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Introduction
In RAN1#87, a working assumption was made regarding the advanced CSI codebook proposed in [1]. Although not explicitly mentioned, the working assumption only captures advanced CSI reporting mechanisms for Class A, meaning that advanced CSI reporting for Class B as well as hybrid Class A/B advanced CSI reporting is still unresolved. Online discussions in RAN1 has mostly focused on Class A design, although several design proposals regarding Class B design for advanced CSI have been presented by companies during the last couple of RAN1 meetings, so an agreement on Class B reporting should be possible.
In this contribution, we present our view on Class B designs for advanced CSI feedback.
Motivation for Class B Advanced CSI reporting
In the discussion around advanced CSI feedback in RAN1, most companies have assumed Class A type of behaviour with 16-32 non-precoded antenna ports and have designed their proposals with this setup in mind. It is our view that the primary use case for advanced Class B CSI reporting is when it is combined with advanced Class A CSI reporting in a classic hybrid Class A/B fashion where non-precoded CSI-RS are transmitted at a larger periodicity and the reported W1 is used to determine the beamforming on the Class B CSI-RS. Another use case for advanced Class B CSI reporting is when it is combined with reciprocity where the beam direction is determined by the eNodeB using reciprocity instead of a W1 report.  Thus, advanced CSI reporting for Class B should be tailored towards either hybrid Class A/B or reciprocity-aided Class B operation, meaning that there should be a commonality between the Class A and Class B advanced CSI codebooks. 
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Thus, the main benefit of Class B advanced CSI reporting is reduced CSI-RS overhead, similarly to hybrid Class A/B operation using the Rel-13/14 Class A codebook. It may also give the eNB additional flexibility in selecting the beam direction by for instance using reciprocity instead of a W1 report. Further, Class B reporting of advanced CSI may reduce UE complexity.
As the Class A advanced CSI codebook uses 2 beams, the W1 matrix has 4 columns and correspondingly, the Class A W2 matrix may be seen as being applied to an effective channel  consisting of 4 antenna ports. Thus, advanced CSI codebook for Class B should support beam combining over maximum of 4 antenna ports as well so that it is compatible and has comparable performance, feedback overhead and complexity with Class A advanced CSI reporting. Furthermore, as using only 2 antenna ports will result in a Rel-13 codebook behavior with only one beam and cophasing over polarizations, we need only support beam combining over 4 antenna ports for Class B.
One may further consider to allow an 8 port CSI-RS resource to be configured with advanced CSI Class B reporting, and in that case include a port selection component in the Class B codebook. In that case, 4 out of the 8 antenna ports could be selected in a first step, and a 4 port W2 codebook could be applied on the selected ports. The use case for this could presumably be to probe L=4 beams and let the UE select the best 2 beams. However, as the Class A W1 feedback only comprises the 2 strongest beams, the eNB has no information about which beam candidates are appropriate and would have to rely on e.g. reciprocity. It is well known, though, that while estimating the strongest channel beam directions based on long-term reciprocity in FDD is feasible in most cases, estimating weaker beam directions can be more problematic and error-prone. Further, using twice the number of CSI-RS ports for Class B goes against the very purpose of using hybrid Class A/B reporting in the first place, which is to reduce CSI-RS overhead. In fact, for 16TX and 2 UEs in the cell, no CSI-RS overhead reduction is achieved compared to Class A if 8 port Class B CSI-RS is used.  Thus, we see no need for allowing 8 port CSI-RS resource to be configured and including a port selection component in the Class B codebook.

Observations:
· Advanced CSI reporting for Class B can be motivated by CSI-RS overhead reduction, increased eNB flexibility as well as reduced UE complexity
· Feedback overhead, complexity and performance of Class B advanced CSI reporting should be similar to Class A advanced CSI reporting
· Implying beam combining over the same number of beams as in Class A 
· Use of port selection component in Class B advanced CSI codebook is not motivated

Proposal 2:  Advanced CSI reporting for Class B is supported only for 4 antenna ports.


Class B Advanced CSI Codebook Design
According to the working assumption ([1],[4]), the Class A advanced CSI codebook design can on a high level  be summarized as follows:
The advanced CSI codebook for Class A keeps the familiar factorized codebook structure, where the precoding matrices  are decomposed into a wideband matrix factor and subband  matrix factor as
.
The W1 comprises the following: 
· Beam selection: Provide an selection of  orthogonal (2D) DFT beams from a (rotated) DFT basis, to ensure that the selected beams correspond to the multi-path components of the channel. 
· Beam power allocation: Setting the relative power level of the two beams in the precoder so that the relative strength of the different multi-path components of the channel are taken into account.
The  matrix may thus be expressed as a beam selection matrix  and a power scaling matrix as

