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Introduction
In RAN #75, a new WID related to new radio (NR) has been approved [1]. The objective of the NR WID as captured in [1] includes the following (copied from Section 4.1 of [1]).
	According to the outcome of the study item, the NR should specify the followings [TR38.912]:
-	Physical layer aspects including [RAN1]:
-	…
-	Downlink and uplink functionality related to multi-antenna transmission/reception enabling closed loop and open/semi-open loop transmissions, beam management, interference measurement, Type I codebook-based CSI acquisition and Type II CSI acquisition as well as CSI acquisition for reciprocity-based operation, the associated reference signal designs, and related quasi-colocation assumptions.


This contribution discusses the codebook for Type II CSI reporting (highlighted text above). In RAN1-NR#1 [2] and RAN1#88 [3], the following agreements about Type II CSI codebook were made. 
Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· …
Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams taken from 2D DFT beams
· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams
· L {2, 3, 4, FFS 6} (L is configurable)
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1, 
· Subband reporting of phase quantization of beam combining coefficients
· Configurable between QPSK and 8-PSK phase related information quantization
· …..
In this contribution, the detailed design of the W1 and W2 codebook for Type II CSI reporting is proposed for Category 1. Simulation results are provided to show the significant performance gain of the proposed codebook over LTE Release 14 advanced CSI codebook. The additional simulation results in support of the proposed codebook are provided in the companion contribution [4]. To reduce CSI payload in each CSI reporting instance, a differential CSI based Type II CSI reporting mechanism is proposed in the companion contribution [5].
Type II CSI Codebook for Category 1
1 
2 
W1 codebook
The W1 codebook is used to report the following four components for WB reporting. 
Basis set: a full orthogonal DFT basis comprising of N1 × N2 orthogonal DFT beams is selected from an oversampled DFT codebook, and is common for both polarizations and layers. An example is shown in Table 1 where black squares represent orthogonal DFT beams. The oversampling factor (O1, O2) is (4, -) for 1D antenna port layouts (N1 > 1, N2 = 1) and (4, 4) for 2D antenna port layouts (N1 > 1, N2 > 1). 
[bookmark: _Ref468890361]Table 1: Orthogonal basis set
	Port layouts
	Basis set

	1D, N1 > 1, N2 = 1
	


	2D, N1 > 1, N2 > 1
	



Beam group selection: L out of N1N2 beams are selected freely from the selected basis set, and are common for both polarizations and layers. The value of L belongs to {2, 3, 4, 6, 8}. A UE is configured with an L value, for example, via higher-layer RRC signalling. 
Strongest beam: For each layer, there are 2L linear combination (LC) coefficients to combine beams, since we have 2 polarizations and L beams. The strongest of the 2L coefficients is selected independently for each layer. The reason for per layer strongest beam selection is that the strongest beam is likely to be different for different layers in order ensure orthogonality across layers (shown via simulation in the companion contribution [4]).
WB coefficient amplitude: the WB component of amplitude reporting of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected independently for each layer using a 3 bits WB amplitude codebook . 
The summary of the four W1 component reporting is tabulated in Table 2.
[bookmark: _Ref478029244]Table 2: W1 component reporting
	Basis set
	Beam group selection
	Strongest coefficient
	WB coefficient amplitude

	Layer-common,
Polarization-common
	Layer-common,
Polarization-common
	1 out of 2L coefficients,
Per layer, 
Any of the two polarizations
	Remaining 2L-1 coefficients,
Per layer


3 
[bookmark: _Ref446598642]
For layer l, the selected L beams are placed in columns of the basis matrix  as follows.
· The strongest beam (coefficient) corresponds to the first column (from left) of .
· The remaining L – 1 beams correspond to columns 2 to L - 1 (from left) of .
An example is shown in Figure 1 in which the strongest beam index is 11 and the remaining 3 beams are 1, 4, and 12. Therefore, the beam indices of the four columns of the basis matrix  are ,  . Note that L beams are common to all layers, but placement of the beams in columns of the basis set  is different for different layers because the strongest beam is different for different layers in general, as mentioned above.


