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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 the companion contribution [2], a linear combination (LC) codebook framework is proposed which supports both orthogonal and non-orthogonal W1 beam groups. In this contribution, a proposal about the rank 1 LC codebook is provided and the simulation results in support of the proposal are also presented. The rank 2 LC codebook proposal is provided in another companion contribution [3]. 
2. Rank 1 Linear Combination Codebook
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Figure 1: Rank 1 W1 beam group
As proposed in the companion contribution [2], a UE is configured with a rank 1 W1 beam group for LC codebook using RRC parameter Codebook-Config, where
· Codebook-Config = 1 corresponds to unrestricted orthogonal beam group; and
· Codebook-Config = 2, 3, 4 correspond to Rel. 13 Class A rank 1 beam group.
An illustration of the two types of W1 beam groups is shown in Figure 1. The W1 and W2 codebook details for the two types of beam groups are as follows:
· Codebook-Config = 1
· W1 codebook comprises of the following components:
· L = {2, 3} beams which are selected WB from the full orthogonal basis;
· Orthogonal basis: there are O1 × O2 full orthogonal basis each comprising of N1 × N2 orthogonal beams; the leading beam indices {i, j} of each orthogonal basis belong to   and , so it requires  bits to indicate an orthogonal basis;
· Strongest beam index: the index of the strongest beam in the reported orthogonal basis needs to be indicated, which requires  bits indication;
· Indices of remaining L - 1 beams, which requires ; and
· Beam power levels for L – 1 beams: assuming 2 bits per beam, it requires 2(L – 1) bits. Note that the strongest beam power is 1.
· W2 codebook comprises of LC coefficient vectors  where  are L co-phase values,  are L coefficients, and both  belong to QPSK or 8PSK alphabet for each l.  
· Codebook-Config = 2, 3, 4
· W1 codebook comprises of non-orthogonal basis as in Rel. 13 Class A rank 1 W1 codebook for Codebook-Config = 2, 3, 4; and 
· W2 codebook comprises of the following components:
· L = {2, 4} beams which are selected SB (only when L = 2);
· LC coefficient vectors  as explained for Codebook-Config = 1, except that both  belong to QPSK alphabet for each l in this case.
The W1 beam group can then be expressed as , where
·   whose columns correspond to L W1 beams; and
·  if Codebook-Config = 1, then  corresponds to the squared-root of beam power; otherwise  is an identity matrix.
The spacing between leading beams of two adjacent beam groups, denoted as (s1, s2), determines the number of bits needed to indicate a beam group using the first PMI pair (i1,1, i1,2). For example, 
· Codebook-Config = 2, 3, 4,  and  indicate a W1 beam group; and 
· Codebook-Config = 1,  and  indicate an orthogonal basis (where L beams are selected from).
Since the oversampling factor (O1, O2) can take a value from {(4, 4), (8, 4), (8, 8), (4, -), (8, -)} depending on the antenna port layouts for 8, 12, 16, 20, 24, 28, or 32 ports in total, for simplicity, we propose to set (s1, s2) = (O1/4, O2/4) for 2D port layouts and (O1/4, -) for 1D port layouts, regardless of the number of antenna ports belonging to {8, 12, 16, 20, 24, 28, 32} and Codebook-Config parameter value {1, 2, 3, 4}. This is proposed even for {20, 24, 28, 32} ports where we have only one (O1, O2) value for each antenna port layout. Note that this choice of (s1, s2) parameter ensures that the effective oversampling across the leading beams of the beam groups is 4. Also, the overhead associated with the beam group selection does not change across antenna port layouts. 
For Codebook-Config 1 – 4, all WB W1 codebook components are reported jointly as the first PMI pair (i1,1, i1,2) and all SB W2 codebook components are reported jointly as the second PMI i2. The rank 1 LC pre-coder is given by

The W1 and W2 reporting payloads for the proposed rank 1 LC codebook is shown in Table 1, where we assume that . In this table, for Codebook-Config = 2, 3, and 4, the overhead of SB beam selection of L = 2 out of 4 beams (6 such selection possibilities) is taken into consideration. 
[bookmark: _Ref462743616]Table 1: W1 and W2 reporting payload
	Config 1
	Config 2, 3, 4

	L
	W1 (bits)
	W2 (bits), QPSK
	W2 (bits), 8PSK
	L
	W1 (bits)
	W2 (bits)

