[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #97	R1-1907526
Reno, USA, May 13th – 17th, 2019

Agenda Item:	7.2.8.5
Source:	Huawei, HiSilicon
Title:	UCI design for DFT-based compression codebook
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]It has been agreed at RAN1 #96bis [1] that:
Agreement
On RI=3-4 extension:
· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI{1,2} 
· FD basis subset selection: agree on layer-specific subset selection
· Coefficient subset selection: agree on layer-specific subset selection
Agreement
· SD basis subset selection is layer-common
Agreement
· SD basis subset selection indicator is a -bit indicator.
Agreement
On “zero” in the reference amplitude value set, “zero” is removed and the associated code point is designated as “reserved”. 
· Note: “Reserved” implies that the associated code point is not used in reference amplitude reporting or, at least in Rel-16, any other purpose(s)
Agreement
· On the choice of oversampling factor O3, agree on O3=1
Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt0. KNZ,i is unrestricted as long as 
· Alt1. KNZ,i≤K0 as long as 
In this contribution, we will discuss the detailed UCI design for the agreed DFT-based compression codebook.
Codebook design for DFT-based compression codebook
Since the basic codebook structure for the case of rank 1-2 has been agreed and the precoder of j-th subband for each layer can be represented as

where  is the l-th beam from selected spatial basis,  is the conjugate of the j-th entry of the m-th selected frequency basis,  and  are the reference amplitude for two polarizations,  and  are the quantized differential amplitude and phase corresponding the spatial-frequency pair (l,m),  if it is not included in the size-K0 subset, and  is a normalization factor.
Rank 1-2
For rank 1-2 codebook design, the following progresses had been agreed:
· Layer common Spatial domain basis selection 
· Orthogonal group:  bits 
· L beams selection:  bits, where 
· L=6 is only supported in the case of 32ports, R=1, 
· For candidate values of O1, O2, N1 and N2, Table 5.2.2.2.1-2 in Rel-15 can be re-used. 
· Layer independent Frequency domain basis selection
· M basis selection:  bits, where 
· Layer independent Size-K0 subset
· Subset indication bitmap () per layer
· Layer independent Coefficients quantization for  and 
· Index of the leading coefficient:  bits, where , 
· Reference amplitude of the second polarization: 4 bits
· Quantization:  bits, where 
Rank 3-4
For rank 3-4 codebook extension, the following progresses had been achieved:
· Layer common Spatial domain basis selection
· Orthogonal group:  bits
· L beams selection:  bits, where 
· For candidate values of O1, O2, N1 and N2, Table 5.2.2.2.1-2 in Rel-15 can be re-used. 
· Layer independent Frequency domain basis selection
· Details TBD.
· Layer independent Size-K0 subset
· Subset indication bitmap: TBD.
· The total max # NZ coefficients across all layers ≤ 2K0
· Layer independent Coefficients quantization
· Details TBD.
Summary of codebook design for rank 1-4
Based on the agreements before, the codebook design for DFT-based compression codebook can be summarized in Table I. 
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UCI reporting
On the number of non-zero coefficients
In R15, 2-part UCI reporting was agreed for subband CSI reporting over PUCCH/PUSCH, wherein CRI/RI/CQI/LI as well as the indicator of the number of non-zero wideband amplitudes are reported in part 1 and the remaining PMI components are reported in part 2. Subband amplitude and phase of certain spatial beam/polarization would not be reported if the quantized wideband amplitude is 0 and the payload size of part 2 would be affected by the number of non-zeroes wideband amplitudes. The payload size of part 1 is fixed regardless of the value of RI/CRI to avoid blind detecting for part 1 at gNB side. Furthermore, the payload size of part 1 should be as small as possible for better encoding efficiency and the reliability of part 1 transmission. The gNB can know the payload size of part 2 after decoding part 1 and then part 2 can be relatively interpreted easily.
	Agreement
On basis/coefficient subset selection for the first layer, support the following: 
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices
Agreement
The scheme for indicating the number of NZ coefficients (NZC) will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt1.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}
· Alt1.2: Per-layer # NZC without RI where # NZC = {0, 1, 2, …, K0}
· Alt1.3: RI + differential of # NZC summed across layers 
· Differential means fraction of 2K0 with smaller number of possible values compared to the regular # NZC (in Alt1.1)
· Alt1.4: RI + per-layer differential # NZC 
· Differential means fraction of K0 with smaller number of possible values compared to the regular # NZC (in Alt1.2)