[bookmark: _Ref473107900]Figure 1: L = 4 beam selection for (N1, N2) = (4, 4)
The structure of W1 for layer l is then given by
· if the strongest coefficient corresponds to the first polarization (e.g. +45), and 
·  if the strongest coefficient corresponds to the second polarization (e.g. -45),
where  whose diagonal elements are selected from the WB amplitude codebook .
W2 codebook
The W2 codebook is used to select the following two components independently for each layer for SB reporting. 
SB coefficient amplitude: the SB component of amplitude reporting of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected differentially using a 1 bit SB amplitude codebook  where the differential is considered with respect to the respective reported WB amplitudes. The SB differential amplitude reporting can be turned ON or OFF via RRC signalling.
Coefficient phase: the phase of the remaining 2L-1 coefficients (after normalization with the amplitude of the strongest coefficient) is selected using  bits -PSK phase codebook, where  is configured via RRC signalling.
The structure of W2 is then given by , where
· , whose diagonal elements are selected from the SB amplitude codebook ; and 
· , where  is selected from -PSK alphabet.
Pre-coding matrix
The rank R Type II pre-coding matrix is then given by  where the pre-coding vector for layer l is given by . Note that one of the diagonal elements of  and elements of  is exactly one which corresponds to the strongest beam whose coefficient (both amplitude and phase) can be assumed to be one in general. Also, if amplitude reporting is WB only, then  is an identity matrix (hence not reported).
From the above description, Type II CSI can be specified for any R > 1. In general, Type II CSI reporting payload increases linearly with R. Considering the large payload for supporting R > 1 as well as the use case of Type II CSI for MU precoding, it is proposed that, at least for Phase I NR, Type II CSI supports only R = 1 and 2.   
Proposal 1: The dual-stage W = W1W2 codebook for Type II CSI reporting is as follows:
· W1 to report four WB components:
· Basis set comprising of N1 × N2 orthogonal DFT beams selected from an oversampled DFT codebook 
· (O1, O2) is (4, -) for 1D antenna port layouts (N1 > 1, N2 = 1) and (4, 4) for 2D antenna port layouts (N1 > 1, N2 > 1)
· Beam group selection to select L out of N1N2 beams freely, where L is configurable from {2, 3, 4, 6, 8}
· Strongest coefficient selection: per layer and any of the two polarizations
· WB amplitude: per layer 2L-1 WB amplitudes reported using 3 bits WB amplitude codebook 
· W2 to report two SB components:
· SB amplitude (if turned ON): per layer 2L-1 SB amplitudes reported differentially (with respect to respective WB amplitudes) using 1 bit SB amplitude codebook 
· Coefficient phase: per layer 2L-1 phase reported using  bits -PSK phase codebook
· The value of L, SB amplitude reporting, and the value of  are configurable.
· The rank R pre-coding matrix is given by  where R = 1, 2, and the pre-coding vector for layer l is given by , where
· if the strongest coefficient corresponds to the first polarization (e.g. +45) and  if the strongest coefficient corresponds to the second polarization (e.g. -45), where is the basis matrix, whose columns comprises L beams, and the first column corresponds to the strongest coefficient for layer l; 
·  for WB amplitude reporting; 
·  if SB amplitude reporting is turned ON and  is an identity matrix otherwise; and 
·  for phase reporting.
Unequal bit allocation
