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Introduction
In RAN1#96, high rank design of Rel-16 Type II codebook with FD compression was kicked off, and following agreements were made [1-4].
Agreement
For RI{3,4}, different layers are independently quantized just as RI=1 and 2.
Agreement
On SD and FD basis selection for RI{3,4}
· The parameter R is layer-common and RI-common
· For the higher-layer setting of SD/FD basis parameters (L, p):
· Down select among the following alternatives for the higher-layer setting of SD/FD basis parameters (L, p):
· Alt1 RI-common for RI{1,2,3,4}, layer-common 
· Alt2 RI-common for RI{1,2,3,4}, layer-/layer-group-specific
· Alt3 RI-common for RI{3,4}, layer-common 
· Alt4 RI-common for RI{3,4}, layer-/layer-group-specific
· Alt5 RI-specific for RI{3,4}, layer-common
· Alt6 RI-specific for RI{3,4}, layer-/layer-group-specific
· Note: For RI=1 and 2, RI-common, layer-common setting has been agreed
· Note: No other alternatives will be considered
Email discussion by 15th of March: Companies to provide more details on the alternatives listed above. Strive to converge on a single set of parameters for each alternative. (Eko, Samsung)
Agreement
On the max # NZ coefficients for RI{3,4}, down select from the following alternatives (no other alternatives will be considered)
· Alt0. For RI{1,2,3,4}, there is only one β value 
· Alt1. Total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI{1,2})
· Alt2. For RI{3,4}, there is only one value of max # NZ coefficients per layer < K0 where the K0 value is set for RI{1,2}
· Alt3. Total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI{1,2}) where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2 
· Alt4. For RI{3,4}, there is only one value of max # NZ coefficients per layer < K0 where the K0 value is set for RI{1,2} where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2
· Note: For RI{1,2}, there is only one K0 value (=max # NZ coefficients per layer)
Agreement
Decide in RAN1#96bis whether to support L=6 (in addition to L=2 and 4) taking into account RI{3,4} and/or 32 ports
· Also consider possible restriction(s) on the use case for supporting the additional value(s) of L 
In the following, we discuss high rank design alternatives and UCI parameters.
Discussion on RI={3,4} designs
Discussion on settings of {L,p} for RI={3,4}
In the last meeting, it was agreed that the total feedback overhead for RI={3,4} shall be comparable to the total feedback overhead for RI=2. To achieve this goal, further overhead reduction need to be considered for RI={3,4} rather than straightforward extension of the codebook agreed for RI={1,2}. In general, the optimization of further overhead reduction includes the following three dimensions:
· For RI={3,4}, the number of SD beams for each layer (value of ) is smaller than or equal to the number of SD beams for each layer of RI={1,2}
· Layer or layer-group independent W1 is needed to compensate the loss incurred by reducing value of L.
· For RI={3,4}, the number of FD compression basis for each layer (value of ) is smaller than or equal to the number of FD compression basis for each layer of RI={1,2}
· For RI={3,4}, the number of  non-zero coefficients for each layer (value of ) or across all layers is smaller than or equal to that for each layer of RI={1,2}.
In this section, we evaluate 2 alternative schemes (i.e., Alt1 and Alt5B in [5]). The details are provided in Table 1. Alt1 has RI-common and layer-common L and p and the overhead reduction is obtained by reducing value of  for RI={3,4} such that the total number of coefficients reported for RI=4 is equal to the total number of coefficients reported for RI=2. Alt5B has layer-common and RI-specific L for RI={3,4}, while the values of p and are same for all layers of all ranks. 
Table 1. Parameter settings for high-rank design schemes Alt1, Alt5B and Alt3C.
	
	L setting
	p setting
	 setting

	Alt1
	Same L for all layers of RI={1,2,3,4}
	Same p for all layers of RI={1,2,3,4}
	 for layers of RI={1,2};
 for layers of RI=3;
 for layers of RI=4;

	Alt5B
	 for layers of RI={1,2};
 for layers of RI=3;
 for layers of RI=4;
	Same p for all layers of RI={1,2,3,4}
	Same  for all layers of RI={1,2,3,4}


