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1. Introduction
In RAN1 #86bis, the linear codebook or reduced space based codebook have been discussed. There are three aspects need to resolve in terms of linear codebook, i.e, beam selection (orthogonal basis or W1-based basis), feedback granularity (amplitude and/or phase, wideband and/or subband) and feedback mechanism. As for beam selection, the following agreement is achieved through email discussion.
· 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
· Type3: 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 to more than 16 ports, can be reused
In this contribution, we discuss on the beam selection of linear codebook and give our proposal based on simulation results and standard impacts.
2. Beam selection of linear codebook
2.1 Discussion on different beam selection schemes
There has been much discussion on the beam selection issue in past several meetings [1-3]. We summarize possible beam selection schemes as well as corresponding pros and cons as follows.
· Non-orthogonal basis
With non-orthogonal (W1-based) basis, there is no need to introduce new signals to indicate beam selection. Hence some feedback overhead can be saved. However, the vectors in W1 convey too much redundant information which is not helpful to recover the real channel information, especially in the case of coefficient quantization, which is verified by numerous simulation results and theoretical analysis [4].
· Unrestricted orthogonal beams
To our understanding, unrestricted orthogonal basis [3] can be done by determine the best orthogonal subspace and pick the best orthogonal beams in the corresponding sub-space. The former procedure is done by (n1, n2)and the latter is done by  the rotation factor (q1, q2). From performance aspect, this scheme can obtain the best performance since it can search the best case in all orthogonal basis, which of course leads to large feedback overhead. The feedback overhead can be calculated as, where K is the number of combination beams, Qj (j = 1, 2) are the rotation factors. For the configuration (N1, N2) = (4, 4), (Q1, Q2) = (4, 4) and K = 3, it leads to 16 bits overhead in terms of beam selection.
· Restricted orthogonal beams
To solve the overhead issue of unrestricted orthogonal beams scheme, we proposed restricted orthogonal pattern scheme. We conducted system level simulations to analyze the distribution of the best K – 1 orthogonal beam after UE determines i11/i12. We found that the most preferred orthogonal beams are the beams which nearby the best beam indicated by i11/i12. Therefore we can pre-define M (M ≤ 4) orthogonal beam groups based on the simulation results. More details can be found in the next section. It should be noticed that there is also no need to introduce new signals, i.e., i11/i12 can be reused directly. The maximum feedback overhead of this scheme is 11 bits which can be accommodated by PUCCH.
In [5], there is a concern that different array size different port layouts may require different orthogonal beam patterns, thus the idea that uses Rel-13 rank-3 or rank-8 W1 beam pattern as orthogonal basis is raised for the purpose of simplicity. However, we found that reuse such orthogonal beam pattern will cause relative performance loss. Simulation results are presented in next section.
Based on above discussion, we have following observation and proposal.
Observation 1: Restricted orthogonal beams scheme is a good tradeoff between system performance and feedback overhead, and its specification impacts are small.
Proposal 1: Adopt orthogonal beams with restricted beam pattern as the basis of linear combination codebook. 

2.2 Details on the design of restricted orthogonal beams pattern
To verify the rational of proposed scheme, we conduct system level simulations to analyze the distribution of the best 4 orthogonal beams after UE determines i11/i12 with configuration (N1, N2, O1, O2) = (4, 4, 4, 4) and (N1, N2, O1, O2) = (8, 2, 4, 4) in 3D-Umi and 3D-Uma scenarios. The orthogonal beam indexing of orthogonal beam is shown in Figure 1.


Figure 1 Orthogonal beam indexing of (N1, N2) = (4, 4) and (N1, N2) = (8, 2) respectively
Figure 2 shows the selected probability of each beam when we choose 4 best companion beams for each selected beam. It is observed that the distribution of the best beams doesn’t vary a lot in different scenarios.
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Figure 2(a) Probability of being selected in (N1, N2) = (4, 4) for Umi (left) and Uma (right)
[image: ][image: ]
Figure 2(b) Probability of being selected in (N1, N2) = (8, 2) for Umi (left) and Uma (right)
Figure 3 shows the designed pattern of the selected beams. To summarize general rules for beam pattern design, each beam group contains the orthogonal beams near the best beam. 


Figure 3(a) Beam pattern in (N1, N2) = (4, 4) for Umi (left) and Uma (right)

Figure 3(b) Beam pattern in (N1, N2) = (8, 2) for Umi (left) and Uma (right) 
From above simulation result, we also find that different scenario may require different orthogonal beam patterns. To address this problem, we can reuse the paramter codebook-config defined in Rel-13 to distinguish scenario. Hence we make the following proposal.
Proposal 2: Rel-13 RRC signaling codebook-config can be reused in the design of linear combination codebook with restricted orthogonal beams for W1.

