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1	Introduction
At the last RAN1#88bis, the following agreements were reached regarding Type II CSI feedback [1]:
· Study mechanisms targeting efficient use of peak and/or average CSI overhead for CSI feedback Type II.
· For Category I, e.g.
· Mechanism 1: Frequency selective precoding feedback with delay-related parameter(s) (e.g. R1-1704884, R1-1705927)
· Mechanism 2: Differential CSI reporting in time domain h(e.g. R1-1705349, R1-1705588)
· Mechanism 3: Uneven quantization bit allocation for the beam amplitudes or/and phases (e.g. R1-1705076)
· Mechanism 4: Matrix quantization considering inter-layer orthogonality for W2(e.g., R1-1704408)
· Note: performance should be also considered for overhead reduction 
· Other examples are not precluded. 
· For Type I and II Cat1 (if Cat1 is supported) single panel codebooks ( structure):
· The exact design of  is to be decided in RAN1#89 for both Type I and Type II Cat1 (if Cat1 supported)
· For W1 codebook, companies are encouraged to perform more evaluations comparing the different alternatives
· For Type II CSI feedback (Cat 1, if supported), at least rank 1 and rank 2 are supported
· FFS other ranks
· For beam selection:
· Support at least unconstrained beam selection from orthogonal basis
· FFS to support a common design of W2 for Cat. 1, Cat. 2 and Cat. 3 
· FFS for Cat. 3, W2 only feedback is allowed
· FFS amplitude feedback for W2 (e.g., wideband, subband, etc.)
· Note: this does not mean NR supports all three categories
· FFS whether or not to merge Category 1 and Category 3 using a unified codebook formulation
In this contribution, we further develop the design of the NR Type II Category 1 codebook.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Codebook Design Parameters
In RAN1#88bis, we indicated our support for Scheme 1-1 of the Type II Category 1 codebook.  We will now focus solely on Scheme 1-1 and consider the design parameters associated with this codebook.  These parameters include the number of beams to support per polarization in  (or, more specifically, in the beam matrix  within ), how to select the beams (whether they are freely selected or some selections are constrained), whether beam scaling is wideband (WB), subband (SB), or a combination of the two, how beam scaling varies with polarization and layer, and the details of phase quantization in .  In the remainder of this contribution, we will discuss most of these design parameters and make proposals as to how they should be supported in the NR Type II codebook.
3	Analysis of Codebook Design Parameters
We first consider beam selection in the linear combination codebook.  Beam selection is performed based on wideband channel statistics to provide a basis for the fed back precoding vectors.  The selected beams should be orthogonal to simplify working with the vectors and determining the combining coefficients.  These two points have been previously agreed at the RAN1 NR AH in Spokane [2].  The LTE Rel-14 linear combination codebook allows free selection of the first beam in  and then constrains the selection of the second beam to save overhead.  However, the constraint has no effect until either  or .  In the NR codebook, free selection of the first beam should be allowed within the two-dimensional DFT grid and free selection of the remaining beams from the beams orthogonal to the first beam should be allowed.  Any extra overhead required occurs at wideband and is less expensive than overhead per subband and will allow the codebook to achieve better performance.
Proposal 1:  Support free selection of the first beam in  within the two-dimensional DFT grid and free selection of the remaining L-1 beams from the beams orthogonal to the first beam.
It was agreed at RAN1#88 [3] that the number of beams in the Category 1 codebook is configurable and may be 2, 3, or 4 beams with 6 beams FFS.  We simulated Category 1 codebooks with these beam counts to compare the performance as a function of the number of beams.  Codebooks using wideband or subband beam scaling were simulated with 2 bits of amplitude quantization and 2 bits of phase quantization.  Amplitude scaling at wideband is constant over both polarization and layer.  When beam scaling is subband, it varies over both layer and polarization.  Phase quantization occurs at subband and varies over both layer and polarization. 
The simulations are performed in a 3D UMi environment using a bursty traffic model with a file size of 0.5 Mbytes and an offered load of 14 Mbps.  Data transmissions use rank adaptive MU-MIMO with a maximum UE rank of 2.  The gNB has 16 antenna ports with  and , and all codebooks use oversampling factors of .  Additional simulation parameters may be found in Table 1.  The spectral efficiency results are normalized to the results of the L=2 codebook with wideband beam scaling.
Simulation results are shown in Figure 1 where we note that the performance improvement with increasing number of beams levels off above 6 beams.  The performance gain from 4 to 6 beams is ~3-5% for both mean and cell edge while the gains from 3 to 4 beams are ~10% at cell edge.  Thus, the gains are reduced at 6 beams.  Let us also consider the overhead, which scales with the number of beams.  Considered simply, the phase overhead feedback is  per subband, where L is the number of beams, R is the rank, and  is the number of bits used to quantize each phase coefficient.  The total phase feedback overhead for 10 subbands with 2 bit phase quantization is shown in Table 1 as a function of the number of beams for rank 2.  This overhead would be increased by any additional subband overhead such as for subband amplitude scaling.  The additional overhead required to support 6 beams is not justified by the performance gains.
Observation 1:  While L=6 yields performance improvements of ~3-5% over L=4, the subband overhead is too large to justify support for L=6.
Proposal 2:  Support only L=2,3,4 (configurable) for the NR Type II Category 1 codebook.
[bookmark: _Ref481848927]Table 1.  Phase feedback overhead for 10 subbands
	L
	Overhead