Simulation results are shown in Figure 1, where the plots are based on , , , ,  and . We can see that Alt1 outperforms Alt5B. This observation implies that Alt1 provides flexibility in selecting coefficients among L SD beams and M FD basis for each layer. This flexibility accommodates more practical deployment. For channels with low (resp. high) spatial correlation, UE may allocate more coefficients across SD beams (resp. FD basis), while focusing on fewer than M FD basis (resp. fewer than L SD beams). The problem with Alt5B are two-fold: 1) linear combination of 2 beams may not suffice to capture the angle spread of each layer especially for high rank and 32-port case, and 2) layer-specific beam selection leads to larger inter-layer interference than layer-common beam selection.
[image: ]
Figure 1. RI={3,4} basis setting comparison: Alt1, Alt5B and Alt5C, 10MHz
If the large bitmap used in Alt1 is an issue, reducing the number of FD basis for RI={3,4} can be considered. Among alternatives of reducing FD basis [5], RI-common for RI={1,2,3,4} with layer-group specific value of  or RI-common for RI={3,4} with layer-common value of  are preferred for the sake of minimizing spec effort and UE implementation complexity.
Hence, based on the above discussion, we have the following observation and propose:
Observation 1: RI-common with layer-common L and p for RI={1,2,3,4} achieves best throughput-overhead tradeoff, while alternatives with reducing number of SD basis for RI={3,4} achieves 2% loss compared to RI-common and layer-common L and p.
Proposal 1: For SD beam selection, support
· RI-common with Layer-common L for RI={1,2,3,4};
· layer-common SD beam selection
Proposal 2: For FD basis selection, support
· RI-common with layer-common for RI={1,2,3,4};
· Layer-independent FD basis selection
Discussion on number of coefficients for RI={3,4}
Another main design aspect related to RI={3,4} lies in the max number of coefficients. The discussion focuses on whether the max number of coefficients is configured per layer, or the max number of coefficients is configured as a max total number of coefficients across all layers. In the latter scheme, the assignment of total number of coefficients is upto UE. 
Simulation results on throughput-overhead tradeoff are illustrated in Figure 2, where the plots are based on , , , ,  and  for RI={1,2}. As shown, configuration of max total number of coefficients achieves better performance than the per-layer max number of coefficients. Intuitively, this is because the stronger layer may associate with few dominant taps and those taps are much stronger than the other taps, so the number of non-zero coefficients after quantization may be small. However, the weaker layers may associate with weak but more clusters, so that the taps in the delay profile may have comparable strength and the number of non-zero coefficients after quantization may be larger than that of stronger layers. Hence, configuration of max total number of coefficients provide flexibility for UE to assign the coefficients across all layers so as to better accommodate more practical deployment.
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Figure 3. Configuration of  vs.  with L=4 and 10MHz
Moreover, from UCI design perspective, having a constraint on the total number of coefficients shall be sufficient to control the total overhead. This is because bitmap has been adopted to report the non-zero coefficients, and its payload is only dependent on the number of basis, rather than the max number of non-zero coefficients per layer.
To sum, we have the following observation and propose
Observation 2: Configuration of max total number of coefficients across all layers achieves 2-3% gain over configuration of max number of coefficients per layer.
Proposal 3: For rank 3-4 type II codebook with frequency domain compression, support configuration of a max total number of coefficients across all layers, denoted by  The assignment of  among all layers is upto UE.
Other RI={3,4} schemes
Exploiting orthogonality among layers
As it has been agreed that the payload for rank-4 should be comparable to the payload for rank-2, the compression ratio for rank-4 is half of the compression ratio of rank-1. For instance, for rank-2, UE reports  coefficients from totally  coefficients; however for rank-4, UE reports  coefficients from totally  coefficients. Schemes exploiting orthogonality among layers help enhance the compression ratio while not incurring more overhead. 
In principle, for two orthogonal layers each with  coefficients, i.e.,  where  and , satisfying , UE only needs to report  coefficients, e.g., not reporting , because the unreported coefficient, e.g., , can be derived as  and the solution is unique. Similarly, if there is a third and a fourth layer, UE only needs to report  and  coefficients for the third layer and fourth layer, respectively. Applying this logic to Rel-16 type II codebook,
· For the first layer, UE needs to perform compression for coefficients associated with  beams, and the NZ coefficients are selected/quantized from  coefficients; 
· For the second layer, UE performs compression for coefficients associated with   beams, and the NZ coefficients are selected/quantized from  coefficients;
· For the third layer, UE performs compression for coefficients associated with   beams, and the NZ coefficients are selected/quantized from  coefficients;
· For the fourth layer, UE performs compression for coefficients associated with   beams, and the NZ coefficients are selected/quantized from  coefficients;
Consequently, for rank-4, UE reports  coefficients from totally  coefficients. Moreover, if the coefficients of each layer is normalized to the first beam, all coefficients associated with this beam are not needed to be reported. Hence, for rank-4, UE reports  coefficients from totally  coefficients. As the compression ratio is increased without increasing more overhead, the performance can be improved. Based on the discussion, we propose.
Proposal 4: For RI={3,4} design of Rel-16 type II codebook with FD compression, further study schemes that exploit orthogonality among layers and unit norm of each layer.
Extending R15-like type II codebook to rank 3-4 with overhead optimization
The scheme proposed in Section 6.1 is designed for 4Rx UEs which can support frequency compression codebook. However, this feature may not be applied to some 4Rx UEs that does not support frequency compression codebook. To this end, there may be a second direction for designing type II rank 3-4 codebook – extend rank 1-2 R15 type II codebook to rank 3-4 with overhead reduction, which results less than 3~4x overhead over rank-1.
Following includes the details of the scheme, the key idea is to limit the number of leading beams across all layers to be 1x or 1.5x to that of rank-2.
· For rank 3-4 type II codebook without frequency domain compression, a precoder for a layer on a subband is given by , where
·  is the spatial beam common to all layers.
·  is the wideband amplitude reported particularly for layer  and beam .
·  is the subband amplitude reported for layer , beam  on subband . 
· Only reported for some significant layers and beams; for the insignificant layers and beams, set  .
· Among all layers, the total number of beams with  report is equal to , where  is configured by gNB and  refers to the number of non-zero beams for layer . The value of  may be 3x or 2x the total number of coefficients for rank-1.
·  is the phase reported for layer , beam  on subband .
· Among all layers, for the  beams with  report,  is reported with 3-bit phase quantization; for the rest non-zero beams,  is reported with 2-bit phase quantization.
Besides, the method discussed in Section 6.2.1 can be applied to extending R15 rank 1-2 type II codebook to rank 3-4, where UE determines  leading beams across  beams across 4 layers.
Proposal 5: Support rank 3-4 type II codebook without frequency domain compression by extending R15 rank 1-2 codebook. Support configuration of a max total number of leading beams across all layers, denoted by . The assignment of  among all layers is upto UE.
UCI design
Indication of NNZC, RI and SCI
In RAN1 #NRAH1901, it was agreed that two-part UCI is reused to indicate the PMIs, where the payload of the second part is dependent on the content of the first part. It was also agreed that number of non-zero coefficients (NNZC) is reported in 1st part UCI, as it determines the payload of the quantization part to be reported in the 2nd part UCI. However, the exact design (per-layer indication or across-layer indication) remains open. Besides, since the exact design of non-zero coefficients would impact the bitwidth of RI and the bitwidth of the strongest coefficient indicator (SCI) for each layer, in this part, we elaborate options for the indication of NNZC together with the corresponding RI and SCI design.
In general, there are two options
· Alt1 (total NNZC across all layers and RI):
· NNZC: Report  as a total number of coefficients across all layers via  bits, where  is the max number of coefficients across all layers configured by the network. 
· RI: -bit to indicate rank. For  use 1-bit; for  use 2-bit.
· SCI: 
· If the outcome of coefficient discussion for high rank is having a per-layer max number of non-zero coefficients, then for layer-, use -bit indication. Note  is the max number of coefficients for layer- of the corresponding RI;
· If the outcome of coefficient discussion for high rank is having a max total number of non-zero coefficients across all layers, use -bit indication or -bit indication or the minimum between them, i.e., . Note that -bit indicates a coefficient among the total  non-zero coefficients being the strongest coefficient for layer-.
· Alt2 (per-layer NNZC indication w/o RI)
· NNZC: 
· If the outcome of coefficient discussion for high rank is having a per-layer max number of non-zero coefficients, then for layer-, use -bit to indicate . For each layer, the candidate NNZC  may take value of 0 to indicate the corresponding layer does not exist since RI is not reported. Note  is the max number of coefficients for layer- of the corresponding RI. The max operation taken over all possible RIs is because  may be rank-dependent and the bitwidth of NNZC should be regardless of RI. 
· If the outcome of coefficient discussion for high rank is having a max total number of non-zero coefficients across all layers, use -bit indication or -bit indication or the minimum between them, i.e., . 
· RI: no need to report RI, as   will be reported for rank-2.
· SCI: For layer-, -bit indication
Table 4. Bitwidth of NNZC, RI and SCI of different alternatives
	