In R16, Type II codebook enhancement by DFT-based compressing on frequency domain is agreed and 2-part UCI reporting can be reused directly. For the coefficients to be reported, size-K0 subset of 2LM coefficients would be reported by a bitmap which can be used to indicate non-zero coefficient indices.
As in R15, it seems no need to report the amplitude and phase of certain coefficient if quantized amplitude of certain coefficient is 0. Then information pertaining to the number(s) of non-zero coefficients should also reported in UCI part 1. However, there are two typical methods (Alt1.1 and Alt1.2) to report the number(s) of non-zero coefficients UE reports:
· Alt1.2: up to four separated fields in part 1 with zero padding and each field (#NZC per layer) is to indicate the number of non-zero coefficients per layer. The length of l-th field is determined by the potential maximum number of non-zero coefficients for l-th layer, e.g. . In part 2, up to RI bitmaps are used to indicate non-zero coefficient indices for RI layers and the number of “1” in l-th bitmap is equal to the number indicated in part 1 for l-th layer. 
· Alt1.1: One field in part 1 (# NZC summed across layers) is to indicate the total number of non-zero coefficients across all layers. The length of field is determined by the potential maximum total number of non-zero coefficients across all layers across all rank, e.g. . In part 2, RI bitmaps are used to indicate non-zero coefficient indices for RI layers and the number of “1” across all bitmaps is equal to the total number indicated in part.
Generally, the payload size of Alt1.2 is larger than that of Alt1.1. Assuming the configured maximum number of coefficients per layer is 15, 4bits are needed for each layer to indicate the number of NZ coefficients with Alt1.2 and then 16 bits in total are needed in part 1. However, the possible total number of NZ coefficients across 4 layers is 30 (considering the limitation of 2K0), and only 5bits or 7bits (including RI) are needed in part 1 with Alt1.1. 
In general, we can assume N bits for each layer with Alt1.2 and 4N bits in total are needed in part 1, while only N+4 bits are needed with Alt1.1, wherein N+2 bits are needed for #NZC reporting (N+1 considering the limitation of 2K0) and 2bits are needed for RI reporting. 4N is always larger than N+4 with N>2 generally. Based on the analysis, a lot of bits can be saved with Alt1.1.
For Alt1.3 and Alt1.4, the fraction of 2K0 across all layers or that of K0 per layer is reported, which is equivalent to Alt1.1 and Alt 1.2 respectively.
Therefore, we have the following proposal:
Proposal 1: For indicating the number of NZC, Alt1.1 is supported.
On the bitmap for coefficient subset selection
	Agreement
On subset selection for layer 0, agree on the following:
· Unrestricted (polarization-independent) subset selection which requires a size-2LM bitmap in UCI part 2
Agreement
For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1: 2LMi bits per layer, i=0, 1, …, (RI-1)
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)
· Alt2.3: LMi bits for the layer in which the weaker polarization is dropped (else 2LMi bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); i=0, 1, …, (RI-1) 



