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Introduction
In the NR study item, a variety of basis constructions were identified for Type I and Type II CSI feedback. For Type I CSI feedback, the following has been 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 
· Select from following alternatives:
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        Alt4: , B as Alt 3
· Other alternatives are not precluded
· Note: the above matrices are constructed with 2D DFT precoders

For Type II CSI feedback, the following has been agreed (note that we have extracted the relevant parts of the longer agreement for readability):

Agreements:
· For Category 1, study the following candidates. 
· Scheme 1-1:
· For W1: orthogonal basis based on, e.g. DFT beams
· Freely select  beams out of the group ( is configurable)
· FFS: down selection of L 
· Beam selection is wideband
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· Scheme 1-2: [image: ]
· Scheme 1-3: 
· W1 consists of orthogonal DFT beams
[image: ]
· Scheme 1-4: W1 consists of non-orthogonal DFT beams
[image: ]
As may be inferred from the agreements, the proposals for basis constructions for Type I and Type II CSI feedback are very similar. In fact, the basis used for Type II Scheme 1-1 corresponds to the basis used for Type I Alt. 3, while Type II Scheme 1-2 corresponds to Type I Alt. 4 and Type II Schemes 1-3 and 1-4 correspond to Type I Alts. 1 and 2. In this paper, we discuss these basis designs as well the question if beam selection should be restricted for Type II CSI feedback. 

Need for wideband beam co-phasing (Type II Schemes 1-3 & 1-4 and Type I Alts 1 & 2)
In some proposals for Type II Category 1 CSI feedback, namely Schemes 1-3 and 1-4, as well as Alts 1 & 2 for W1 design for Type I CSI feedback, basis vectors with different polarization states are used, so that the basis matrix may be expressed as

where  is a wideband cophasing factor. By this transformation, each column of the basis matrix is transmitted on both polarizations, effectively creating circularly or elliptically polarized basis vectors. If  is fixed, then the basis may be expressed as

corresponding to Scheme 1-3. If, on the other hand,  can be chosen from a set of predefined values, this corresponds to Scheme 1-4.  
To assess if wideband co-phasing is needed for Type II CSI feedback with beam combination, we perform simulations comparing
· No wideband cophasing (Scheme 1-1, as proposed in Section 3)
· Fixed wideband cophasing (Scheme 1-3)
· Variable wideband co-phasing, where  (Scheme 1-4)
All systems use  beams and wideband beam power, 3 bits each are used for power and phase quantization. The results are presented in Figure 7 below. As seen, all simulated systems perform roughly equal. Hence, there is no need to change the basis design compared to LTE Rel-14 advanced CSI codebook. 
	Scheme
	Cell edge gain [%]
	Normalized user throughput gain [%]

	32TX No wideband co-phasing (Scheme 1-1)
	0
	0

	32TX Fixed wideband co-phasing (Scheme 1-3)
	-4
	-1

	32TX 4 wideband co-phasing hypotheses (Scheme 1-4)
	-2
	0


[bookmark: _Ref473897035]Figure 1: Comparison of different Type II wideband co-phasing schemes
We perform similar simulations for Type I CSI feedback with beam selection and assess if wideband co-phasing is needed in this case, comparing:
· No wideband cophasing (W1 Alternative 3)
· Fixed wideband cophasing (W1 Alternative 1)
· Variable wideband co-phasing, where  (W1 Alternative 2)
All systems use a W2 with polarization cophasing and no subband beam selection. The results are presented in Figure 2below. As seen, all simulated systems perform roughly equal. Hence, there is no need to change the basis design compared to LTE Rel-13 Class A codebook. 

	Scheme
	Cell edge gain [%]
	Normalized user throughput gain [%]

	32TX No wideband cophasing (W1 Alternative 3)

	0
	0

	32TX Fixed wideband cophasing (W1 Alternative 1)

	-2
	-4

	32TX 4 wideband co-phasing hypotheses 
	-2
	-3


[bookmark: _Ref477984144]Figure 2: Comparison of different Type I wideband co-phasing schemes