In [6], the unequal bit allocation for amplitude and/or phase reporting was proposed in order to reduce the total reporting payload. The rationale behind the unequal bit allocation is that the amplitude and phase resolution of weak coefficients (corresponding to small reported amplitudes) can be reduced without affecting the performance significantly. Such an unequal bit allocation can be considered for differential WB + SB amplitude reporting since the total reporting payload can be significantly larger than the WB only amplitude reporting (e.g. additional 7 bits/layer/SB for L = 4, which corresponds to 140 bits for rank 2 and 10 SBs).
A simple example of unequal bit allocation is based on grouping the 2L coefficients into a stronger group comprising of K coefficient and a weaker group comprising of 2L-K coefficients, and assigning more bits for amplitude and/or phase reporting of the coefficients in the stronger group and less bits for amplitude and/or phase reporting of the coefficients in the weaker group.  
Proposal 2: For WB+SB amplitude reporting, support unequal bit allocation based on grouping 2L coefficients into two groups: a stronger group comprising K coefficients which are assigned more bits for amplitude and/or phase reporting; and a weaker group comprising 2L-K coefficients which are assigned less bits for amplitude and/or phase reporting.
Simulation results
For performance evaluation of the proposed Type II CSI codebook, the non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. The results are provided for 16 antenna ports with (N1, N2) = (4, 2), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 3. For comparison, the Rel. 14 advanced CSI codebook is considered as reference. The simulation settings are summarized as follows:
· L = 2, 3, 4 
· K = 2,3,…2L for coefficient grouping for unequal bit allocation for amplitude and phase
· Note: K = 2L implies equal bit allocation for amplitude and phase.
· Amplitude and phase bit allocation
·  ( for the stronger group and  for the weaker group
· Coefficient grouping alternatives (to form two groups)
· Alt 0: additional (explicit) WB reporting of coefficient grouping
· Alt 0-0 (Layer-common grouping): requires  bits to report the stronger group (common for layers) and  bits per layer to report the strongest coefficient
· Alt 0-1 (Layer-specific grouping): requires  bits per layer to report the stronger group and bits per layer to report the strongest coefficient
· Alt 1: no additional WB reporting of coefficient grouping
· Coefficient grouping is inferred from strongest coefficient index (per layer) and the reported WB amplitudes; this requires bits per layer to report the strongest coefficient. 
The avg. and 5% UPT performance gain (over Rel. 14 advanced CSI codebook) for K = 2, 3, …,2L are shown in Figure 2 and Figure 3 respectively for L = 2, Figure 5 and Figure 6 respectively for L = 3, and Figure 8 and Figure 9 respectively for L = 4. The rank 2 overhead saving of unequal bit allocation (K < 2L) over equal bit allocation (K = 2L) assuming 10 SBs is shown in Figure 4, Figure 7, and Figure 10 for L = 2, 3, and 4, respectively. The detailed simulation results and rank 1 and rank 2 reporting overhead calculation are provided in Appendix B. We can make the following observation.
Observation:
· Performance of amplitude grouping alternatives (Alt 0 and Alt 1) is comparable
· For L = 2, K=2,3 incurs >2-4% avg. UPT loss compared to K=2L (large)
· For L = 3, K=2,3,4 incurs >2-6% avg. UPT loss compared to K=2L (large), and K=5 incurs ~1% avg. UPT loss compared to K=2L but overhead saving is small
· For L = 4, K=2-5 incurs >2-8% avg. UPT loss compared to K=2L (large), and K = 6: ~1% avg. UPT loss, ~10% overhead saving compared to K=2L
We therefore propose the following.
[bookmark: _GoBack]Proposal 3: 
· K = 2L (equal bit allocation) for L=2,3 and K = 6 (unequal bit allocation) for L = 4
· Amplitude grouping based on Alt 1
· no explicit reporting of ordering; ordering is based on reported WB amplitude