It has been agreed that he position of reported non-zero coefficients is indicated in UCI part 2 by bitmap. For the i-th layer, Alt 2.1 is a straightforward method that the bitmap size is 2LMi. For the FD compression codebook,  coefficients can be reported at most, where  and the minimum value of  is 1/4. Moreover, considering that CSI part 2 omission can be achieved through discarding some weak coefficients, the number of reported coefficients may further reduced. As a result, the bitmap can be sparse and contains a large number of zero elements. For the PMI indication of R16 codebook, bitmap accounts for a large proportion of overhead. It is an effective method to reduce the PMI overhead by eliminating redundancy in bitmap.
As shown in Figure 1, it is feasible that no coefficient is reported for the weaker polarization, because K0 strongest coefficients may be concentrated in and then selected from one polarization. For another polarization, the coefficients are discarded although the magnitude may not be zero. The probability of selecting one out of two polarizations can be much higher when values of L, p and  are relatively small, e.g. when the gNB strives to reduce the reporting overhead of Rel-16 codebook. 
[image: ]
Figure 1. An example of K0 strongest coefficients being concentrated in one polarization (stronger coefficient is marked with larger index)
For rank 3/4, this phenomenon can be more profound due to limiting the overhead of higher rank codebook to be comparable to that of Rank 2. The value of p and  of rank 3 and 4 codebook may be further reduced. As shown in Table II, the probability that no coefficient is reported in one polarization for rank=4 with design Alt-6E is list. The bandwidth is 10MHz and subband size is 4 RBs. L=2, =1/4, and p/2=1/8 is used to decide the number of FD basis for each layer. In the table, Pi is the probability that only no coefficient reporting in one polarization within i layers out of 4 layers. Therefore, the expectation for overhead saving can be calculated as .
Table II. The probability of no coefficient reporting in one polarization for rank 4 with L=2, =1/4
	Fixed
rank
	Number of layers that K0 strongest coefficients are concentrated in one polarization
	Expectations for overhead savings

	Percentage of overhead saving

	
	only 1 layer
P1 
	only 2 layers
P2
	only 3 layers
P3
	only 4 layers
P4
	
	

	Rank 4 with Alt-6E
	30.03%
	33.32%
	18.96%
	4.42%
	8.5169
	6.92 %



Observation 1: The possibility of reporting instance, i.e. no coefficient is reported for given layer from the weaker polarization, can be more obvious (e.g. 30%) for codebook parameter setting with smaller parameter values and higher reporting rank. 
Therefore if all coefficients in one polarization are all zero, the reference amplitude and bitmap indicating the location of reported coefficients corresponding to this polarization is redundant. As a result, the size of bitmap can be reduced to LM for a given layer. Based on our simulation shown in Table II, up to 7% of the total payload can be saved under a given codebook parameter setting. 
To further reduce the overhead, 4-bit indicator can be reported in CSI part 1, where i-th bit is used to indicate whether no coefficient is reported in one polarization for layer i. If no coefficient is reported in one polarization of layer i, the reference amplitude of layer i is not reported in CSI part 2. Then, additional 1-bit is used to indicate which polarization has no coefficient reporting in UCI part 2 and the size of bitmap can be only LMi for layer i. For example, considering that rank 4 with L=2, M=4 and /2=1/8 for each layer, if the 4-bit indicator in CSI part 1 is 1001, it means that no coefficient is reported in one polarization for Layer 1 and Layer 4. Correspondingly, the quantized reference amplitude is not reported and the bitmap only contain LM bits for the 2 layers (layer 1 and 4) in CSI part 2. As a result, LM*2+4*2-4-2 = 18 bits are be saved in total.
Even for RI=1-2 with L=2, it can be found in our evaluation that the opportunity of no coefficient reporting in one polarization is still about 7%~10%. Because that 4-bits indicator should be added in UCI part 1 to indicate whether all of the coefficients are located in one polarization for each layer, it is more reasonable to adopt a unified design for all RI values and extend Alt 2.3 to rank 1-4.
Proposal 2: For the bitmap design, Alt 2.3 should be supported:
· 4-bit indicator is reported in UCI part 1 and each bit is used to indicate whether the weak polarization has no coefficient to be reported per layer.
· For the layer within which no coefficient is reported in the weaker polarization, the size of bitmap is LM in UCI part 2 with additional 1-bit to indicate the polarization associated to that bitmap. 
· For the layer within which no coefficient is reported in the weaker polarization, the reference amplitude is not reported.
On the strongest coefficient indicator reporting
	Agreement
For RI=1, strongest coefficient indicator (SCI) is a -bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· Alt3.1 (applicable to Alt1.2): Per-layer SCI, where SCIi is a –bit indicator (i=0, 1, …, (RI-1))
· Alt3.2 (applicable to Alt1.1): Per-layer SCI, where SCIi is a –bit indicator
· Alt3.3: Per-layer SCI, where SCIi is a –bit or  indicator (i=0, 1, …, (RI-1))
· Alt3.4: Per-layer SCI, where SCIi is a –bit (i=0, 1, …, (RI-1))