	2
	14
	6
	9
	2
	8
	9

	3
	19
	10
	15
	4
	8
	14


Proposal 1: For rank-1 advanced CSI reporting, support linear combination codebook W = W1W2, where for
· Codebook-Config = 1
· W1 codebook comprises of the following components: orthogonal basis, strongest beam index, indices of remaining L-1 beams, and beam power for remaining L-1 beams; and
· W2 codebook comprises of L co-phase and L - 1 coefficients each of which belong to QPSK or 8PSK codebook; and 
· Codebook-Config = 2,3,4
· W1 codebook is similar to Rel. 13 Class A W1 codebook for Codebook-Config = 2,3,4; 
· W2 codebook has two components: 2 out of 4 beam selection if L = 2, and L co-phase and L - 1 coefficients each of which belong to QPSK codebook.
· The beam group spacing parameter is (s1, s2) = (O1/4, O2/4) for 2D port layouts and (O1/4, -) for 1D port layouts, regardless of the configured values of (N1,N2,O1,O2) and Codebook-Config.
· All WB CSI components are reported jointly as the first PMI pair (i1,1, i1,2) and all SB component are reported jointly as the second PMI i2.
The W2 component of the proposed rank 1 LC codebook can be applied to enhance Class B CSI reporting. For instance, for K = 1 and P ports, the UE can report a PMI, which indicates a linear combination of L = P/2 ports. Similarly, the idea is applicable to enhance hybrid CSI feedback scheme in which two types of CSI-RS resources, for example non-precoded and beamformed CSI-RS, are associated with two eMIMO-Types. The PMIs reported in one or both of the two CSIs can be the linear combination codebook based PMI. 
Proposal 2: The W2 component of the proposed rank 1 LC codebook is used to enhance Class B and hybrid CSI reporting. 
3. Simulation Results
To evaluate the performance of the proposed rank 1 LC codebook, 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 3 in the Appendix. The results are provided for 32 antenna ports with (N1,N2) = (4,4). The relevant simulation parameters are enlisted in Table 2. The rest of the simulation assumption is according to [4]. The performance gains of the proposed rank 1 codebook with Rel. 13 Class A Codebook for Codebook-Config = 2 as reference is shown in Figure 2. Based on these results, we can make the following observations:
Observation: The proposed rank 1 LC codebook achieves good performance gain over Rel. 13 Class A codebook: ~6-11% gain in avg. UPT and ~7-23% gain in 5% UPT.






	


[bookmark: _Ref462763531]Figure 2: Performance gain
4. Conclusion
This contribution proposes a rank 1 linear combination codebook. The proposals and observations made can be summarized as follows.
Proposal 1: For rank-1 advanced CSI reporting, support linear combination codebook W = W1W2, where for
· Codebook-Config = 1
· W1 codebook comprises of the following components: orthogonal basis, strongest beam index, indices of remaining L-1 beams, and beam power for remaining L-1 beams; and
· W2 codebook comprises of L co-phase and L - 1 coefficients each of which belong to QPSK or 8PSK codebook; and 
· Codebook-Config = 2,3,4
· W1 codebook is similar to Rel. 13 Class A W1 codebook for Codebook-Config = 2,3,4; 
· W2 codebook has two components: 2 out of 4 beam selection if L = 2, and L co-phase and L - 1 coefficients each of which belong to QPSK codebook.
· The beam group spacing parameter is (s1, s2) = (O1/4, O2/4) for 2D port layouts and (O1/4, -) for 1D port layouts, regardless of the configured values of (N1,N2,O1,O2) and Codebook-Config.
· All WB CSI components are reported jointly as the first PMI pair (i1,1, i1,2) and all SB component are reported jointly as the second PMI i2.
Proposal 2: The W2 component of the proposed rank 1 LC codebook is used to enhance Class B and hybrid CSI reporting. 
Observation: The proposed rank 1 LC codebook achieves good performance gain over Rel. 13 Class A codebook: ~6-11% gain in avg. UPT and ~7-23% gain in 5% UPT.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 70% 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

	Receiver
	MMSE-IRC

	Codebook
	Reference: Class A, (O1,O2) = (4,4), Codebook-Config = 2
LC codebook: as proposed


[bookmark: _Ref458694248]Table 3: Non-full buffer simulation results for 32 ports, UMi-2GHz
	Codebook
	RU
	Avg. UPT
	50% UPT
	5% UPT
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	Class A
	55.3%
	19.97
	21.05
	8.71
	100.0%
	100.0%
	100.0%

	Config 2, L = 2
	50.0%
	21.73
	23.13
	9.80
	108.8%
	109.9%
	112.5%

	Config 2, L = 4
	49.8%
	22.00
	23.45
	10.33
	110.2%
	111.4%
	118.6%

	Config 1, L = 2, QPSK
	52.1%
	21.30
	22.50
	9.42
	106.7%
	106.9%
	108.2%

	Config 1, L = 2, 8PSK
	50.3%
	21.56
	22.95
	9.75
	108.0%
	109.0%
	111.9%

	Config 1, L = 3, QPSK
	50.2%
	21.83
	23.46
	9.91
	109.3%
	111.4%
	113.8%

	Config 1, L = 3, 8PSK
	49.9%
	22.21
	24.01
	10.72
	111.2%
	114.1%
	123.1%
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Class A	Avg. UPT	50% UPT	5% UPT	1	1	1	Config 2, L = 2	Avg. UPT	50% UPT	5% UPT	1.0881321982974463	1.098812351543943	1.1251435132032146	Config 2, L = 4	Avg. UPT	50% UPT	5% UPT	1.1016524787180773	1.1140142517814726	1.1859931113662456	Config 1, L = 2, QPSK	Avg. UPT	50% UPT	5% UPT	1.0665998998497748	1.0688836104513064	1.081515499425947	Config 1, L = 2, 8PSK	Avg. UPT	50% UPT	5% UPT	1.0796194291437156	1.0902612826603324	1.1194029850746268	Config 1, L = 3, QPSK	Avg. UPT	50% UPT	5% UPT	1.0931397095643465	1.1144893111638954	1.1377726750861079	Config 1, L = 3, 8PSK	Avg. UPT	50% UPT	5% UPT	1.1121682523785679	1.1406175771971496	1.2307692307692306	
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