Observations:
· No performance benefit of wideband cophasing for either of Type I or Type II CSI feedback compared to LTE Rel-14 W1 design
Proposal:
· Type II Schemes 1-3 and 1-4 as well as Type I W1 Alts 1 and 2 are precluded.
Constrained or unconstrained beam selection for Type II CSI feedback
In LTE Rel-14 advanced CSI codebook, W1 is constructed using unconstrained selection of two beam from the DFT basis, for  antenna ports. For  antenna ports however, a restriction on beam selection was made in order to keep down W1 overhead in order to better fit on legacy feedback channels. In our previous contribution to RAN1#87 [1], we showed that restricting the beam selection can have a significant performance impact compared to the very small reduction in feedback overhead that is achieved. That is, restricting the beam selection only saves a handful of bits in W1 overhead (which is wideband). But as the majority of feedback overhead for Type II reporting comes from W2, the handful of bits (or even just one bit) saved by restricting the beam selection in W1 is a negligible part of the total overhead. This is even more true in NR, where subband amplitude, up to 8 beams and larger bandwidths are considered. Further, Type II feedback in NR could only be supported for aperiodic CSI reporting, removing the need to constrain the design to fit the CSI feedback to fit on smaller payload channels. Thus, artificially limiting W1 by introducing constrained beam selection will result in a suboptimal design and should not be supported.
To evaluate the performance loss of constrained beam selection, we perform simulations with Type II codebook using 32TX and   beams, with both wideband and subband amplitude. In the unconstrained beam selection case, any of the 16 beams in the basis may be chosen. In the constrained beam selection case, a set of  beams are selected in a first step, as in the Rel-14 codebook for 32TX, where the set is given by a 4x2 rectangle with the leading beam in the bottom left corner (similar to the red beams in Figure 1). The  beams are then selected from the  beams in a second step.
The results are presented in Figure 7. For the simulated  beams case, constrained beam selection has a substantial negative performance impact compared to unconstrained beam selection, with around 10% loss in mean user throughput and even larger on cell edge. In fact, unconstrained beam selection with wideband amplitude performs similar as constrained beam selection with subband amplitude, and has a substantially lower feedback overhead. Thus, if the intent with constrained beam selection is to save feedback overhead, a much better option is to use unconstrained beam selection and wideband amplitude instead.
 [image: ]
[bookmark: _Ref474151638]Figure 7: Performance of constrained beam selection, 32TX, 70% RU
Observations:
· Constrained beam selection was used for advanced CSI in LTE Rel-14 in order to fit a W1 report on legacy feedback channels, this requirement does not exist for NR
· Constrained beam selection saves at most a few bits in W1 overhead, which is negligible compared to the W2 overhead, especially if subband amplitude, many beams and large bandwidths are used
· Substantial performance losses with constrained beam selection
Proposal: 
· Unconstrained beam selection from all  beams in the basis is supported for Type II CSI feedback

Conclusion
In this contribution, we have compared basis designs for Type I and Type II CSI feedback and made the following observations:
Observations:
· No performance benefit of wideband cophasing for either of Type I or Type II CSI feedback compared to LTE Rel-14 W1 design
· Constrained beam selection was used for advanced CSI in LTE Rel-14 in order to fit a W1 report on legacy feedback channels, this requirement does not exist for NR
· Constrained beam selection saves at most a few bits in W1 overhead, which is negligible compared to the W2 overhead, especially if subband amplitude, many beams and large bandwidths are used
· Substantial performance losses with constrained beam selection
Proposal:
· Type II Schemes 1-3 and 1-4 as well as Type I W1 Alts 1 and 2 are precluded.
· Unconstrained beam selection from all  beams in the basis is supported for Type II CSI feedback
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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
	32 TX: 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

	Type II CSI codebook (when used)
	Number of beams: 4
Beam space rotation hypotheses per dimension: 4
Beam power: 8 states, subband or wideband
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, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 8 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
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•   phase combining coefficients   –   For rank 1:     ,    –   For rank 2:     •     ;    ,    –     is a 2D DFT beam where   –     –     –     corresponds to the nu mber of CSI - RS ports   
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•   phase combining coefficients   –   For rank 1:     
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  •     ;  ,2, 3 ,    –     is a 2D DFT beam where   –     –     –   N 1 =2M 1 , N 2 = M 2   or   N 1 = M 1 , N 2 = 2 M 2   –     corresponds to the number of CSI - RS ports   
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•     •     is a 2D DFT beam where   •     •     •   Rotation factors    commo n for all beams in   
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•     •   is a 2D DFT beam and  , where    and reported on  wideband  


image7.emf

image1.png
Bl Bz ]lBi — [bl""bi—l]r
AItl:W1=[B1 -B, | ! ]
Alt2: W, = B, -B,

B O]Bz[bov"'bL—l];
AIt3:W1=[0 b




image2.emf
•   ;   


