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Discussion and Decision
1
Introduction
At the last RAN1 NR ad hoc meetting, the following agreement was reached regarding Type II CSI feedback [1]:
· The following two categories of Type II CSI are considered:

· Category 1: Precoder feedback

· Category 2: Covariance matrix feedback

· Category 3: Hybrid CSI feedback i.e. Type II CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)

· For Category 1, study the following candidates. 

· Scheme 1-1:

· Support dual-stage W = W1W2 codebook for Type II codebook for single-panel

· For W1: orthogonal basis based on, e.g. DFT beams

· Freely select [image: image2.png]L e{2,34[68]}



 beams out of the group ([image: image4.png]


 is configurable)

· FFS: down selection of L 

· Beam selection is wideband

· For W2: L beams are combined in W2 independently per layer with common W1

· Subband reporting of phase quantization 

· FFS: alphabet size for phase quantization 

· Beam amplitude scaling can be wideband or subband reporting

· With subband reporting, independent amplitude on different polarizations and layers

· FFS: different wideband amplitude on different polarizations and/or layers

· FFS: either configurability or down selection between wideband or subband

· FFS: the number of bits for quantization 

[image: image5.emf]•   ;   


· [image: image7.png]


 diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for polarization r and layer l  

[image: image8.emf]•   phase combining coefficients   –   For rank 1:     ,    –   For rank 2:     •     ;    ,    –     is a 2D DFT beam where   –     –     –     corresponds to the nu mber of CSI - RS ports   


[image: image9.emf]•     beam amplitude scaling factor for beam    and on polarization r and layer    (diagonal elements of P)   •   F FS if  = (common amplitude on layers), or  = (c ommon amplitude  on polarization)   •     beam combining coefficient (phase) for beam    and on polarization  r  and layer     


· Further refinement on details can be done

· Scheme 1-2: similar to Scheme 1-1 except for

· [image: image11.png]


 diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for port group r and layer l  

[image: image12.emf]•   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   


[image: image13.emf]•     beam amplitude scaling factor for beam    and on  port group   r and layer    (diagonal  elements of P)   •   FFS if  = (common amplitude on layers), or  = (common amplitude on  port group )   •     beam combining coefficient (phase) for beam    and on  port   group   r  and layer      


· Further refinement on details can be done

· Scheme 1-3: similar to Scheme 1-1 except for 

· W1 consists of orthogonal DFT beams

[image: image14.emf]•     •     is a 2D DFT beam where   •     •     •   Rotation factors    commo n for all beams in   


· W2

· Beams are combined on subband

[image: image15.emf]•   For layer  ,  ,  ,2,….  


[image: image16.emf]•     and   


· Same or different number of quantization bits for [image: image18.png]N; or Pi




· Scheme 1-4: similar to Scheme 1-1 except for

· W1 consists of non-orthogonal DFT beams

[image: image19.emf]•     •   is a 2D DFT beam and  , where    and reported on  wideband  


· W2

· Beams are combined on subband

[image: image20.emf]•   For layer  ,  ,  ,2,….   •     and    •   Same or different number of quantization bits for   


· Scheme 1-5: similar to Scheme 1-1 except for
· W1 consists of orthogonal DFT beams selected from configured beam groups
· W2: L beams are combined in W2 with common W1

[image: image21.emf]•   Co efficients for all layers and beams are designed jointly to achieve inter - layer  orthogonality, i.e., for L beams (beam 0  –   beam L - 1), R layers (layer 1  –   layer R)  and two pols (pol 0  –   pol 1)   ,   


· Other candidates are not precluded

· For Category 2, study the following candidates:

· Scheme 2-1: UE feedbacks the best M orthogonal DFT basis vectors along with corresponding covariance matrix entities
[image: image22.emf]•   UE selects best    from  the specified  NR Type I, and then find the remaining  vec tors  to construct  U   matrix accordingly which fulfils  U H U   =  I,  .    •   UE feedbacks best  M   indices and  A (π(1: M ), π(1: M )) values where  A=U H CovU   and  Cov   is wideband covariance matrix.   


