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Introduction
At the RAN1 NR AH meeting [1], CSI feedback framework was discussed. Candidate schemes for CSI Type I were discussed and the following was agreed.
	Agreements:
· For Type I for single panel case with two-stage, i.e. W1W2, codebook-based PMI feedback, 
· Bi in W1 consists of a set of L DFT beams 
· For all ranks: FFS value(s) of L 
· FFS: Orthogonal or non-orthogonal beams
· Select from following alternatives:
[image: ]
        Alt4: , B as Alt 3
· Other alternatives are not precluded
· Note: the above matrices are constructed with 2D DFT precoders
· W2 is constructed, by down-selecting from following alternatives: 
· Alt 1: co-phasing only; beam selected wideband (in W1). 
· Alt 2: basis combination coefficient based on L basis based W1
· Alt 3: beam selection and co-phasing from L-beam based W1
· Alt 4: LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook) (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
· Other alternatives are not precluded


At the RAN1 #88 meeting [2], CSI feedback Type I was discussed and the agreements are captured as followings:
	Agreements:
· For Type I single panel codebook,
· For W1, also consider:
Alt 5:  , ;
· At least for rank 1 and rank 2, candidate DFT beam number in B (or Bi) in W1 is L=1, 2, 4 and/or 7 (other values are not precluded), if applicable
· FFS: whether or not down-selection of the L values
· FFS: configurability of L value
· For L>1, if supported:
· Alt. a: free selection of L beams by UE
· Alt. b: at least one beam group pattern is defined
· FFS: whether or not down selection of the patterns
· FFS: configurability of the patterns
· FFS: beam pattern is reported by UE
· Alt. c: selection of L beams by gNB
· FFS: signaling details
· For L>1, if supported:
· FFS: whether L beam selection is the same for rank 1 and rank 2 (nested property) or it is different
· For L=1, if supported:

· For 2D port layout, candidate beam group patterns for Alt. b for L = 2 (if supported) are as follows.
· FFS: the value of  and .
[image: ]
· For 2D port layout, candidate beam group patterns for Alt. b for L = 4 (if supported) are as follows.
· FFS: the value of  and .
· Other patterns are not precluded.
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· For 1D port layout, a beam group pattern for Alt. b contains a row of L>1 (if supported) beams uniformly and/or non-uniformly separated by d.
· FFS value of d.
· FFS: for L>1 (if supported), whether a single (d1,d2) or multiple (d1,d2) values are supported


In this contribution, we discuss in more detail about the CSI feedback Type I design, evaluation resultsand corresponding observations are provided.
General structure of Type I codebook
Type I CSI is designed to provide necessary CSI information with low CSI feedback overhead. Therefore, the codebook structure shall be as simple as possible. Note that the CSI Type I like codebook has been intensively studied in LTE, resulting in a general codebook structure, as follows.
 
where , with , and   contains vectors for beam selection per polarization and co-phasing between polarizations. During the LTE study, numerous evaluations were made and eventually the above codebook structure is selected. For NR Type I CSI feedback, the similar design can be reused. 
Proposal 1: For single panel antenna array,  codebook design is based on the structure of , where each matrix  contains 2D DFT precoders for each polarization.
Proposal 2: For single panel antenna array,  codebook contains beam selection and co-phasing for L-beam based .
Scalable codebook design
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Various types of codebooks were specified in LTE for different antenna port numbers and different antenna port layouts, due to the phased study of different antenna array sizes and structures. In LTE Rel. 8, codebooks are specified for 2 and 4 ports. In Rel. 10, codebooks are specified for 8 ports (with 1D layout only) and up to 8 layers, and focused on cross-polarized antenna array. In Rel. 12, an alternative 4-port codebook is designed to further optimize the performance. In Rel. 13, a very flexible codebook design is introduced, the antenna port layout is parameterized by the number of ports per dimension of a 2D port layout. It supports cross polarized array with the port layouts listed in Table I. 
Table I: Supported configurations of (N1, N2) and (O1, O2) in LTE Rel. 13/14.
	Number of 
CSI-RS antenna ports, P
	

	


	
	
	

	8
	(2,2)
	(4,4), (8,8)

	12
	(2,3)
	(8,4), (8,8) 