[bookmark: _Ref481687512]Figure 2: Avg. UPT gain over Rel. 14 adv. CSI codebook, L = 2

[bookmark: _Ref481687514]Figure 3: 5% UPT gain over Rel. 14 adv. CSI codebook, L = 2

[bookmark: _Ref481687710]Figure 4: Rank 2 overhead saving over K = 2L, L = 2

[bookmark: _Ref481687516]Figure 5: Avg. UPT gain over Rel. 14 adv. CSI codebook, L = 3

[bookmark: _Ref481687517]Figure 6: 5% UPT gain over Rel. 14 adv. CSI codebook, L = 3

[bookmark: _Ref481687711]Figure 7: Rank 2 overhead saving over K = 2L, L = 3

[bookmark: _Ref481687518]Figure 8: Avg. UPT gain over Rel. 14 adv. CSI codebook, L = 4

[bookmark: _Ref481687519]Figure 9: 5% UPT gain over Rel. 14 adv. CSI codebook, L = 4

[bookmark: _Ref481687712]Figure 10: Rank 2 overhead saving over K = 2L, L = 4
Conclusions
In this contribution, a codebook for Type II CSI reporting is proposed. The proposals and observations made are summarized as follows. 
Proposal 1: The dual-stage W = W1W2 codebook for Type II CSI reporting is as follows:
· W1 to report four WB components:
· Basis set comprising of N1 × N2 orthogonal DFT beams selected from an oversampled DFT codebook 
· (O1, O2) is (4, -) for 1D antenna port layouts (N1 > 1, N2 = 1) and (4, 4) for 2D antenna port layouts (N1 > 1, N2 > 1)
· Beam group selection to select L out of N1N2 beams freely, where L is configurable from {2, 3, 4, 6, 8}
· Strongest coefficient selection: per layer and any of the two polarizations
· WB amplitude: per layer 2L-1 WB amplitudes reported using 3 bits WB amplitude codebook 
· W2 to report two SB components:
· SB amplitude (if turned ON): per layer 2L-1 SB amplitudes reported differentially (with respect to respective WB amplitudes) using 1 bit SB amplitude codebook 
· Coefficient phase: per layer 2L-1 phase reported using  bits -PSK phase codebook
· The value of L, SB amplitude reporting, and the value of  are configurable.
· The rank R pre-coding matrix is given by  where R = 1, 2, and the pre-coding vector for layer l is given by , where
· if the strongest coefficient corresponds to the first polarization (e.g. +45) and  if the strongest coefficient corresponds to the second polarization (e.g. -45), where is the basis matrix, whose columns comprises L beams, and the first column corresponds to the strongest coefficient for layer l; 
·  for WB amplitude reporting; 
·  if SB amplitude reporting is turned ON and  is an identity matrix otherwise; and 
·  for phase reporting.
Proposal 2: For WB+SB amplitude reporting, support unequal bit allocation based on grouping 2L coefficients into two groups: a stronger group comprising K coefficients which are assigned more bits for amplitude and/or phase reporting; and a weaker group comprising 2L-K coefficients which are assigned less bits for amplitude and/or phase reporting.
Observation:
· Performance of amplitude grouping alternatives (Alt 0 and Alt 1) is comparable
· For L = 2, K=2,3 incurs >2-4% avg. UPT loss compared to K=2L (large)
· For L = 3, K=2,3,4 incurs >2-6% avg. UPT loss compared to K=2L (large), and K=5 incurs ~1% avg. UPT loss compared to K=2L but overhead saving is small
· For L = 4, K=2-5 incurs >2-8% avg. UPT loss compared to K=2L (large), and K = 6: ~1% avg. UPT loss, ~10% overhead saving compared to K=2L
Proposal 3: 
· K = 2L (equal bit allocation) for L=2,3 and K = 6 (unequal bit allocation) for L = 4
· Amplitude grouping based on Alt 1
· no explicit reporting of ordering; ordering is based on reported WB amplitude
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Appendix A: Simulation Assumptions 
[bookmark: _Ref427254851][bookmark: _Ref458526226]Table 3: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 4)

	Channel model
	UMi-2GHz

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (4,2,2) 

	(O1,O2) 
	(8,8)

	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
	1,2

	Receiver 
	MMSE-IRC

	CSI feedback schemes
	Reference: Rel. 14 advanced CSI codebook
Type II CSI codebook: proposed in this contribution
Ideal: dominant eigenvectors are known to the gNB/TRP



Appendix B: Simulation Results and Overhead Calculation 
Table 4: Performance vs. overhead for L = 2, 3, 4 (overhead for 10 SBs)
	Scheme
	Performance gain over R14 adv. CSI CB
	Rank 1 overhead saving over K=2L
	Rank 2 overhead  saving over K=2L

	L
	K
	Amp grouping
	Avg UPT 
	50% UPT 
	5% UPT 
	Total overhead
	Overhead reduction
	Total overhead
	Overhead reduction

	2
	2
	Alt 0-0, layer-common
	15.7%
	22.0%
	27.9%
	102
	27.1%
	192
	29.2%

	
	
	Alt 0-1, layer-specific
	15.8%
	24.1%
	27.4%
	103
	26.4%
	197
	27.3%

	
	
	Alt 1
	10.9%
	17.7%
	23.2%
	100
	28.6%
	191
	29.5%

	
	3
	Alt 0-0, layer-common
	17.6%
	25.2%
	32.2%
	123
	12.1%
	234
	13.7%

	
	
	Alt 0-1, layer-specific
	18.2%
	24.7%
	30.0%
	123
	12.1%
	237
	12.6%

	
	
	Alt 1
	13.2%
	20.7%
	26.5%
	120
	14.3%
	231
	14.8%

	
	4
	Equal bit allocation
	20.0%
	28.3%
	33.8%
	140
	0.0%
	271
	0.0%

	3
	2
	Alt 0-0, layer-common
	21.7%
	30.7%
	36.1%
	150
	34.2%
	286
	35.9%

	
	
	Alt 0-1, layer-specific
	22.7%
	32.1%
	40.2%
	152
	33.3%
	294
	34.1%

	
	
	Alt 1
	16.6%
	24.8%
	34.2%
	148
	35.1%
	286
	35.9%

	
	3
	Alt 0-0, layer-common
	24.1%
	33.9%
	44.4%
	173
	24.1%
	330
	26.0%

	
	