The  codebook comprises co-phasing/combination between different beams on the same polarization and between different polarizations of the same beam and may (for rank 2) be expressed as

where , ,  is a beam combining vector for polarization r and layer l, the elements of which are selected from a QPSK constellation.
In hybrid Class A/B operation, the   matrix, , will be fed back in the Class A report and will be used to determine the precoding for the Class B CSI-RS.  For the Class B codebook design, we see the following alternatives:
1. Use a dual-stage codebook structure with a wideband    and a subband , where a    matrix consists of a power scaling matrix and a  matrix  is identical to the Class A advanced CSI codebook. That is, the precoders in the Class B advanced CSI codebook may be expressed as
,
Where ,  ,  and   is the same power scaling matrix that is a   -component in the Class A advanced CSI   codebook and  is the same as the Class A advanced CSI  matrix. 
If the Class B advanced CSI codebook is structured in this way, the UE applies a wideband per-port power scaling (which translates to a beam power scaling) with the matrix  and linearly combines the ports into layers with the matrix . To create the beamformed Class B antenna ports, the eNB does not have to apply a power scaling  directly on the antenna ports, as would have been the case if the Class A   matrix ,   would have been used directly to beamform the Class B antenna ports.
2. Use a single-stage codebook and re-use the Class A W2 codebook directly, i.e.
,
where  again is from the advanced Class A  codebook. Since a per-port power scaling is      not done by the UE with this codebook alternative, the beam power scaling must be accounted for by another mechanism (as observed in [2], using phase only beam combining does not result in good performance). The following options can be considered:
	
a. The eNB can include the power scaling in the CSI-RS beamforming by setting a different power level on the different CSI-RS ports. This could lead to poorer channel estimation performance on the weaker beams though, which may not be desirable.
b. The UE should assume the power scaling reported as part of the  report in the previous Class A report should be applied on top of Class B CSI-RS ports before applying Class B codebook, so that the beam power selection is semi-persistent. This option may not be desirable either since it creates an inter-dependency between the Class A and Class B CSI reporting, essentially limiting the eNB to directly following the  report by the UE. Since eNB flexibility is one of the arguments for introducing advanced CSI reporting for Class B, this speaks against this option.
c. The eNB signals the power scaling as part of the CSI request.  This option may not be desirable either due to the additional signaling overhead.


Since the additional overhead of alternative 1 over alternative 2 is small (2 wideband bits), we propose that alternative 1 should be adopted as the Class B advanced CSI codebook:
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Periodic reporting of Class B Advanced CSI on PUCCH
According to our proposal in the previous section, the payload for Class B advanced CSI reporting is as follows:
W1:
· Port power scaling: 2 bits
W2:
· Port phase scaling: 6 / 12 bits for rank 1 / 2
Thus, since the W1 payload is smaller for Class B than for Class A advanced CSI reporting, it is an easier problem to fit the report on PUCCH for periodic reporting and the same principles as discussed in detail in our companion contribution [5] on Class A advanced CSI reporting mechanisms can be used. For instance, Class B reporting can be split up in two PUCCH transmissions, where the first PUCCH transmission contains RI (3 bits) and port power scaling (i.e. W1, 2 bits). The second PUCCH transmission then contain a subsampled W2 (4 bits, according to our proposal in [5]) and CQI (7 bits for rank > 1). 
[bookmark: _GoBack]Evaluation Results
In this section, we present evaluation results comparing Class A versus Hybrid Class A/B operation with the proposed advanced CSI codebooks. The simulations are performed using an 8x4 antenna array with 2x1 virtualization in the 3GPP 3D-UMi scenario. All systems perform MU-MIMO using SLNR precoding. For the systems with advanced CSI enhancements, Class A and Class B similar to the Rel-14 codebooks are used, but utilizing 8-PSK instead of QPSK phase constellation. For the hybrid system, an 80ms periodicity is used for the Class A CSI-RS. The baseline system uses an extended Rel. 13 codebook with Config 2. Remaining simulation parameters are captured in the Appendix.
The results are presented in Figure 1 below. The Hybrid Class A/B system performs slightly better than the Class A system and a cell edge gain of 7% is seen. 


[bookmark: _Ref462757331][bookmark: _Ref462757329]Figure 1: Comparison between Class A and Hybrid Class A/B advanced CSI reporting

Conclusions
In this contribution, we have discussed advanced CSI reporting for Class B eMIMO-Type and have made the following observations:

Observations:	
· Advanced CSI reporting for Class B can be motivated by CSI-RS overhead reduction, increased eNB flexibility as well as reduced UE complexity
· Feedback overhead, complexity and performance of Class B advanced CSI reporting should be similar to Class A advanced CSI reporting
· Implying beam combining over the same number of beams as in Class A 
· Use of port selection component in Class B advanced CSI codebook is not motivated

Based on these observations, we have made the following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: 	Advanced Class B CSI reporting enhancements should be tailored towards either hybrid Class A/B or reciprocity-aided Class B operation. There should be a commonality between Class A and Class B advanced CSI codebooks

Proposal 2:  Advanced CSI reporting for Class B is supported only for 4 antenna ports.
Proposal 3: 	For Class B advanced CSI reporting, use a dual-stage codebook structure with a wideband  and a subband , where the  matrix consists of a power scaling matrix and the  matrix is identical to the Class A advanced CSI  matrix
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Appendix

[bookmark: _Toc462402224]Simulation parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	8x4 with 2x1 virt., UMi (130° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Advanced CSI codebook (when used)
	Number of beams: 2
Beam space rotation hypotheses per dimension: 4
Beam power: 4 states 
Co-phasing: 8-PSK 

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 18 MU layers

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS



Performance of enhanced codebooks

50% RU CE UTP gain	Rel-13 Class A CB	Class A Adv. CSI CB	Hybrid Class A/B Adv. CSI CB	0	28	35	50% RU Mean UTP gain	Rel-13 Class A CB	Class A Adv. CSI CB	Hybrid Class A/B Adv. CSI CB	0	13	15	
Gain [%]
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