3. Simulation results
Various simulation results show that the feedback granularity of coefficient severely impacts the performance of linear codebook. For clarification, the simulation setups related to linear codebook are listed in Table 1. Other system parameters are attached in appendix.
Table 1 Simulation setups related to linear codebook
	
	Description

	Beam selection
	Wideband

	Amplitude coefficient
	Wideband, per layer per polarization

	Phase coefficient
	Subband, per layer per polarization

	Number of combination beams
	Represented by K

	Quantization level
	Amplitude: 2 bits quantized
Phase: 3 bits quantized

	Pre-defined orthogonal beam groups
	Represented by M

	Transmission rank
	Adaptation between rank-1 and rank-2


As for proposed scheme, the restricted orthogonal beam pattern applied in simulation is shown as table 2. The indexing of each orthogonal beam set is shown as Figure 3.
Table 2 Orthogonal beam pattern applied in different systems of proposed scheme
	Number of combination beams K
	(N1, N2)
	Beam index of each pattern

	K = 3
	(4, 4)
	{0, 1, 4}, {0, 4, 12}, {0, 3, 4}, {0, 1, 12}

	
	(4, 2)
	{0, 1, 2}, {0, 2, 6}, {0, 1, 6}, {0, 2, 4}

	
	(2, 2)
	{0, 1, 2}



Table 3 collect the simulation result of different beam selection schemes. It should be noticed that for W1-based and the Rel.13 rank 8 config 3 beam pattern [5] schemes, the value of K is 4. Wheras for proposed scheme and the unrestricted scheme, the value of K is 3.
Table 3 System performacn of different beam selection schemes
	3D-UMi scenario with FTP1 service

	(N1, N2)
	FTP load
	Scheme
	RU
	Mean
	5%

	(4, 4)
	4.4
	Legacy config 1
	0.60
	25.12
	6.69

	
	
	W1-based
	0.58
	+2.9%
	+14.8%

	
	
	Rel.13 rank 8 config 3 beam pattern [5]
	0.58
	+0.7%
	+11.2%

	
	
	Proposed scheme, K = 3, M = 4
	0.56
	+5.5%
	+23.5%

	
	
	Unrestricted scheme [3], K = 3
	0.54
	+8.8%
	+25.4%

	(4, 2)
	3.7
	Legacy config 1
	0.59
	24.36
	5.55

	
	
	W1-based
	0.55
	+4.2%
	+21.3%

	
	
	Rel.13 rank 8 config 3 beam pattern [5]
	0.55
	+3.5%
	+30.6%

	
	
	Proposed scheme, K = 3, M = 4
	0.54
	+7.5%
	+32.6%

	
	
	Unrestricted scheme [3], K = 3
	0.52
	+10.1%
	+45.4%

	(2, 2)
	3
	Legacy config 1
	0.62
	21.14
	3.39

	
	
	W1-based
	0.57
	+6.4%
	+17.4%

	
	
	Rel.13 rank 8 config 2 beam pattern [5]
	0.53
	+16.0%
	+38.3%

	
	
	Proposed scheme, K = 3, M = 4
	0.55
	+13.9%
	+35.7%

	
	
	Unrestricted scheme [3], K = 3
	0.54
	+14.2%
	+36.3%



It can be observed from the simulation results that:
· Even with only 3 beams combination, proposed scheme and unrestricted scheme outperforms W1-based scheme with 4-beam combination. 
· Comparing proposed scheme with the scheme in [5], though both schemes are based on orthogonal basis, proposed scheme achieves much larger performance gain, since the beam patterns designed in proposed scheme are largest probability selected.
· Comparing proposed scheme with unrestricted scheme, the unrestricted scheme provide marginal cell average gain than proposed scheme at the cost of feedback overhead.

4. Conclusions
In this contribution, we analyze pros and cons of different beam selection schemes and present numerous simulation results. Based on the analysis and simulation results, we have the following proposals.
Proposal 1: Adopt orthogonal beams with restricted beam pattern as the basis of linear combination codebook. 
Proposal 2: Rel-13 RRC signaling codebook-config can be reused in the design of linear combination codebook with restricted orthogonal beams for W1.
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6. Appendix

	System level simulation parameters

	Scenarios
	3D-UMi 200m ISD and 3D-Uma 200m ISD

	Antenna Configurations
	2x1 virtualization, with 130°tilt

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Period is 5 ms and overhead is accounted.  

	HARQ
	Max 4 retransmissions

	Transmission rank
	Adaptation between rank-1 and rank-2

	SU/MU pre-coding
	BD

	Scheduling
	Proportional fair, up to 2 UEs, up to 2 layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, Ideal channel covariance /PMI feedback

	Delay for scheduling and AMC
	6ms

	Receiver
	MMSE-IRC. With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom (Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	
Non-ideal modeling of channel estimation error modeling is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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