	Alt 0-1, layer-specific
	23.9%
	32.5%
	40.7%
	174
	23.7%
	338
	24.2%

	
	
	Alt 1
	18.7%
	27.0%
	38.6%
	168
	26.3%
	326
	26.9%

	
	4
	Alt 0-0, layer-common
	25.7%
	35.1%
	46.3%
	194
	14.9%
	371
	16.8%

	
	
	Alt 0-1, layer-specific
	26.1%
	37.8%
	46.8%
	195
	14.5%
	380
	14.8%

	
	
	Alt 1
	21.1%
	30.5%
	42.1%
	188
	17.5%
	366
	17.9%

	
	5
	Alt 0-0, layer-common
	27.1%
	36.8%
	49.2%
	216
	5.3%
	414
	7.2%

	
	
	Alt 0-1, layer-specific
	27.4%
	37.0%
	49.3%
	216
	5.3%
	422
	5.4%

	
	
	Alt 1
	21.4%
	29.2%
	43.0%
	208
	8.8%
	406
	9.0%

	
	6
	Equal bit allocation
	28.3%
	38.9%
	48.0%
	228
	0.0%
	446
	0.0%

	4
	2
	Alt 0-0, layer-common
	24.7%
	33.3%
	40.4%
	198
	37.1%
	380
	38.6%

	
	
	Alt 0-1, layer-specific
	25.6%
	36.1%
	42.8%
	200
	36.5%
	389
	37.2%

	
	
	Alt 1
	18.8%
	26.9%
	38.8%
	195
	38.1%
	379
	38.8%

	
	3
	Alt 0-0, layer-common
	26.5%
	36.5%
	43.9%
	221
	29.8%
	424
	31.5%

	
	
	Alt 0-1, layer-specific
	27.5%
	38.4%
	44.7%
	222
	29.5%
	433
	30.1%

	
	
	Alt 1
	21.1%
	29.2%
	42.0%
	215
	31.8%
	419
	32.3%

	
	4
	Alt 0-0, layer-common
	29.2%
	40.4%
	49.7%
	243
	22.9%
	466
	24.7%

	
	
	Alt 0-1, layer-specific
	29.0%
	38.7%
	48.0%
	244
	22.5%
	477
	22.9%

	
	
	Alt 1
	22.4%
	32.1%
	43.3%
	235
	25.4%
	459
	25.9%

	
	5
	Alt 0-0, layer-common
	30.1%
	40.5%
	52.3%
	266
	15.6%
	510
	17.6%

	
	
	Alt 0-1, layer-specific
	30.6%
	41.2%
	51.7%
	266
	15.6%
	521
	15.8%

	
	
	Alt 1
	23.4%
	33.0%
	44.9%
	255
	19.1%
	499
	19.4%

	
	6
	Alt 0-0, layer-common
	31.3%
	43.0%
	50.4%
	287
	8.9%
	551
	11.0%

	
	
	Alt 0-1, layer-specific
	31.6%
	44.8%
	54.8%
	287
	8.9%
	563
	9.1%

	
	
	Alt 1
	24.3%
	34.4%
	48.5%
	275
	12.7%
	539
	12.9%

	
	7
	Alt 0-0, layer-common
	32.0%
	45.0%
	49.9%
	308
	2.2%
	593
	4.4%

	
	
	Alt 0-1, layer-specific
	31.7%
	44.6%
	53.0%
	308
	2.2%
	605
	2.3%

	
	
	Alt 1
	25.2%
	35.3%
	49.1%
	295
	6.4%
	579
	6.5%

	
	8
	Equal bit allocation
	32.5%
	46.1%
	55.1%
	315
	0.0%
	619
	0.0%



Table 5: Details of overhead calculation
	Scheme
	Rank 1 overhead
	Rank 2 overhead

	L
	K
	Amp ordering
	WB overhead
(amp ordering)
	Strongest coef. (per layer)
	WB
(L beam selection, WB amp)
	SB (amp+phase)
	Total overhead
	Overhead reduction
	WB overhead
(amp ordering)
	Strongest coef. (per layer)
	WB
(L beam selection, WB amp)
	SB (amp+phase)
	Total overhead
	Overhead reduction

	2
	2
	Alt 0-0, layer-common
	3
	1
	18
	8
	102
	27.1%
	3
	2
	27
	16
	192
	29.2%

	
	
