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Introduction
DFT-based compression scheme has been agreed as Type II rank 1~4 codebook in Rel-16, where frequency domain (FD) compression is employed to remove the redundancy among all the subbands. In this contribution, we focus on the unresolved issues of Type II rank 3~4 extension. In addition, the details of UCI design and CBSR are also discussed.
Parameter setting for Type II rank 3~4
In RAN1#96bis meeting, the following agreements on parameter setting for SD/FD basis were achieved [1]:

Agreement
 On RI=3-4 extension:
· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)

From the three alternatives given in Table 1, RI-common and layer-common configuration was agreed for SD basis. The configuration for FD basis needs further down selection.

Table 1: Configurations of different alternatives for SD/FD basis parameters (L, p) 
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Parameter setting for FD basis
In RAN1#96 meeting, the following agreements were achieved [2]:

Agreement
Extend the Type II DFT-based compression (designed for RI=1-2) to RI=3-4 with the following design principle:
1. The resulting overhead for RI=3-4 is at least comparable to that for RI=2 

For each layer, a bitmap is used to indicate locations of non-zero (NZ) coefficients. In addition to the NZ coefficients being reported, the bitmap is also a major contribution to the overhead of Type II CSI. The setting of determines the payload of the bitmaps. Among the above three alternatives, the payload of Alt2B for RI=3~4 would be larger than that for RI=2. The increased payload is determined by the size of bitmaps used for layer 2~3. Taking  and  for example, assume and, then  (i.e. ) The payload of bitmaps for rank=2 is 64bits (i.e. ) and that for rank=4 is 96bits (i.e.). Assuming 3 bits amplitude and 3 bits phase are used for quantization, the payload of bitmap+NZC for rank=2 and rank=4 are bits and bits, respectively. There is about 13% overhead increasing without considering the overhead of SD/FD basis and SCI reporting. While for Alt3C and Alt6E, the bitmap overhead could be effectively controlled by limiting the total number of FD basis. A possible solution is to have  for Alt6E to maintain the bitmap overhead same as that for RI=2. 
On the other hand, from performance perspective, with large FD basis subsets for layer 0 and layer 1, Alt2B would achieve better performance than that of Alt3C and Alt6E. In addition, Alt2B has the merit of nested feature, i.e., layer 0 and layer 1 of rank=3~4 could be reused for rank=1~2. It is helpful if gNB wants to transmit PDSCH using a lower rank than the reported value for flexible scheduling. The FD basis subset for a layer can be reused while testing different ranks, reducing UE complexity to certain extent. Considering the tradeoff between overhead and performance, we prefer to support Alt2B for  setting.

Proposal-1: On (L,p) setting for RI=3~4, Alt2B (layer-group common configuration for p)is supported.

Parameter setting for NZ coefficients
In RAN1#96bis, parameter setting for NZ coefficients was agreed to be selected from the following two alternatives [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 

Compared with the restricted scheme Alt1, Alt0 results in more flexible coefficients selection, where larger number of NZ coefficients (i.e. larger than K0) is possible to be allocated to the dominant layer. In addition, without explicit specification, the restriction of  could also be achieved by UE implementation. Although the UCI payload, such as the bitwidth of the strongest coefficient indicator (SCI) or the bitwidth of the number of NZ coefficients per layer, would be larger for Alt0, there is only 1 more bit ( instead of ) for each layer. Therefore, in our view, Alt0 is preferred.
Proposal-2: For determining the # NZC per layer, Alt0 (unrestricted  as long as ) is supported.
Design of UCI and CBSR
UCI design
In RAN1#96 meeting, the LCC quantization was agreed as follows [2]:

Agreement
· Alt2: UE reports the following for the quantization of the non-zero coefficients in 
· A -bit indicator for the strongest coefficient index 
· Strongest coefficient  (hence its amplitude/phase are not reported)
· Two polarization-specific reference amplitudes:
· For the polarization associated with the strongest coefficient , since the reference amplitude = 1, it is not reported
· For the other polarization, reference amplitude is quantized to 4 bits  
· The alphabet is  (-1.5dB step size)
· For : 
· For each polarization, differential amplitudes of the coefficients calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits 
· The alphabet is  (-3dB step size)
· Note: The final quantized amplitude  is 
· Each phase is quantized to either 8PSK (3-bit) or 16PSK (4-bit) (configurable)