For rank1, the number of NC coefficients is indicated directly by the information elements in part 1 and the bit length of strongest coefficient indicator (SCI) indicator can be . There is no confusion of gNB to decide the payload size of part 2 based on the decoded information of part 1.
However, for rank2-4, the sum #NZC coefficients can be reported to save the payload size of part 1 and then the actual number of coefficients per layer is unknown to gNB with decoded information of part 1. Then Alt 3.1 can only be applied in the case of per layer #NZ coefficient indicator in part 1.
To avoid ambiguity in the payload size of part 2, the bit length of SCI should be decided according to the maximum #NZC number per layer, i.e.,  for l-th layer in the case of gNB preconfigured K0 for each layer. 
Alt 3.2 is specified for the case of coefficient allocation across layers at UE side and the number of NZ coefficients for each layer can be up to 2K0 or . Then if Alt 3.2 is applied, the overhead of SCI indication may be far larger than the overhead of SCI indication in the case of gNB preconfigured K0 for each layer.
Alt 3.4 is based on the assumption of UE performing cyclic shift and transfer the strongest coefficient to the first column. However, different UE may have different implementations. Alt 3.4 require additional specification change to define specific UE behavior for cyclic shift and force UE to implement cyclic shift.
Therefore, we have the following proposal:
Proposal 3: Per layer SCI with bit length of  for l-th layer is supported, where  is the predefined maximum reported coefficients for layer l .
On the FD basis selection and reporting
	Agreement
On FD basis subset selection indicator, the design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt5.1: FD basis subset selection indicator is per layer where it is a -bit indicator or -bit indicator or size-N3 bitmap, (i=0, 1, …, (RI-1))
· Alt5.2: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and N3’ is either reported in UCI part 1 or fixed in specification or higher-layer configured, and the intermediate set in UCI part 2
· Minitial indicated by  (or other values) bits indicates starting point of the intermediate FD basis set. The FD basis in this intermediate set is given by mod(Minitial+n,N3), n=0,1,..,N3’-1
· The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer 
· Alt5.3: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) selected from multiple higher-layer configured intermediate sets and the value of N3’ is indicated in UCI part 1 
· The 2nd step uses -bit indicator to indicate the FD basis used for each layer 
· Alt5.4: FD basis subset is selected as mod(Mi_initial + n,N3), n=0,1,..,Mi–1
· The subset selection is done per layer
· Alt5.5: The intermediate FD basis subset of size is higher layer configured per rank, and  is not reported in UCI part 1.
· FFS: FD basis subset of size  per rank
· The UE reports -bit bitmap or  or -bit indicator to indicate the FD basis used for each layer 
1. Alt5.6: Two-step FD basis subset selection where
5. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is either fixed or higher-layer configured
0. The FD basis in this intermediate set is reported either by N3-bit bitmap or -bit indicator
5. The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
1. Alt5.7: Two-step FD basis subset selection where
6. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is indicated in UCI part 1
0. The FD basis in this intermediate set is the union of FD basis for all layers, and is reported by -bit indicator
6. The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
1. Alt5.8: 
7. For RI > 2, two-step FD basis subset selection
0. The 1st (intermediate) step uses an intermediate set of size-N3’ (N3’=) 
0. Intermediate set is the union of FD basis for all layers, and is reported by size-N3 bitmap
0. The 2nd step uses size-N3’ bitmap to indicate the FD basis used for each layer
7. For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap



For the FD basis selection, 8 alternatives are list in last meeting. For Alt 5.2 (intermediate FD basis set is fixed in specification or higher-layer configured), Alt 5.3, Alt 5.4, Alt 5.5 and Alt 5.6, the FD basis for each layer are selected based on predefined pattern or fixed FD basis subset. It runs counter to the previous agreement that FD basis are selected independently across layers. It can be viewed as that overhead reduction comes from performance sacrifice, because predefined or fixed pattern with FD basis subset restriction limits the freedom of FD basis selection.
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(a) Overhead for different N3’ values           (b) The probability distributions of N3’ for Alt 5.2 and Alt 5.7
Figure 2. Overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 and probability of different N3’ values, rank=2, N3=9
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(a) Overhead for different N3’ values           (b) The probability distributions of N3’ for Alt 5.2 and Alt 5.7
Figure 3. Overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 and probability of different N3’ values, rank=4, N3=9
Free selection can be achieved by Alt 5.1, Alt 5.2 (intermediate FD basis set is reported by UE), Alt 5.7 and Alt 5.8. Alt 5.2 and Alt 5.7 can reduced the overhead based on 2 step indication, because there is a high probability that some of the FD basis for each layer are the same. The FD basis for each layer is selected from an intermediate FD basis set of size-N3’ instead of the candidate FD basis set of size-N3. The main difference is that the intermediate FD basis set is a window with continuous FD basis for Alt 5.2, while the intermediate FD basis set can be discrete vectors for Alt 5.7. To compare the overhead, evaluation is performed with BW= 15 MHz, SCS=15 kHz, SB size = 8 RBs, N3=9 and p=1/4. For rank 4, the number of FD basis for each layer is determined by p/2=1/8. Figure 2 (a) and Figure 3 (a) show the overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 with different N3’ values. It can be observed that the range of N3’ for Alt 5.7 is [M1, ], which is smaller compared with Alt 5.2. It is worth noting that the probability distributions of N3’ for Alt 5.2 and Alt 5.7 are different. From Figure 2 (b) and Figure 3 (b), the intermediate FD basis set for Alt 5.7 has larger probability with small value of N3’. However, N3’ still has a certain probability of getting a larger value for Alt 5.2. The probability of different N3’ values for Alt 5.2 and Alt 5.7 are list in Table III and the expectation of overhead are also calculated. For N3=9, p=1/4, the average overhead of Alt 5.2 is lowest.
Table III. The expectation of overhead for Alt 5.1, Alt 5.2 Alt 5.7 and Alt 5.8, N3=9
	