	Alt 0-1, layer-specific
	3
	2
	
	
	103
	26.4%
	6
	4
	
	
	197
	27.3%

	
	
	Alt 1
	0
	2
	
	
	100
	28.6%
	0
	4
	
	
	191
	29.5%

	
	3
	Alt 0-0, layer-common
	3
	2
	
	10
	123
	12.1%
	3
	4
	
	20
	234
	13.7%

	
	
	Alt 0-1, layer-specific
	3
	2
	
	
	123
	12.1%
	6
	4
	
	
	237
	12.6%

	
	
	Alt 1
	0
	2
	
	
	120
	14.3%
	0
	4
	
	
	231
	14.8%

	
	4
	Equal bit allocation
	0
	2
	
	12
	140
	0.0%
	0
	4
	
	24
	271
	0.0%

	3
	2
	Alt 0-0, layer-common
	4
	1
	25
	12
	150
	34.2%
	4
	2
	40
	24
	286
	35.9%

	
	
	Alt 0-1, layer-specific
	4
	3
	
	
	152
	33.3%
	8
	6
	
	
	294
	34.1%

	
	
	Alt 1
	0
	3
	
	
	148
	35.1%
	0
	6
	
	
	286
	35.9%

	
	3
	Alt 0-0, layer-common
	6
	2
	
	14
	173
	24.1%
	6
	4
	
	28
	330
	26.0%

	
	
	Alt 0-1, layer-specific
	6
	3
	
	
	174
	23.7%
	12
	6
	
	
	338
	24.2%

	
	
	Alt 1
	0
	3
	
	
	168
	26.3%
	0
	6
	
	
	326
	26.9%

	
	4
	Alt 0-0, layer-common
	7
	2
	
	16
	194
	14.9%
	7
	4
	
	32
	371
	16.8%

	
	
	Alt 0-1, layer-specific
	7
	3
	
	
	195
	14.5%
	14
	6
	
	
	380
	14.8%

	
	
	Alt 1
	0
	3
	
	
	188
	17.5%
	0
	6
	
	
	366
	17.9%

	
	5
	Alt 0-0, layer-common
	8
	3
	
	18
	216
	5.3%
	8
	6
	
	36
	414
	7.2%

	
	
	Alt 0-1, layer-specific
	8
	3
	
	
	216
	5.3%
	16
	6
	
	
	422
	5.4%

	
	
	Alt 1
	0
	3
	
	
	208
	8.8%
	0
	6
	
	
	406
	9.0%

	
	6
	
	0
	3
	
	20
	228
	0.0%
	0
	6
	
	40
	446
	0.0%

	4
	2
	Alt 0-0, layer-common
	5
	1
	32
	16
	198
	37.1%
	5
	2
	53
	32
	380
	38.6%

	
	
	Alt 0-1, layer-specific
	5
	3
	
	
	200
	36.5%
	10
	6
	
	
	389
	37.2%

	
	
	Alt 1
	0
	3
	
	
	195
	38.1%
	0
	6
	
	
	379
	38.8%

	
	3
	Alt 0-0, layer-common
	7
	2
	
	18
	221
	29.8%
	7
	4
	
	36
	424
	31.5%

	
	
	Alt 0-1, layer-specific
	7
	3
	
	
	222
	29.5%
	14
	6
	
	
	433
	30.1%

	
	
	Alt 1
	0
	3
	
	
	215
	31.8%
	0
	6
	
	
	419
	32.3%

	
	4
	Alt 0-0, layer-common
	9
	2
	
	20
	243
	22.9%
	9
	4
	
	40
	466
	24.7%

	
	
	Alt 0-1, layer-specific
	9
	3
	
	
	244
	22.5%
	18
	6
	
	
	477
	22.9%

	
	
	Alt 1
	0
	3
	
	
	235
	25.4%
	0
	6
	
	
	459
	25.9%

	
	5
	Alt 0-0, layer-common
	11
	3
	
	22
	266
	15.6%
	11
	6
	
	44
	510
	17.6%

	
	
	Alt 0-1, layer-specific
	11
	3
	
	
	266
	15.6%
	22
	6
	
	
	521
	15.8%

	
	
	Alt 1
	0
	3
	
	
	255
	19.1%
	0
	6
	
	
	499
	19.4%

	
	6
	Alt 0-0, layer-common
	12
	3
	
	24
	287
	8.9%
	12
	6
	
	48
	551
	11.0%

	
	