Based on the above codebook structure, the PMI components include the number of NZ coefficients, locations of NZ coefficients indication, SD basis subset selection indicator, FD basis subset selection indicator, the strongest coefficient indicator, reference amplitude coefficient, differential amplitude coefficients and phase coefficients. For indicating the number of NZ coefficients, we have the following agreement in RAN1#96bis meeting [1]:

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)

The number of NZ coefficients is reported in CSI part 1. If the number is separately reported for each layer (Alt1.2), four bit fields would be reserved in part 1. According to the agreements listed in section 2.2, if the unrestricted scheme (Alt0) is applied, totally 4  bits are required for indicating the number of NZC. It would result in some waste when RI=1~2 even without RI reporting. Alt1.1 is to report the total number of NZ coefficients across all layers. In this way, a single bit field with  bits is needed in part 1, which is more effective in terms of CSI payload. 
Proposal-3: RI+#NZC summed across layers (Alt1.1) should be supported for indicating the number of NZ coefficients. 

For indicating the strongest coefficient per layer, we have the following agreement in RAN1#96bis meeting [1]:

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))

The scheme of indicating the number of NZ coefficients impacts the reporting of the strongest coefficient indicator in CSI part 2. Note that the bitwidth of the strongest coefficient indicator is related to the number of NZ coefficients of the corresponding layer. If RI + # NZC summed across layers (Alt1.1) is reported in part 1, the exact bitwidth of each layer would not be known by decoding CSI part 1. Instead, the total number of NZ coefficients could be used to determine the SCI bitwidth per layer. Therefore, either Alt3.2 or Alt3.3 with   is preferred. As the total max # NZ coefficients across all layers   was agreed, less overhead may be achieved by Alt3.2.
Proposal-4: For the strongest coefficient indicator reporting, one of the alternatives is supported:
· 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  indicator (i=0, 1, …, (RI-1))

In the last meeting, for locations of NZ coefficients indication, it was agreed that: 
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) 

For RI=1~2, a size-2LM bitmap per layer is required to indicate the locations of NZ coefficients. The above Alt2.1 is a straightforward extension to RI=3~4. However, since the maximum number of NZ coefficients is restricted, there would be sparse coefficient distribution for certain layers. Namely, some SD basis or FD basis will not be used. Therefore, such bitmap size seems not necessary from the overhead point of view. Alt2.2B employs a two-step indication. In CSI part 2, for each layer, bitmap 1 is employed to indicate which beam has NZ coefficients and additional bitmap 2 is used to indicate location of NZ coefficients. In addition, the size of bitmap 2 is reported in CSI part 1. For the i-th layer, if there are  beams which have no NZ coefficients, the additional bitmap 2 needs (2L-)Mi  bits to indicate NZ coefficients of the layer. 
We should check how many beams have no NZ coefficients. In the following, the statistics of number of beam which has no NZ coefficients are given.  As discussed in section 2, Alt2B is adopted for SD/FD basis parameters (L, p) setting, and two different configurations are considered as given in Table 2. In the simulation, the number of beam L and the number of subband N3 is set to 4 and 13, respectively. The other simulation parameters are given in Table AI in Appendix.
Table 2:  The two configurations of Alt2B for different FD basis parameters p
	RI
	Layer
	L
	p (Config-1)
	p (Config-2)
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The statistical results for layer 0 and layer 1 with Config-1 and Config-2 are given in Fig.1 and Fig.2, respectively. For Alt2.2B, when L’ 2 for Config-1 and L’ 1 for Config-2, the feedback overhead could be no less than that of Alt2.1. The probability of both L’ 2 for Config-1 and L’ 1 for Config-2 is more than 60% by observing from Fig.1 and Fig.2. Hence, in most cases, the feedback overhead of using SD basis indication could be equivalent or reduced comparing with Alt2.1. Note that, in our simulation, M=2 is used for layer 2 and layer 3. Employing bitmap 1 is ineffective for such small M value. Therefore, size-2LMi bitmap (i=2,3) is directly reported for these two layers. In addition, the size of bitmap 2 is required to be reported in CSI part 1. It will cost  bits to indicate for each layer. As  is known by gNB, the number of beams which have NZ coefficients should be reported instead. Namely bits should be used for each layer in CSI part 1.
    