	
	(3,2)
	(8,4), (4,4) 

	16
	(2,4)
	(8,4), (8,8) 

	
	(4,2)
	(8,4), (4,4) 

	
	(8,1)
	(4,-), (8,-)

	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)


In the NR codebook design, it is desired to consider a flexible codebook design, too. Considering that the LTE Rel. 10 8-port codebook and Rel. 12 4-port codebook share some similar structure of the LTE Rel. 13 codebook, it is expected that a natural extension of the LTE Rel. 13 codebook to cover those two use cases shall be reasonable. 
During the Rel. 13 codebook specification, a general scalable codebook framework was proposed to cover both 1D and 2D port layouts. However, it makes the specification very complicated, with a lot of special descriptions for the 1D layout. For the purposed of a concise and clear specification, it is proposed to separate the design and specification for the 1D and 2D port layouts.
Proposal 3: Separate the codebook design/specification for 1D port layout (N1=1 or N2=1) and 2D port layout (N1>1 and N2>1).
Proposal 4: Consider a scalable codebook design, parameterized by the number of ports per dimension of a 2D port layout to cover all necessary 2D antenna port numbers for NR.
Proposal 5: Consider a scalable codebook design, parameterized by the number of ports of a 1D port layout to cover all necessary 1D antenna port numbers for NR.

For a given antenna port number, it shall be further studied, which antenna port layout is supported. Such discussion shall take into account different possible antenna port labeling options, as illustrated in Figure 1 and Figure 2.
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Figure 1: Port labeling option 1: different codebooks for different structures with a same number of ports.
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Figure 2: Port labeling option 2: By transpose indexing, a single codebook can be applied for different structures with a same number of ports.
Observation 1: Antenna port layout for codebook design can be further studied.
The LTE Rel. 10, 12 and 13 codebooks are mainly based on the grid of beam approach, as illustrated in Figure 3. The precoding matrix are constructed by selection and combination of DFT beams which span the entire angular domain. Suitable precoders are searched in two stages. The first stage beam searching with  codebook is wideband and can be long-term, wherein a group of candidate beams are found. The second stage beam searching with  codebook can be subband and short term, wherein beams are selected and co-phase is determined across different polarizations. Several parameters are related to the grid of beam, and the beam group, which may impact the performance of the codebook.
[image: ]
Figure 3: Illustration of the grid of beam and beam group.
Besides the flexible configurability of the antenna port layout, the LTE Rel. 13 codebook also provides the configurability of the beam number of the beam group configuration. Beam number is controlled by a so-called over-sampling factor. The beam number in a single dimension is the product of antenna port number Ni times the over-sampling factor Oi. The supported over-sampling factor values are listed in Table I for different antenna port layouts. For a single number of antenna port number, there are quite a few different combinations of over-sampling factors. The original intension is to allow more flexible configurability. However, the design shall be simplified if different over-sampling factor combinations do not effectively impact the performance.
Observation 2: Combination of over-sampling factor should be further reduced compared to Rel. 13 LTE codebook.
Proposal 6: Over-sampling factor values shall be optimized for each array configuration, based on performance evaluation.
Details of W1 codebook design
In the LTE Rel. 13 codebook, four different beam group configurations are provided. The beam group pattern for rank 1 and rank 2 are illustrated in Figure 4. Among the four configurations, Config 1 is a special case as the beam group contains only one active beam. Using Config. 1, there is no further beam selection in stage two and the feedback overhead can be reduced. However, the beam group size and beam group pattern is designed to capture the wideband and long-term channel characteristics. The selection of the beam group will impact the performance. 
[image: ]
Figure 4: LTE Rel. 13 codebook beam group patterns.
The above beam group patterns were designed for 12 and 16 port arrays, which are not so massive. Given that the NR antenna array may be larger, it may be necessary to further optimize the beam group design. With more antenna elements, very narrow beams will be formed. More beams or wider beam spacing are needed to cover a specific angle spread. In addition, sub-array structure within the supported antenna port layout can be introduced for more flexible control of the beam width. Performance benefit shall then be clarified.
Observation 3: Beam group size and beam group pattern can be studied.
Typically, the beam group can be formed by either orthogonal beams or non-orthogonal beams. In Figure 5, we enumerate candidate non-orthogonal beam group patterns for different beam groups sizes of 1, 2 or 4. Note that pattern X-1 (X=1, 2, 4) and pattern 4-Y (Y=1, 2, 3, 4, 5) are used in the LTE Rel. 13 codebook. Pattern 2-Z (Z=1, 2, 3, 4, 5) are designed to be a natural extension of 1-beam or 4-beam patterns. In the NR codebook design, beam size/pattern can be selected based on the enumerated candidates for each given antenna array layout. In practice, a same port layout may be formed by different antenna element to TXRU mapping schemes, e.g., sub-array vs. full-connection; and the number of antenna elements mapped to a single TXRU may also be different. In addition, different deployment scenario may lead to different codebook requirement. Therefore, it may be beneficial to allow configurability of the beam group size and/or pattern. 