	Alt 0-1, layer-specific
	12
	3
	
	
	287
	8.9%
	24
	6
	
	
	563
	9.1%

	
	
	Alt 1
	0
	3
	
	
	275
	12.7%
	0
	6
	
	
	539
	12.9%

	
	7
	Alt 0-0, layer-common
	13
	3
	
	26
	308
	2.2%
	13
	6
	
	52
	593
	4.4%

	
	
	Alt 0-1, layer-specific
	13
	3
	
	
	308
	2.2%
	26
	6
	
	
	605
	2.3%

	
	
	Alt 1
	0
	3
	
	
	295
	6.4%
	0
	6
	
	
	579
	6.5%

	
	8
	Equal bit allocation
	0
	3
	
	28
	315
	0.0%
	0
	6
	
	56
	619
	0.0%



Alt 0-0, layer-common	
K=2	K=3	K=4	0.157	0.17599999999999999	0.2	Alt 0-1, layer-specific	
K=2	K=3	K=4	0.158	0.182	0.2	Alt 1	
K=2	K=3	K=4	0.13510668835517992	0.15898000191368999	0.2	



Alt 0-0, layer-common	
K=2	K=3	K=4	0.27900000000000003	0.32200000000000001	0.33800000000000002	Alt 0-1, layer-specific	
K=2	K=3	K=4	0.27400000000000002	0.3	0.33800000000000002	Alt 1	
K=2	K=3	K=4	0.27286929352542999	0.28797083839610993	0.33800000000000002	



Alt 0-0, layer-common	
K=2	K=3	K=4	0.29199999999999998	0.13700000000000001	0	Alt 0-1, layer-specific	
K=2	K=3	K=4	0.27300000000000002	0.126	0	Alt 1	
K=2	K=3	K=4	0.29499999999999998	0.14799999999999999	0	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	0.217	0.24099999999999999	0.25700000000000001	0.27100000000000002	0.28299999999999997	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	0.22700000000000001	0.23899999999999999	0.26100000000000001	0.27400000000000002	0.28299999999999997	Alt 1	
K=2	K=3	K=4	K=5	K=6	0.20208592479189	0.22040953018850001	0.23992919337862001	0.25150703281983	0.28299999999999997	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	0.36099999999999999	0.44400000000000001	0.46300000000000002	0.49199999999999999	0.48	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	0.40200000000000002	0.40699999999999997	0.46800000000000003	0.49299999999999999	0.48	Alt 1	
K=2	K=3	K=4	K=5	K=6	0.37927443152231	0.41173407394549999	0.43221662905746	0.44228432563790998	0.48	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	0.35899999999999999	0.26	0.16800000000000001	7.1999999999999995E-2	0	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	0.34100000000000003	0.24199999999999999	0.14799999999999999	5.3999999999999999E-2	0	Alt 1	
K=2	K=3	K=4	K=5	K=6	0.35899999999999999	0.26900000000000002	0.17899999999999999	0.09	0	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.247	0.26500000000000001	0.29199999999999998	0.30099999999999999	0.313	0.32	0.32500000000000001	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.25600000000000001	0.27500000000000002	0.28999999999999998	0.30599999999999999	0.316	0.317	0.32500000000000001	Alt 1	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.23303990048799	0.25155487513156999	0.27045258826906998	0.28389627786815003	0.29528274806239002	0.2980097598316	0.32500000000000001	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.40400000000000003	0.439	0.497	0.52300000000000002	0.504	0.499	0.55100000000000005	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.42799999999999999	0.44700000000000001	0.48	0.51700000000000002	0.54800000000000004	0.53	0.55100000000000005	Alt 1	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.41555285540705	0.44002777295607998	0.48758896024996001	0.51987502169762001	0.52299947925707002	0.52577677486547003	0.55100000000000005	



Alt 0-0, layer-common	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.38600000000000001	0.315	0.247	0.17599999999999999	0.11	4.3999999999999997E-2	0	Alt 0-1, layer-specific	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.372	0.30099999999999999	0.22900000000000001	0.158	9.0999999999999998E-2	2.3E-2	0	Alt 1	
K=2	K=3	K=4	K=5	K=6	K=7	K=8	0.38800000000000001	0.32300000000000001	0.25900000000000001	0.19400000000000001	0.129	6.5000000000000002E-2	0	
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