3GPP TSG RAN WG1 Meeting #87                                	         R1-1612415 
Reno, USA 14th - 18th November 2016
Source:        Samsung
Title:           Linear combination codebook design framework
[bookmark: Source]Agenda Item:   6.2.2.1.1
[bookmark: DocumentFor]Document for:  Discussion and Decision
1. Introduction
According to the email discussion [1] after RAN1#86b, the following agreement has been made.
· For advanced CSI feedback, at least one of the following types of beam group is supported 
· Type 1: Class A based W1 (non-orthogonal) 
· Type 2: Unrestricted orthogonal W1
· Type 3: Orthogonal beams with restricted beam pattern 
· For advanced CSI feedback, RAN1 will specify only rank-1 and rank-2 codebooks 
· FFS, rank 3-4 
· Note: For rank 5-8, Rel.13 codebooks, as well as the extension and/or enhancement to more than 16 ports, can be reused 
In this contribution, a linear combination (LC) codebook framework is proposed which supports both orthogonal and non-orthogonal W1 beam groups. The W1 beam groups for rank 1 and rank 2 LC codebooks are also proposed. The proposals about rank 1 and rank 2 W2 codebooks are provided in companion contributions [2, 3].
2. W1 Beam Groups
We start with providing simulation results to compare the three types of W1 beam groups (L = 4 beams in a beam group are shown as black squares in Figure 1).
· Type 1: This type corresponds to non-orthogonal beam group as in Rel. 13 Class A rank 1 W1 codebook for Codebook-Config = 2, 3, and 4. 
· Type 2: This type corresponds to unrestricted orthogonal beam group which are selected freely from N1N2 orthogonal beams in the full orthogonal DFT basis.
· Type 3: This type corresponds to orthogonal but fixed beam group as in Rel. 13 Class A rank 7 W1 codebook for Codebook-Config = 2, 3, and 4.
Assuming equal beam power, the number of bits to report the three types of W1 beam group is shown in Table 1, where we assume   and . Note that the unrestricted orthogonal W1 beam group requires 12 additional bits to report a beam group when compared with the Rel. 13 Class A rank 1 and rank 7 W1 beam group. 


[bookmark: _Ref454447770]Figure 1: Three types of beam groups
[bookmark: _Ref462437451]Table 1: Number of bits to report a W1 beam group
	Type 1 (Class A rank 1)
	Type 2 (Unrestricted)
	Type 3 (Class A rank 7)

	8 bits
	20 bits
	8 bits


To compare the three types of W1 beam groups, we consider un-quantized LC coefficient vector so that the impact of W2 codebook on W1 codebook design is minimized and the performance upper bound of the three types of beam groups can be quantified. The un-quantized c can be obtained as the least-square solution to minimize the squared error. In particular, for a basis matrix  whose columns correspond to L DFT beams depending on the W1 beam group and the dominant eigenvector  for a SB, the un-quantized coefficient vector is given by . For rank 2, the two un-quantized coefficient vectors are obtained for the two dominant eigenvectors assuming the same basis matrix 
The non-full-buffer system-level evaluation is carried out for UMi-2GHz channel model in medium (50% target RU) traffic loading scenario. The detailed results can be found in Table 6 and Table 7 in the Appendix for rank 1 and rank 2, respectively. The results are provided for 32 antenna ports with (N1, N2) = (4, 4). The relevant simulation parameters are enlisted in Table 5. The rest of the simulation assumption is according to [4]. The performance gains for the three types of beam groups are summarized in Figure 2. For comparison, the Rel. 13 Class A codebook is considered as the reference, and the ideal case in which dominant eigenvectors are known at the eNB is also considered as a performance upper bound. 
We can observe that there is no significant performance difference between the three types of W1 beam groups if un-quantized LC coefficients are considered. This suggests that, to differentiate them, we should consider quantized LC coefficients using W2 codebook. However, the W2 codebook that maintains good performance is likely to be different for the three types of beam groups. One reason is the fact that Type 1 beam groups have closely spaced beams, which are likely to fall in the most dominant channel cluster (hence require comparable beam power levels), and Type 2 and Type 3 beam groups have orthogonal or widely spaced beams, which are likely to fall in different channel clusters (hence require different beam power levels). It is therefore proposed that the three types of beam groups are compared based on their W2 codebook and associated W2 reporting payload (since the payload will be different for the three types of beam groups).  
Observation 1: Assuming un-quantized W2 LC coefficient, there is no significant performance difference between the three types of W1 beam groups.
· For rank 1, ~1% performance gap in avg. UPT, and ~2~5% performance gap in 5% UPT.  
· For rank 2, ~4-6% performance gap in avg. UPT, and ~5-8% performance gap in 5% UPT.    
Proposal 1: The three types of W1 beam groups should be compared based on their respective W2 codebook and associated W2 reporting payload. 