Figure 5: Candidate non-orthogonal beam group size (L) and patterns (L-K) for NR.
Orthogonal beam groups can be constructed in similar way as non-orthogonal beam groups except that beams are separated by multiples of over-sampling factor. The total number of orthogonal beams within a beam group is limited by N1N2. Another construction of the beam group is to enlarge the spacing between the neighboring beams in Figure 5. Note that for higher rank, it may be desired that orthogonal beams are used for different layers. Depending on the rank number, the requirement orthogonal beam number is different. For rank 1 and rank 2, beam group patterns in Figure 5, and their extensions (by enlarging the actual spacing between numbering grids), shall suffice. 
Given the above discussion, the following proposal is made.
Proposal 7: Beam group size and/or pattern design details shall be optimized for each array configuration, based on performance evaluation.
Proposal 8: At least for Rank 1 and 2, select orthogonal and/or non-orthogonal beam group patterns based on the patterns depicted below and FFS the actual spacing di (e.g., 1, 2, Oi) between the neighboring grids for each array configuration.

Proposal 9: Study the configurability of the following:
· Beam group size.
· Beam group pattern.
· Orthogonal or non-orthogonal beam group.
To verify the impact of beam group size, beam group pattern, and oversampling factor, evaluation was conducted and the evaluation results are summarized in Figure 6 - Figure 7. The evaluation assumptions follow the NR calibration assumptions for UMa scenario, i.e., the frequency band is 4GHz, the gNB antenna configuration is (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), the antenna port layout is (N1, N2) = (4,4), in which N1 represents the antenna port number in vertical dimension and N2 is the antenna port number in horizontal dimension. To achieve such configuration, antenna array to TXRU virtualization is applied in a sub-array fashion. For this antenna port layout, the oversampling factor combination has two configurations: (O1, O2) = (4,4) and (O1, O2) = (8,4). Detailed evaluation assumptions can be found in the appendix. To avoid skipping beams caused by beam group spacing setting in Rel.13 class A codebook design, which sets (s1, s2) = (1,1) for Config. 1 and (s1, s2) = (2,2) for Config. 2-4, we set the (s1, s2) value as the Table II indicated for each pattern. The corresponding overhead is calculated in the table, as well. In Table II, N is the number of sub-band. 
Table II: Beam group spacing setting for each beam pattern and the corresponding feedback overhead
	
	Beam group spacing
	W1
	W2
	In total

	Pattern 1-1
	s1=s2=1
	8
	2
	8+2N

	Pattern 2-2
	s1=1, s2=2
	7
	3
	7+3N

	Pattern 2-3
	s1=s2=1
	8
	3
	8+3N

	Pattern 2-4
	s1=2, s2=1
	7
	3
	7+3N

	Pattern 2-5
	s1=s2=1
	8
	3
	8+3N

	Pattern 4-2
	s1=s2=2
	6
	4
	6+4N

	Pattern 4-3
	s1=s2=1
	8
	4
	8+4N

	Pattern 4-4
	s1=2, s2=1
	7
	4
	7+4N

	Pattern 4-5
	s1=s2=2
	6
	4
	6+4N




Figure 6(a) performance compare among beam patterns (O1=O2=4) 