Figure 1: Probability of number of beam which has no NZ coefficients for layer 0 and layer 1 with Config-1
  
Figure 2: Probability of number of beam which has no NZ coefficients for layer 0 and layer 1 with Config-2
Based on above discussion and simulation results, we obtain the following observation and give the proposal. 
Observation-1: In most cases (>60% probability), the feedback overhead of using SD basis indication could be equivalent or reduced comparing with Alt2.1.

Proposal-5: For RI=3~4, adopt the modification of Alt2.2B:
· Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the 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) + indication of the number of beams that has non-zeros coefficient (UCI part 1)

Further, Alt2.3 seems much more efficient if there is weaker polarization. In [3], the possibility of such scenario has been proved for small codebook configuration values and higher ranks. Since all the differential amplitudes are not reported for the weaker polarization, the associated reference amplitude could be omitted in CSI part 2 if Alt2.3 is supported.

Proposal-6: If Alt2.3 is supported, the reference amplitude associated with the layer with weaker polarization should be omitted in CSI part 2.

In RAN1#96bis, eight alternatives were agreed for down selection for FD basis subset selection [1]. According to the outcome of email discussion, the following two agreements were made. 

 Offline agreement 1: The two-step FD basis subset selection is described as follows:
· The 1st (intermediate) step uses an intermediate FD basis set of size- (≤ )
· The value of  is RI- and layer-common
· The intermediate FD basis subset is RI- and layer-common
· The 2nd step uses an indicator to indicate the FD basis used for each layer
· FFS (to be resolved in RAN1#97): for the indicator, select between a -bit bitmap and X-bit combinatorial indicator where X is either  or . 
· FFS (to be resolved in RAN1#97): select one of the following alternatives on  setting mechanism:
· 1) reported in UCI part 1
· 2) higher-layer configured
· 3) fixed
· FFS (to be resolved in RAN1#97): select one of the following alternatives on size- intermediate subset (IntS)
· 1) IntS is adjacent and fully parameterized with , indicating that the intermediate set consists of FD bases ,
· FFS (to be resolved in RAN1#97): whether  is reported in UCI part 2, higher-layer configured, or fixed
· 2) IntS is selected freely from  FD bases, a combinatorial indicator is reported in UCI part 2
· FFS (to be resolved in RAN1#97): exact bitwidth, either  or  

Offline agreement 2: In RAN1#97, decide on FD basis subset selection scheme from the following alternatives:
· Free selection (Alt 5.1 in RAN1#96b)
· Fixed selection (Alt 5.4 in RAN1#96b)
· Two-step selection (the final outcome of proposal 1)


The above alternatives on FD basis subset selection could be divided into two categories, i.e. one-step selection and two-step selection. The performance-overhead tradeoff criteria should be applied to determine the scheme. For the one-step selection scheme, Alt5.1 is a straightforward scheme without optimization, requiring larger overhead. Alt5.4 restricts adjacent FD basis selection for each layer, where only a single initial FD basis index is indicated. Although the overhead is reduced, the performance would be impacted due to the adjacent selection restriction. On the other hand, the two-step selection uses an intermediate FD basis set of size-The FD basis used for each layer is only allowed to be selected from this intermediate FD basis set. In our opinion, the two-step selection is feasible to achieve better tradeoff between performance and overhead. 
According to the summarized proposals, there are two main issues related to the two-step selection scheme. The first one is the mechanism of  value determination.  value could be fixed, high layer configured or reported by UE. Note that the FD basis represents the power-delay profile of the downlink channel. For frequency selective channel, larger number of FD basis is required. Otherwise, smaller number of FD basis is enough for frequency flat channel. Therefore, the  value should be reported by UE to reflect the real channel characteristics. According to the configurations given in Table 2, Fig.3 shows the statistics of intermediate FD basis set size . We can see that the size  is variable in a certain range. To guarantee an adequate payload, the size  should be reported to gNB.
[image: ][image: ]
Figure 3: The statistics of intermediate FD basis set  size  