· Scheme 2-2: Use the same codebook as Category 1 to quantize M (≥1) dominant eigenvectors of the (sample) covariance matrix 

· Other candidates are not precluded

· For Category 3, study the following candidates:
· W1: Long term CSI W1 can be acquired by the following approaches

· W1 codebook in Category 1 e.g orthogonal DFT beams selected from configured beam groups
· Beam selection based on beamformed CSI-RS (e.g. DFT beams based)

· Channel reciprocity

· NOTE that RSRP-like report may be used instead of CQI

· Some restrictions should be considered in Beam/Beam group based feedback
· E.g. To avoid two or more selected DFT beams corresponding to one path, the direction difference should be sufficient for any two selected beams.
· Other restriction is not precluded
· FFS:  Criteria for beam selection
· Both CQI and RSRP-like reporting should be studied.
· FFS : How to determine the number of reported beams 
· Both Configured by gNB and determined by UE can be considered
· W2:  Full CSI feedback based on beamformed CSI-RS and ports selection/combination codebook (Class-B-like codebook). (NOTE: W1 and W2 are derived from different set of CSI-RS resources)
In this contribution, we present simulation results for the LTE Rel-13 and proposed Rel-14 codebooks and propose a baseline for comparing NR codebook performance. In addition, we propose an additional scheme under Category 1 for study and evaluation.
2
Simulation Results and Analysis
We simulated the LTE Rel-13 and proposed Rel-14 [3] advanced CSI (also shown as a working assumption in [2]) codebooks with 16 transmit antennas (2,4,2) to compare their performance in bursty traffic conditions. Simulation results with additional antenna configurations may be found in [3]. Simulation parameters are shown in Table 2. All four configurations of the Rel-13 codebook are simulated, all with oversampling factors of (4,4) to match the oversampling used in the proposed Rel-14 codebook. The proposed Rel-14 advanced CSI codebook is a linear combination codebook with two beams where the amplitude of the second beam is scaled relative to the first beam using two bits of amplitude scaling. The subband combining coefficients are QPSK phase coefficients with the coefficient of the first beam and first polarization set to 1 for each layer. Simulation results are shown in Table 1, where mean and cell edge UE spectral efficiencies are shown. The results show that, as currently configured, the proposed Rel-14 codebook may not provide significant gains over the Rel-13 codebooks. The results in [3] indicate this may be true for many antenna configurations.
Observation 1: The proposed Rel-14 advanced CSI codebook may not provide significant gains over the Rel-13 codebooks.
A modified version of the proposed Rel-14 codebook was also simulated where the subband beam scaling is applied.  In this case, per-element quantization of the subband eigenvectors of the composite subband covariance matrix (i.e., including the effect of W1) was used to find the scaling coefficients. All coefficients were quantized relative to the strongest coefficient. Each coefficient was quantized using two bits for amplitude and two bits for phase, consistent with the amplitude and phase quantization used in the proposal. The feedback overhead for each codebook is included in Table 1, separated into wideband and subband parts. The modified codebook performs better than the proposal and better than the best Rel-13 codebook. The performance shown in Table 1 is repeated graphically in Figure 1 as gains relative to the Rel-13, Config 1 codebook. Improved performance with subband scaling was also shown in [5], though results in that case used the codebook described in [6].
Observation 2: Subband scaling in a modified version of the proposed Rel-14 LTE advanced CSI codebook improves codebook performance achieving better performance than the Rel-13 codebooks.
The Rel-13 codebooks exist for ranks up to 8 and are being extended in Rel-14 to 32 antenna ports. As the proposed Rel-14 codebook performance is still being characterized, we propose to use the Rel-13 codebook (with Rel-14 extensions) as the baseline for NR codebook performance comparisons.
Proposal 1: Use the Rel-13 codebook (with Rel-14 extensions) as the baseline for performance comparisons of NR codebooks.
Table 1.  Simulation Results
	Codebook
	Feedback Overhead (bits)
	Spectral Efficiency (bps/Hz)