Figure 6(b) performance compare among beam patterns (O1=8, O2=4)  
From two figures above, it can be observed that in general, beam pattern 4-Y (Y=2, 3, 4, 5) outperforms pattern 2-Z (2, 3, 4, 5), especially when the oversampling factor is higher (i.e., O1=8, O2=4).
Regarding the beam pattern down selection, we should also take the payload into consideration. As shown in Table II, to traverse every single beam among all the beams, payload for W1 of pattern 2-Z (2, 3, 4, 5) is larger or equal to W1 payload of pattern 4-Y (Y=2, 3, 4, 5), while the overhead for W2 of pattern 2-Z (2, 3, 4, 5) is lower than 4-Y (Y=2, 3, 4, 5) because the beam number is less in pattern 2-Z. 
Figure 7(a)-Figure 7(e) show the performance compare between oversampling factors for pattern 1-1, pattern 4-2, pattern 4-3, pattern 4-4 and pattern 4-5.

Figure 7(a) performance compare between oversampling factors for pattern 1-1

Figure 7(b) performance compare between oversampling factors for pattern 4-2

Figure 7(c) performance compare between oversampling factors for pattern 4-3

Figure 7(d) performance compare between oversampling factors for pattern 4-4

Figure 7(e) performance compare between oversampling factors for pattern 4-5
From the five figures above, it can be observed that the high oversampling factor does not always outperform low oversampling factor, i.e., for pattern 1-1, oversampling factor (O1, O2) = (8,4) performs almost the same compared to (O1, O2) = (4,4), for pattern 4-2, oversampling factor (O1, O2) = (8,4) has higher performance in low and middle RU case while in high RU case the performance is not as good as oversampling factor (O1, O2) = (4,4). For pattern 4-4 and pattern 4-5, in low RU case, lower oversampling factor performs better than high oversampling factor.
Based on the observation, oversampling factor reduction can be taken into consideration since higher oversampling factor does not always performs better. It shall also be taken into account that CSI Type II can provide better spatial resolution. In that sense, over-sampling factor can be further optimized/down selected for CSI Type I.
Details of W2 codebook design
[bookmark: _GoBack]For Type I CSI feedback, the W2 codebook design shall support a joint operation with W1 as well as LTE-Class-B-type-like CSI feedback, i.e., based on UE-specific beamformed CSI-RS. For the UE-specific beamformed CSI-RS, the codebook shall support at least 2, 4 or 8 ports. However, it is desired that the codebook design for LTE-Class-B-type-like CSI feedback does not incur separate/additional design of the CSI Type I feedback.
Proposal 10: For single panel antenna array,  codebook supports LTE-Class-B-type-like CSI feedback with at least 2, 4 and 8 ports.
Summary
In this contribution, we discuss the Type I CSI feedback for NR. Based on the discussion, we have the following observations and proposals.
Observation 1: Antenna port layout for codebook design can be further studied.
Observation 2: Combination of over-sampling factor should be further reduced compared to Rel. 13 LTE codebook.
Observation 3: Beam group size and beam group pattern can be studied.
Proposal 1: For single panel antenna array,  codebook design is based on the structure of , where each matrix  contains 2D DFT precoders for each polarization.
Proposal 2: For single panel antenna array,  codebook contains beam selection and co-phasing from L-beam based .
Proposal 3: Separate the codebook design/specification for 1D port layout (N1=1 or N2=1) and 2D port layout (N1>1 and N2>1).
Proposal 4: Consider a scalable codebook design, parameterized by the number of ports per dimension of a 2D port layout to cover all necessary 2D antenna port numbers for NR.
Proposal 5: Consider a scalable codebook design, parameterized by the number of ports of a 1D port layout to cover all necessary 1D antenna port numbers for NR.
Proposal 6: Over-sampling factor values shall be optimized for each array configuration, based on performance evaluation.
Proposal 7: The following codebook design details shall be optimized for each array configuration, based on performance evaluation.
· Over-sampling factor;
· Beam group size and/or pattern.
Proposal 8: At least for Rank 1 and 2, select orthogonal and/or non-orthogonal beam group patterns based on the patterns depicted below and FFS the actual spacing di (e.g., 1, 2, Oi) between the neighboring grids for each array configuration.
Proposal 9: Study the configurability of the following:
· Beam group size.
· Beam group pattern.
· Orthogonal or non-orthogonal beam group.
Proposal 10: For single panel antenna array,  codebook supports LTE-Class-B-type-like CSI feedback with at least 2, 4 and 8 ports.
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Appendix
Table A Simulation Assumptions
	Parameter
	Values