	Rank 
	=2
	=3
	=4
	=5
	=6
	=7
	=8
	=9
	Expectation of Overhead

	Alt 5.1
	Rank 2
	14
	14

	Alt 5.2
	
	0.00%
	17.74%
	18.56%
	19.41%
	21.93%
	20.92%
	1.43%
	0.00%
	14.1695

	Alt 5.7
	
	0.00%
	27.27%
	49.17%
	23.09%
	0.46%
	0.00%
	0.00%
	0.00%
	13.859

	Alt 5.8
	
	18
	18

	Alt 5.1
	Rank 4
	24
	24

	Alt 5.2
	
	2.51%
	15.59%
	12.71%
	19.50%
	27.58%
	20.19%
	1.92%
	0.00%
	21.5515

	Alt 5.7
	
	4.06%
	33.25%
	41.02%
	19.48%
	2.16%
	0.03%
	0.00%
	0.00%
	20.6445

	Alt 5.8
	
	29
	29
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(a) Overhead for different N3’ values           (b) The probability distributions of N3’ for Alt 5.2 and Alt 5.7
Figure 4. Overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 and probability of different N3’ values, rank=2, N3=13
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(a) Overhead for different N3’ values           (b) The probability distributions of N3’ for Alt 5.2 and Alt 5.7
Figure 5. Overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 and probability of different N3’ values, rank=4, N3=13
For a more comprehensive evaluation, we also evaluated the average overhead with larger value of N3. Figure 4 and Figure 5 show the overhead of Alt 5.1, Alt 5.2, Alt 5.7, Alt 5.8 with BW= 150 MHz, SCS=15 kHz, SB size = 4 RBs, N3=13 and p=1/4. For rank 4, the number of FD basis for each layer is determined by p/2=1/8. Table IV shows the probability of different N3’ values for Alt 5.2 and Alt 5.7 and the expectation of overhead are also calculated. The similar observation can be obtained that the intermediate FD basis set has larger probability with small value of N3’ for Alt 5.7. For N3=13, Alt 5.2 has lower average overhead than Alt 5.7 for rank=2. For rank=4, Alt 5.7 still has the lowest average overhead.
Table IV. The expectation of overhead for Alt 5.1, Alt 5.2 Alt 5.7 and Alt 5.8, N3=13
	
	Rank 
	
	Expectation of Overhead

	
	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	

	Alt 5.1
	Rank 2
	20
	20

	Alt 5.2
	
	0.00%
	0.00%
	12.93%
	21.50%
	12.86%
	11.59%
	8.35%
	14.51%
	13.59%
	4.61%
	0.06%
	0.00%
	17.925

	Alt 5.7
	
	0.00%
	0.00%
	19.31%
	46.97%
	26.53%
	7.14%
	0.05%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	20.6113

	Alt 5.8
	
	26
	26

	Alt 5.1
	Rank 4
	28
	28

	Alt 5.2
	
	3.88%
	16.96%
	7.16%
	9.78%
	8.93%
	14.83%
	17.73%
	14.68%
	5.44%
	0.62%
	0.00%
	0.00%
	24.7

	Alt 5.7
	
	5.46%
	34.10%
	37.74%
	20.40%
	2.24%
	0.06%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	23.6134

	Alt 5.8
	
	41
	41



Observation 2: For Alt 5.7, the intermediate FD basis set has larger probability with small value of N3’. Compared to Alt5.1, Alt 5.2 and Alt 5.8, Alt 5.7 has lower average overhead for small value of N3 and higher rank for small value of N3 and higher rank.
Based on the analysis above, we have the following proposal:
Proposal 4: Alt5.7 is supported for indicating the FD basis for each layer.
Conclusions
The contribution discusses the UCI design for DFT-based compression codebook, based on which the following observation and proposal are made.
Observation 1: The possibility of reporting instance, i.e. no coefficient is reported for given layer from the weaker polarization, can be more obvious (e.g. 30%) for codebook parameter setting with smaller parameter values and higher reporting rank. 
Observation 2: For Alt 5.7, the intermediate FD basis set has larger probability with small value of N3’. Compared to Alt5.1, Alt 5.2 and Alt 5.8, Alt 5.7 has lower average overhead for small value of N3 and higher rank for small value of N3 and higher rank.
Proposal 1: For indicating the number of NZC, Alt1.1 is supported.
Proposal 2: For the bitmap design, Alt 2.3 should be supported:
· 4-bit indicator is reported in UCI part 1 and each bit is used to indicate whether the weak polarization has no coefficient to be reported per layer.
· For the layer within which no coefficient is reported in the weaker polarization, the size of bitmap is LM in UCI part 2 with additional 1-bit to indicate the polarization associated to that bitmap. 
· For the layer within which no coefficient is reported in the weaker polarization, the reference amplitude is not reported.
Proposal 3: Per layer SCI with bit length of  for l-th layer is supported, where  is the predefined maximum reported coefficients for layer l .
Proposal 4: Alt5.7 is supported for indicating the FD basis for each layer.
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Appendix I
	Parameters
	Dense Urban (Macro layer only)

	Duplex mode
	FDD

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz for 10MHz

	System bandwidth
	10MHz (13 subbands, 4 PRBs for each subband)

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Channel model
	SCM-3D-UMa

	Inter-BS distance
	200m

	Minimum distance
	35m

	BS antenna height
	25m

	BS Tx power
	41dBm

	BS antenna configuration
	 (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1) / (1,2,2,1,1,1,2); 
the polarization angles are 0 and 90

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO switch for overhead reduction;
SU-MIMO for higher rank of Type II

	Scheduler
	PF

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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