	
	W1
	W2
	Total
	Mean
	Edge

	Rel-13, Config 1
	7
	2
	9
	2.21
	0.41

	Rel-13, Config 2
	5
	4
	9
	2.34
	0.43

	Rel-13, Config 3
	5
	4
	9
	2.25
	0.41

	Rel-13, Config 4
	5
	4
	9
	2.22
	0.40

	Rel-14 proposal

(WB Scaling)
	12
	Rank1
	6
	18
	2.39
	0.47

	
	
	Rank2
	12
	24
	
	

	Modified Rel-14 proposal (SB Scaling)
	10
	Rank1
	16
	26
	2.78
	0.61

	
	
	Rank2
	32
	42
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Figure 1. Spectral efficiency gains for the Rel-13 and the proposed Rel-14 codebooks, including a subband scaling version of the Rel-14 codebook.
3
Codebook Scheme Discussion

In this section, we turn our attention to the Category 1 codebook schemes agreed upon at the NR ad hoc meeting.  As noted in the agreement above, Schemes 1-1, 1-3, and 1-4 are similar.  For Scheme 1-1, the 
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 matrix has the general form
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where 
[image: image26.wmf]i
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 contains the beam matrix 
[image: image27.wmf]B

 but possibly with beam scaling coefficients.  Therefore, 
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 and 
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 are constrained to have the same form except for column scaling, which can be the same or different in each matrix.  For Schemes 1-3 and 1-4, the 
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respectively.  In the former case (Scheme 1-3), each beam is repeated for across the two polarizations (with negation for the beams in 
[image: image32.wmf]2
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).  In the latter case (Scheme 1-4), the beams in 
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 are scaled versions of the beams in 
[image: image34.wmf]1
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 and both polarizations are affected by the same beam though with different scaling when the 
[image: image35.wmf]2
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 coefficient for that column is applied.  While each of these schemes is general enough to create any feedback matrix given enough beams, a scheme with fully independent beams on each polarization may be more efficient in accounting for differences between the polarization channels since independent amplitude and phase scaling can be applied per polarization.  We propose such an independent scheme which can be described by simply modifying the 
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 matrix in Scheme 1-3 to have the form
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Proposal 2: For Category 1, study a scheme which is similar to Scheme 1-3 except for
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4
Conclusions
In this contribution, we have compared the performance of the Rel-13 and proposed Rel-14 codebooks and found that additional performance characterization is likely for the Rel-14 proposal.  We have recommended the use of the Rel-13 codebook and its Rel-14 extensions as the baseline for NR codebook performance comparisons.  In addition, we propose an additional scheme under Category 1 for study and evaluation as a Type II codebook.
The observations and proposals in this contribution may be summarized as:
Observation 1: The proposed Rel-14 advanced CSI codebook may not provide significant gains over the Rel-13 codebooks.
Observation 2: Subband scaling in a modified version of the proposed Rel-14 LTE advanced CSI codebook improves codebook performance achieving better performance than the Rel-13 codebooks.

Proposal 1: Use the Rel-13 codebook (with Rel-14 extensions) as the basis for performance comparisons.
Proposal 2: For Category 1, study a scheme which is similar to Scheme 1-3 except for
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Appendix

Table 2.  Simulation Parameters
	Parameter
	Value

	Scenario
	3D-UMi with ISD = 200m

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	According to 38.900

	eNB transmit power
	41 dBm

	eNB antenna configuration
	(M,N,P) = {(8,2,2), (8,4,2), (8,8,2)},

(dV,dH) = ( 0.8, 0.5 ) λ

The 8 vertical elements are virtualized to 1, 2, or 4 antenna ports

	Duplex mode
	FDD

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes, targeting 50% and 70% 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

Transmission scheme
	CQI and RI reporting triggered per 5ms

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the UE

	
	MU-MIMO with maximum UE rank of 2

	Scheduler
	PF with frequency selective scheduling
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