	Scenarios
	NR Urban macro

	Traffic model
	FTP

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (Downlink)

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),
(dH, dV) = (0.5, 0.8) 
(N1, N2) = (4,4)

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	Oversampling factor
	(O1, O2) = (4,4) / (8,4)

	UE number per TRP
	10 

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 

	UE antenna pattern
	Omni-directional

	UE velocity
	20% Outdoor in cars: 3km/h,
80% Indoor in houses: 3km/h

	UE receiver
	MMSE-IRC

	Scheduler
	Multi-user PF scheduler

	MU dimension
	4



performance compare among beam patterns(beam spacing=1, O1=O2=4)

pattern 1-1	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.689	11.038	33.026000000000003	22.856000000000002	5.6299000000000001	18.809000000000001	14.436	2.4906999999999999	10.382	pattern 2-2	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.866	11.429	34.953000000000003	23.715	5.8173000000000004	19.972999999999999	14.454000000000001	2.5282	10.433999999999999	pattern 4-2	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.161000000000001	11.215	34.1	23.37	5.9832999999999998	19.507999999999999	16.504000000000001	3.3607999999999998	12.596	pattern 2-3	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.816000000000003	12.409000000000001	34.380000000000003	22.629000000000001	5.7773000000000003	18.640999999999998	14.507999999999999	2.5922999999999998	10.46	pattern 4-3	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.75	12.866	35.545000000000002	24.172000000000001	6.141	20.46	15.648999999999999	2.8397000000000001	11.398	pattern 2-4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.590000000000003	11.749000000000001	34.380000000000003	24.225999999999999	6.5434000000000001	20.164999999999999	14.776999999999999	2.6852	10.645	pattern 4-4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.356999999999999	11.491	36.158000000000001	25.064	6.5027999999999997	21.183	14.689	2.5621999999999998	10.727	pattern 2-5	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.093000000000004	11.244999999999999	33.554000000000002	23.91	6.0610999999999997	20.068000000000001	15.1	2.8302	11.009	pattern 4-5	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.796999999999997	10.837999999999999	35.246000000000002	24.146000000000001	6.0523999999999996	20.068000000000001	14.826000000000001	2.8689	10.512	
Throughput(Mbits/s)




performance compare among beam patterns(beam spacing=1, O1=8,O2=4)

pattern 1-1	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.96	11.848000000000001	33.287999999999997	22.677	5.4542000000000002	18.978999999999999	14.272	2.3096000000000001	10.305	pattern 2-2	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.286000000000001	11.096	31.536000000000001	23.957000000000001	5.7851999999999997	20.262	14.442	2.5794999999999999	10.512	pattern 4-2	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.219000000000001	11.749000000000001	35.848999999999997	23.834	5.8992000000000004	19.972999999999999	14.64	2.8359000000000001	10.538	pattern 2-3	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.643999999999998	11.275	33.026000000000003	22.611000000000001	5.2560000000000002	18.809000000000001	16.03	3.4380000000000002	11.848000000000001	pattern 4-3	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.430999999999997	12.483000000000001	35.848999999999997	25.983000000000001	6.6787999999999998	22.192	15.44	3.2768000000000002	11.367000000000001	pattern 2-4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.829000000000001	10.81	32.768000000000001	23.695	6.2507999999999999	20.068000000000001	16.134	3.2363	12.087	pattern 4-4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.844999999999999	11.555	34.380000000000003	25.007999999999999	6.6365999999999996	20.867000000000001	16.414000000000001	3.4721000000000002	12.157	pattern 2-5	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.783999999999999	11.882	33.825000000000003	23.591999999999999	6.0090000000000003	19.783999999999999	13.688000000000001	2.5358999999999998	9.7542000000000009	pattern 4-5	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.162999999999997	11.215	33.287999999999997	25.67	6.7108999999999996	22.192	14.89	3.1511999999999998	10.866	
Throughput(Mbits/s)




Performance compare between oversampling factors for pattern 1-1 

O1=O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.689	11.038	33.026000000000003	22.856000000000002	5.6299000000000001	18.809000000000001	14.436	2.4906999999999999	10.382	O1=8,O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	33.96	11.848000000000001	33.287999999999997	22.677	5.4542000000000002	18.978999999999999	14.272	2.3096000000000001	10.305	
Throughput(Mbits/s)