[bookmark: _Ref462439294]Figure 2: Performance gain for rank 1 and rank 2
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[bookmark: _Ref465949373][bookmark: _Ref466039826]Table 2: Rank 1 W2 payload
	Proposals
	W1 basis group type
	Beam power CB 
(bits/beam)
	Coefficients CB 
(bits/coef)
	2 beams
	3 beams
	4 beams

	[bookmark: _GoBack][5]
	Type 1, Class A rank 1 
	-
	2 (QPSK)
	8
	-
	8

	[5]
	Type 3, Class A rank 7
	-
	2 (QPSK)
	8
	-
	8

	[6]
	Type 2, Unres. Orth.
	2 (WB)
	2 (QPSK)
	14
	19
	-

	
	
	
	3 (8PSK)
	14
	19
	-



[bookmark: _Ref466039712]Table 3: Rank 1 W2 payload
	Proposals
	W1 basis group type
	Beam power CB 
(bits/beam)
	Coefficients CB 
(bits/coef)
	2 beams
	3 beams
	4 beams

	[5]
	Type 1, Class A rank 1 
	-
	2 (QPSK)
	6+3
	-
	14

	[5]
	Type 3, Class A rank 7
	-
	2 (QPSK)
	6+3
	-
	14

	[6]
	Type 2, Unres. Orth.
	2 (WB)
	2 (QPSK)
	6
	10
	-

	
	
	
	3 (8PSK)
	9
	15
	-
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[bookmark: _Ref466039715]Table 4: Rank 2 W2 payload
	Proposals
	W1 basis group type
	Beam power CB 
(bits/beam)
	Coefficients CB 
(bits/coef)
	2 beams
	3 beams
	4 beams

	[5]
	Type 1, Class A rank 1
	-
	2 (QPSK)
	6+3
	-
	14

	[5]
	Type 3, Class A rank 7
	-
	2 (QPSK)
	6+3
	-
	14

	[6]
	Type 2, Unres. Orth.
	2 (WB)
	2 (QPSK)
	12
	20
	-

	
	
	
	3 (8PSK)
	18
	30
	-



As pointed out earlier, the LC codebook should be designed based on the W2 codebook for the three types of beam groups and their corresponding W2 reporting payload sizes. The summary of the W1 and W2 reporting payload sizes for a few relevant W2 proposals from RAN1#86b are summarized in Table 2, Table 3, and Table 4 for rank 1 and rank 2 LC codebooks. It can be observed that for Type 2 (unrestricted orthogonal) beam group, W2 reporting payload is significantly larger than that for Type 1 and Type 3. In particular, going from rank 1 to rank 2, the payload size is doubled in case of Type 2 beam group, whereas the overhead remains the same in case of Type 1 and Type 3 beam groups. Though it is expected that the W1 and W2 reporting payloads will increase in advanced CSI codebook (compared to Class A codebook), but in our view, it should increase to a value which makes PUCCH mode 1-1 based periodic CSI reporting possible. Assuming PUCCH Format 3 is used for periodic CSI reporting, the maximum number of W2 bits that can be reported on PUCCH Format 3 is 15 (PUCCH Format allows a maximum of 22 bits for CSI reporting and rank 2 CQI reporting requires 7 bits). The W2 codebooks that don’t meet this limit are shown in red in Table 3 and Table 4. From this, we can make the following observation.
Observation 2: The periodic reporting of advanced CSI on PUCCH is not feasible for large size codebooks, e.g., rank 2 W2 codebook for Type 2 (unrestricted orthogonal) beam group (proposal in [6]). Therefore, the following W1 beam group alternatives can be considered. 
· Rank 1: Type 1 (Class A rank 1), Type 2 (unrestricted orthogonal), and Type 3 (Class A rank 7) 
· Rank 2: Type 1 (Class A rank 1) and Type 3 (Class A rank 7).
Based on these observations, we make the following proposal for the LC codebook framework.
Proposal 2:
· Periodic reporting of LC codebook based CSI on PUCCH is supported. 
· The following LC codebook framework is supported.
· Config 1: orthogonal W1 beam group
· Rank 1: Unrestricted orthogonal beam group 
· Rank 2: Rel. 13 Class A rank 7 orthogonal beam group for one of Codebook-Config = 2, 3, 4
· Config 2, 3, 4: non-orthogonal W1 beam group
· Both rank 1 and rank 2: Rel. 13 Class A rank 1 beam group for Codebook-Config = 2, 3, 4.
· For rank 3-8, Rel. 13 (and extension in Rel. 14) codebooks are used.
4. Conclusion
This document discusses the three types of W1 beam groups for LC codebook, and proposes a linear combination codebook framework which supports both orthogonal and non-orthogonal W1 beam groups. The observations and proposals made as follows.
Observation: Assuming un-quantized W2 LC coefficient, there is no significant performance difference between the three types of W1 beam groups.
· For rank 1, ~1% performance gap in avg. UPT, and ~2~5% performance gap in 5% UPT.  
· For rank 2, ~4-6% performance gap in avg. UPT, and ~5-8% performance gap in 5% UPT.    
Proposal 1: The three types of W1 beam groups should be compared based on their respective W2 codebook and associated W2 reporting payload. 
Observation 2: The periodic reporting of advanced CSI on PUCCH is not feasible for large size codebooks, e.g., rank 2 W2 codebook for Type 2 (unrestricted orthogonal) beam group (proposal in [6]). Therefore, the following W1 beam group alternatives can be considered. 
· Rank 1: Type 1 (Class A rank 1), Type 2 (unrestricted orthogonal), and Type 3 (Class A rank 7) 
· Rank 2: Type 1 (Class A rank 1) and Type 3 (Class A rank 7).
Proposal 2:
· Periodic reporting of LC codebook based CSI on PUCCH is supported. 
· The following LC codebook framework is supported.
· Config 1: orthogonal W1 beam group
· Rank 1: Unrestricted orthogonal beam group 
· Rank 2: Rel. 13 Class A rank 7 orthogonal beam group for one of Codebook-Config = 2, 3, 4
· Config 2, 3, 4: non-orthogonal W1 beam group
· Both rank 1 and rank 2: Rel. 13 Class A rank 1 beam group for Codebook-Config = 2, 3, 4.
· For rank 3-8, Rel. 13 (and extension in Rel. 14) codebooks are used.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]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)
	32 ports: (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
	Non-ideal