Another issue is the intermediate FD basis set determination. At the cost of a relatively larger overhead, the most flexible scheme is to select  FD basis freely from  candidate FD basis. Then the size- intermediate FD basis set is reported by UE in CSI part 2. The intermediate FD basis set could also be restricted to be adjacent for further overhead reduction. From the flexibility perspective, the initial FD basis index should be reported. Further, Fig.4 shows the probability distribution of the FD basis selected by UE. From the simulation result, those FD basis in the middle of the  candidate FD basis have less probability to be selected. In this way, given an  value, it is possible to assume the intermediate FD basis set is composed of the first  FD basis and the last  FD basis. This means the initial FD basis is fixed and relates to the reported  value. 
[image: ][image: ]
Figure 4: The statistics of the selected FD basis index
Based on the statistical results, we compare the payload of one-step selection and two-step selection as given in Table 3 and Table 4 for Config-1 and Config-2, respectively. Free selection (Alt5.1) is adopted as one-step selection. For two-step selection, the adjacent FD IntS schemes with the initial FD basis index Minitial reported or fixed are considered. 
Table 3:  The payload comparison of different FD basis subset selection schemes (bits) for Config-1
	Schemes
	RI=1
	RI=2 
	RI=3
	RI=4

	Free selection
	10
	20
	27
	34

	
	5
	6
	7
	8
	5
	6
	7
	8
	5
	6
	7
	8
	5
	6
	7
	8

	Adjacent FD IntS 
(Minitial is fixed )
	7
	8
	10
	11
	10
	12
	16
	18
	14
	16
	21
	23
	18
	20
	26
	28

	Adjacent FD IntS
(Minitial is reported)
	11
	12
	14
	15
	14
	16
	20
	22
	18
	20
	25
	27
	22
	24
	30
	32



Table 4:  The payload comparison of different FD basis subset selection schemes (bits) for Config-2
	Schemes
	RI=1
	RI=2 
	RI=3
	RI=4

	Free selection
	11
	22
	32
	42

	
	8
	9
	10
	11
	8
	9
	10
	11
	8
	9
	10
	11
	8
	9
	10
	11

	Adjacent FD IntS 
(Minitial is fixed )
	6
	9
	10
	12
	9
	15
	17
	21
	16
	22
	25
	30
	23
	29
	33
	39

	Adjacent FD IntS
(Minitial is reported)
	10
	13
	14
	16
	13
	19
	21
	25
	20
	26
	29
	34
	27
	33
	37
	43



Comparing the payloads of different alternatives, two-step selection without reporting intermediate FD basis consumes the least overhead. Even when reporting the initial FD basis index, it requires less bits to be reported than that of free selection. 

Proposal-7: On FD basis subset selection indicator, adopt the two-step selection scheme, where
· Size of the intermediate FD basis set, , should be reported in part 1,
· For the intermediate FD basis set, select one of the following alternatives:
·  the intermediate FD basis set is freely selected from  candidate FD basis
· the intermediate FD basis set is fixed if adjacent restriction is supported 
· the initial FD basis index of the intermediate FD basis set is reported if adjacent restriction is supported 
CBSR
According to the following agreement [4], CBSR is supported for the DFT-based compression Type II codebook. In this section, our views on CBSR design will be provided. 
Agreement
For RAN1 NR-AH 1901:
· Identify the remaining details required to finalize Type II rank 1-2 compression, e.g. range of values and configuration for each DFT-based compression parameter, CBSR utilization, detailed UCI design (such as reporting of coefficients associated with strongest beam/polarization)
· Companies are encouraged to evaluate the options A, B, C, D, and E (“other schemes”) summarized in Table 3 of R1-1813002 for potential support for Type II rank 1-2 overhead reduction 