	2
	160 bits

	3
	240 bits

	4
	320 bits

	6
	480 bits

	8
	640 bits
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[bookmark: _Ref481847963]Figure 1.  Performance as a function of number of beams (L).
Finally, we consider beam scaling in the Type II Category 1 codebook.  The simulation results in Figure 1 show a considerable gain over wideband beam scaling when subband beam scaling is employed.  Therefore, some form of subband beam scaling should be included in the Type II codebook.  Subband beam scaling can be direct, without wideband beam scaling, or differential, as an offset from the wideband beam scaling.  Differential beam scaling is expected to require less overhead and this is an important consideration as shown by the phase overhead in Table 1.  Differential scaling must be undertaken carefully, considering the fact that a beam scaling determined at wideband may need to be either increased or decreased on a per subband basis.
Observation 2:  Subband beam amplitude scaling yields significant gain over wideband amplitude scaling.
Proposal 3:  The NR Type II Category 1 codebook should support some form of subband beam scaling, whether direct or differential.
Proposal 4:  In a differential scheme for subband beam scaling, consider the need to increase or decrease the beam amplitude per subband.
Beam scaling may be designed to be constant with both layer and polarization or vary over either or both.  At subband, variation over both is desirable to form the best approximation of the ideal precoding vector by layer.  At wideband, variation of the beam scaling must be considered in terms of the codebook search.  Variation in the beam scaling with polarization is acceptable with sufficient performance improvement over beam amplitudes which are constant with polarization.  This is not likely to overly complicate the codebook search process.  However, we have concern that varying beam scaling with layer at wideband significantly increases the complexity of the codebook search at the UE.  Though this variation may provide gain, the complexity of the search process should be carefully considered when deciding whether the gain is worth the additional complexity.
Proposal 5:  When considering the variation of wideband beam scaling with polarization or layer, carefully consider the complexity of the codebook search.
[bookmark: _GoBack]4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The following observations and proposals have been presented in this contribution:
Proposal 1:  Support free selection of the first beam in  within the two-dimensional DFT grid and free selection of the remaining L-1 beams from the beams orthogonal to the first beam.
Observation 1:  While L=6 yields performance improvements of ~3-5% over L=4, the subband overhead is too large to justify support for L=6.
Proposal 2:  Support only L=2,3,4 (configurable) for the NR Type II Category 1 codebook.
Observation 2:  Subband beam amplitude scaling yields significant gain over wideband amplitude scaling.
Proposal 3:  The NR Type II Category 1 codebook should support some form of subband beam scaling, whether direct or differential.
Proposal 4:  In a differential scheme for subband beam scaling, consider the need to increase or decrease the beam amplitude per subband.
Proposal 5:  When considering the variation of wideband beam scaling with polarization or layer, carefully consider the complexity of the codebook search.
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Appendix	

[bookmark: _Ref471471514]Table 2.  Simulation Parameters
	Parameter
	Value

	Scenario
	3D-UMi with ISD = 200m

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	According to 36.873

	eNB transmit power
	41 dBm

	eNB antenna configuration
	(M,N,P) = (8,4,2)
(dV,dH) = ( 0.8, 0.5 ) λ
The 8 vertical elements are virtualized to 2 antenna ports with an electrical tilt of 1000 using the subarray connection model in 36.873

	Duplex mode
	FDD

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes, 14 Mbps offered load (targeting 50% RU)

	UE distribution
	According to 36.873: 20% outdoor (3km/h), 80% indoor (3km/h)

	UE antenna config.
	2 Rx, cross-polar (+90/0)

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modelling

	Feedback
	CQI and RI reporting every 5ms

	
	CQI Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with maximum UE rank of 2

	Scheduler
	PF with frequency selective scheduling
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