	Transmission rank
	1,2

	Receiver
	MMSE-IRC

	Codebook
	Reference: Class A, (O1,O2) = (4,4), UE-specific 
Codebook-Config = 2,3,4
LC codebook: W1 as proposed, W2 un-quantized
Ideal: eigenvectors are known to the eNB
Spacing between two adjacent W1 beam group (s1,s2) = (1,1)


[bookmark: _Ref450753763]Table 6: Non-full buffer simulation results: Rank 1
	Codebook
	Avg. UPT
	50% UPT
	5% UPT
	RU
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	Class A, Config 2,3,4
	19.97
	21.05
	8.71
	54.3%
	100.0%
	100.0%
	100.0%

	Type 1 (Class A rank 1)
	22.73
	24.69
	12.01
	49.6%
	113.8%
	117.3%
	137.8%

	Type 2 (Unres. Orth.)
	22.93
	24.85
	12.51
	49.2%
	114.8%
	118.0%
	143.6%

	Type 3 (Class A rank 7)
	22.72
	24.56
	12.31
	49.5%
	113.8%
	116.7%
	141.3%

	Ideal
	23.61
	26.14
	13.56
	48.2%
	118.2%
	124.2%
	155.6%


[bookmark: _Ref462439149]Table 7: Non-full buffer simulation results: Rank 2
	Codebook
	Avg. UPT
	50% UPT
	5% UPT
	RU
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	Class A, Config 2,3,4
	21.49
	17.89
	7.30
	55.5%
	100.0%
	100.0%
	100.0%

	Type 1 (Class A rank 1)
	28.81
	26.52
	10.51
	46.2%
	133.2%
	146.8%
	141.5%

	Type 2 (Unres. Orth.)
	21.49
	17.89
	7.30
	55.5%
	138.1%
	153.1%
	149.4%

	Type 3 (Class A rank 7)
	32.66
	32.18
	12.10
	42.6%
	134.1%
	148.2%
	144.1%

	Ideal
	28.61
	26.27
	10.33
	46.5%
	152.0%
	179.8%
	165.9%



Class A	
Rank 1, Avg. UPT	Rank 1, 5% UPT	Rank 2, Avg. UPT	Rank 2, 5% UPT	1	1	1	1	Type 1: Class A rank 1	
Rank 1, Avg. UPT	Rank 1, 5% UPT	Rank 2, Avg. UPT	Rank 2, 5% UPT	1.1382504631715988	1.3782139577594124	1.3320000000000001	1.415	Type 3: Class A rank 7	
Rank 1, Avg. UPT	Rank 1, 5% UPT	Rank 2, Avg. UPT	Rank 2, 5% UPT	1.1376996645135447	1.4126492194674014	1.341	1.4410000000000001	Type 2: unrestricted orth	
Rank 1, Avg. UPT	Rank 1, 5% UPT	Rank 2, Avg. UPT	Rank 2, 5% UPT	1.1483651294376847	1.4361799816345271	1.381	1.494	Ideal	
Rank 1, Avg. UPT	Rank 1, 5% UPT	Rank 2, Avg. UPT	Rank 2, 5% UPT	1.1820139201842672	1.5563590449954086	1.52	1.659	
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