In NR Rel-15, RI restriction and beam restriction are supported for Type II CSI. The aim of beam restriction is to control the combined beam direction to avoid interference with other cells. For Rel-15 Type II CSI, the beam direction of Type II CSI is determined by the linear combination of multiple DFT beams, which is related to DFT vectors and the corresponding coefficients. The total  DFT beams are divided into  beam groups, where each group comprises  beams. Then through restricting the maximum WB amplitude associated with each DFT beam in the selected beam groups, the beam direction could be controlled.
Following the same principle, both RI restriction and beam restriction should be supported for the DFT-based compression scheme. According to the structure of the codebook, the beam direction is related to the spatial domain DFT vectors, compression coefficients and the frequency domain basis vectors. This means the FD basis vectors also contribute to beam direction. On the other hand, from the time domain perspective, the FD basis vectors correspond to the time domain taps of the fading channel. It is reasonable to restrict certain delay taps to reduce UE’s computational complexity. Therefore, in addition to the spatial domain, CBSR should be extended to the frequency domain. The SD basis vectors restriction and the FD basis vectors restriction could reuse the grouping scheme adopted in Rel-15, where several adjacent vectors comprise one group. The compression amplitude coefficient set restriction could be achieved by restricting the maximum value of the amplitude coefficient within the set. Take the following codebook structure into account, 


where  and  denote the differential amplitude coefficient and the phase coefficient of beam  and FD basis vector . Reference amplitude coefficient is denoted as. For each beam, the weighting factor corresponds to the linear combination FD basis vectors instead of a single combining coefficient as in Rel-15. 
If restriction selects only, the amplitude coefficients set  for one polarization and the amplitude coefficients set  for another polarization would be restricted. Note that, for the second polarization, the overall amplitude is determined by the product of the reference amplitude and the differential amplitude. The beam direction is actually controlled by the overall amplitude, which should be taking into account for CBSR. Assume the CBSR rule is the maximum value of the amplitude coefficients, we’ll have


where represents the maximum allowed value of the amplitude coefficient. 
Similarly, if is also restricted, the amplitude coefficients set would be restricted, we’ll additionally have


where represents the maximum allowed value of the amplitude coefficient.
Proposal-8: CBSR is applied to both SD basis and FD basis. The maximum value of the associated overall amplitude (i.e. the product of reference amplitude and differential amplitude) is restricted.

Conclusions
In this contribution we discussed the unresolved issues of Type II rank 3-4 extension, UCI design and CBSR. Based on the analysis and simulation results, our observations and proposals are summarized below.


Observations:
Observation-1: In most cases (>60% probability), the feedback overhead of using SD basis indication could be equivalent or reduced comparing with Alt2.1.
Proposals: 
Proposal-1: On (L,p) setting for RI=3~4, Alt2B (layer-group common configuration for p)is supported.
Proposal-2: For determining the # NZC per layer, Alt0 (unrestricted  as long as ) is supported.
Proposal-3: RI+#NZC summed across layers (Alt1.1) should be supported for indicating the number of NZ coefficients. 
Proposal-4: For the strongest coefficient indicator reporting, one of the alternatives is supported:
· 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  indicator (i=0, 1, …, (RI-1))

Proposal-5: For RI=3~4, adopt the modification of Alt2.2B:
· Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the 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) + indication of the number of beams that has non-zeros coefficient (UCI part 1)

Proposal-6: If Alt2.3 is supported, the reference amplitude associated with the layer with weaker polarization should be omitted in CSI part 2.
Proposal-7: On FD basis subset selection indicator, adopt the two-step selection scheme, where
· Size of the intermediate FD basis set, , should be reported in part 1,
· For the intermediate FD basis set, select one of the following alternatives:
·  the intermediate FD basis set is freely selected from  candidate FD basis
· the intermediate FD basis set is fixed if adjacent restriction is supported 
· the initial FD basis index of the intermediate FD basis set is reported if adjacent restriction is supported 
Proposal-8: CBSR is applied to both SD basis and FD basis. The maximum value of the associated overall amplitude (i.e. the product of reference amplitude and differential amplitude) is restricted.
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Appendix
Table AI: Evaluation assumptions
	Parameters
	Values

	Duplex mode 
	FDD

	Scenario
	Dense Urban (Macro)

	Carrier frequency 
	4GHz

	Channel model
	According to the TR 38.901

	BS Tx power 
	41dBm

	BS antenna configuration
	32 ports: (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	4RX: (1,2,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bits 

	Number of RBs
	52 RBs for 15 kHz SCS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	UE distribution
	80% Indoor, 3km/h, 20% Outdoor, 30km/h

	UE receiver type
	MMSE and IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	SU-MIMO with rank adaption

	CSI feedback period 
	5ms

	Feedback delay
	4ms
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