPT	50% UPT	5% UPT	1.0041595875563889	1.0021014535053412	1.0266389571131684	(4,2) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0987755580291756	1.1172144066312533	1.4086529378424335	(8,1) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0488605073525104	1.0565641235187673	1.2295484602304931	Config 2, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2022965610170484	1.2621563247913139	1.7700736822218024	Config 3, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2018278750952018	1.2621563247913139	1.7831097676176082	Config 4, diff co-ph	Avg UPT	50% UPT	5% UPT	1.0132989630323979	1.0218901406806375	1.005101076894011	(4,2) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.256254027769641	1.3342478547662133	2.0621575665973926	(8,1) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2104985646493645	1.2829373650107991	1.8501794823351594	Ideal	Avg UPT	50% UPT	5% UPT	1.2873044700919796	1.3734749868659155	2.2178348762516533	


Config 2, Class A (implicit)	Avg UPT	50% UPT	5% UPT	1	1	1	Config 3, Class A (implicit)	Avg UPT	50% UPT	5% UPT	1.0022301778273373	1.007730894069047	1.0184290570764001	Config 4, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99917835553729661	0.996046031277663	0.99856861692610488	Config 2, common co-ph	Avg UPT	50% UPT	5% UPT	1.0842772463172721	1.1150781941575685	1.2776883163356592	Config 3, common co-ph	Avg UPT	50% UPT	5% UPT	1.0886789130817536	1.1294777220419001	1.2961173734120592	Config 4, common co-ph	Avg UPT	50% UPT	5% UPT	1.0110335113563003	1.0098554145765712	1.0760422258006799	(4,2) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.1284112917424731	1.1686043080554736	1.4430130613705492	(8,1) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0670227126005047	1.0828562997934494	1.2302737520128824	Config 2, diff co-ph	Avg UPT	50% UPT	5% UPT	1.221374493808322	1.3114192977279433	1.6695294328144568	Config 3, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2176184048359644	1.3078194157568606	1.6485954553587403	Config 4, diff co-ph	Avg UPT	50% UPT	5% UPT	1.017782733728505	1.0308055473591029	1.0831991411701556	(4,2) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2748987616644167	1.3724402478607258	1.8933619609948111	(8,1) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.2281237161805267	1.3114192977279433	1.7241009125067093	Ideal	Avg UPT	50% UPT	5% UPT	1.3042432067609599	1.4135143110061965	2.0273752012882444	


Config 2, Class A (implicit)	Avg UPT	50% UPT	5% UPT	1	1	1	Config 3, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99805363321799323	0.9997889961491796	1.0026700393479484	Config 4, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99194420415224926	0.98602099488315664	1.0078695896571108	Config 2, common co-ph	Avg UPT	50% UPT	5% UPT	1.0501730103806228	1.0550192541013874	1.1925238898257449	Config 3, common co-ph	Avg UPT	50% UPT	5% UPT	1.0511461937716264	1.0576568022366408	1.1769252388982574	Config 4, common co-ph	Avg UPT	50% UPT	5% UPT	1.0154628027681663	1.0242654428443319	1.0411748173130972	(4,2) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0731509515570936	1.0820804979690879	1.2775435637998875	(8,1) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0383326124567474	1.0394049691406868	1.1519111860595839	Config 2, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1511137543252596	1.1954950677849872	1.4714727374929737	Config 3, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1479779411764708	1.1921190061718625	1.4525014052838674	Config 4, diff co-ph	Avg UPT	50% UPT	5% UPT	1.0123810553633219	1.0193596033127605	1.052698145025295	(4,2) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1912846020761245	1.2560004220077015	1.5788364249578415	(8,1) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1620891003460208	1.2267763886690932	1.454328274311411	Ideal	Avg UPT	50% UPT	5% UPT	1.2232374567474049	1.2865959803766418	1.7301854974704891	


Config 2, Class A (implicit)	Avg UPT	50% UPT	5% UPT	1	1	1	Config 3, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99457694940241148	0.99939400060599937	1.0052706003342333	Config 4, Class A (implicit)	Avg UPT	50% UPT	5% UPT	0.99141789080187437	0.98979901020098993	1.0091271371641599	Config 2, common co-ph	Avg UPT	50% UPT	5% UPT	1.0527562786289686	1.0623674376325623	1.1376783648283841	Config 3, common co-ph	Avg UPT	50% UPT	5% UPT	1.0560732901595324	1.0631754368245632	1.1315079059005013	Config 4, common co-ph	Avg UPT	50% UPT	5% UPT	1.0040541252040227	1	0.96477696362000254	(4,2) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.0788711630600749	1.0860014139985861	1.2135235891502762	(8,1) beam group, common co-ph	Avg UPT	50% UPT	5% UPT	1.036592428789554	1.035905464094536	1.1036122894973648	Config 2, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1474227346917285	1.1766488233511767	1.4228049877876334	Config 3, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1428947506976255	1.1709928290071709	1.3965805373441318	Config 4, diff co-ph	Avg UPT	50% UPT	5% UPT	1.008108250408045	1.0108069891930107	1.0187684792389766	(4,2) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1820144263676091	1.2242197757802242	1.4773107083172645	(8,1) beam group, diff co-ph	Avg UPT	50% UPT	5% UPT	1.1553203811930712	1.1952833047166953	1.3557012469469083	Ideal	Avg UPT	50% UPT	5% UPT	1.2193966198072976	1.2704777295222707	1.6804216480267387	
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