Performance compare between oversampling factors for pattern 4-2 

O1=O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.161000000000001	11.215	34.1	23.37	5.9832999999999998	19.507999999999999	16.504000000000001	3.3607999999999998	12.596	O1=8,O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.219000000000001	11.749000000000001	35.848999999999997	23.834	5.8992000000000004	19.972999999999999	14.64	2.8359000000000001	10.538	
Throughput(Mbits/s)




Performance compare between oversampling factors for pattern 4-3 

O1=O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.75	12.866	35.545000000000002	24.172000000000001	6.141	20.46	15.648999999999999	2.8397000000000001	11.398	O1=8,O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.430999999999997	12.483000000000001	35.848999999999997	25.983000000000001	6.6787999999999998	22.192	15.44	3.2768000000000002	11.367000000000001	
Throughput(Mbits/s)




Performance compare between oversampling factors for pattern 4-4 

O1=O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	35.356999999999999	11.491	36.158000000000001	25.064	6.5027999999999997	21.183	14.689	2.5621999999999998	10.727	O1=8,O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.844999999999999	11.555	34.380000000000003	25.007999999999999	6.6365999999999996	20.867000000000001	16.414000000000001	3.4721000000000002	12.157	
Throughput(Mbits/s)




Performance compare between oversampling factors for pattern 4-5 

O1=O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.796999999999997	10.837999999999999	35.246000000000002	24.146000000000001	6.0523999999999996	20.068000000000001	14.826000000000001	2.8689	10.512	O1=8,O2=4	low RU avg. 	low RU 5%	low RU 50%	middle RU avg. 	middle RU  5%	middle RU50%	high RUavg. 	high RU 5%	high RU 50%	34.162999999999997	11.215	33.287999999999997	25.67	6.7108999999999996	22.192	14.89	3.1511999999999998	10.866	
Throughput(Mbits/s)




- 1/11 -
image1.png
B B i i
Alt1: W, = [31 ; ], B; = [b},..,b}_,|;
1 —B;

B B i i
Alt2: W, = [Bz —Blz]’ B; = [bl;--;bi—1]i

[

B 0
Alt 3: Wl = 0 B]: B = [bOI"IbL—l];




image2.emf
Pattern 2-1 Pattern 2-2 Pattern 2-3 Pattern 2-4

d

1

d

2

d

1

d

2

d

1

d

2

d

1

d

2


image3.emf
Pattern 4-1 Pattern 4-2 Pattern 4-3 Pattern 4-4

d

1

d

2

d

1

d

1

d

1

d

2

d

2

d

2


image4.wmf
(

)

2

1

,

N

N


oleObject1.bin

image5.wmf
(

)

2

1

,

O

O


oleObject2.bin

image6.png
(N1, N) = (3,2)
X, X
1 4
7xl()x
XX

(Mrxru, Nrxru, Prxeu) = 3,2, 2)

(N1, Np) = (2,3)
0 2 4

XK XWX
XXX

(Mrxry, Nrxru, Prxey) = (2,3, 2)




image7.png
(N1, N) = (3,2)
X, X
1 4
7xl()x
2 5
s XX

(Mrxru, Nrxru, Prxeu) = 3,2, 2)

(Ny, Np) = (2, 3)

XXX
XX X

(Mrxrus Nrxrus Prxry) = (3, 2, 2)




image8.png
N,O,

D

maste

=

m|grody

2-D grid of beams

N,O;





image9.emf
Config. 1 Config. 2 Config. 3 Config. 4


image10.emf
Pattern 4-1 Pattern 4-2 Pattern 4-3 Pattern 4-4 Pattern 4-5

Pattern 2-1 Pattern 2-2 Pattern 2-3 Pattern 2-4 Pattern 2-5

Pattern 1-1


oleObject3.bin
Pattern 4-1


Pattern 4-2


Pattern 4-3


Pattern 4-4


Pattern 4-5


Pattern 2-1


Pattern 2-2


Pattern 2-3


Pattern 2-4


Pattern 2-5


Pattern 1-1