	Alt1
	Alt2

	NNZC
	
	 or 

	RI
	
	0

	SCI
	 or 
	



The summary of payload calculation is shown in Table 4. The advantage of Alt1 lies in minimizing the payload in 1st part UCI, but it needs more bits in reporting SCI compared to Alt2. A comparison among these three alternatives is given in Table 6 with the parameters provided in Table 5. We can see that Alt1 achieves lowest overhead among the three alternatives, especially for the overhead in UCI part 1. Hence, Alt1 is preferred.
On the other hand, the SCI design should be dependent on the outcome of the coefficient discussion for high rank. Since having a max total NNZC and UE assignment of NNZC across layers achieve good performance and overhead tradeoff, using -bit to indicate SCI is preferred.
Table 5. Parameters used for overhead comparison between different alternatives of NNZC, RI and SCI reporting
	
	RI/RImax
	
	 or  
	L
	 or 

	12
	4/4
	6 (i.e., p=0.5, common for all layers)
	 (common for all layers) or 
	4 (common for all layers)
	 or 


Table 6. Overhead comparison between different alternatives of NNZC, RI and SCI reporting
	Per-layer max NNZC

	
	Alt1

	Alt1

	Alt1

	Alt2

	Alt2

	Alt2


	NNZC + RI
	7
	8
	9
	12
	16
	20

	SCI 
	8
	12
	16
	8
	12
	16

	Total
	15
	20
	25
	20
	28
	36

	Total max NNZC across all layers

	
	Alt1

	Alt1

	Alt1

	Alt2

	Alt2

	Alt2


	NNZC + RI
	7
	8
	9
	20
	24
	24

	SCI (counting 4 layers)
	16
	20
	24
	8
	12
	16

	Total
	23
	28
	33
	28
	36
	40


Based on the above discussion, we observe
Observation 3: Reporting total NNZC across all layers with RI achieves lowest overhead, especially for 1st part UCI.
Proposal 6: For NNZC and RI reporting in R16 type II codebook with FD compression, support the following:
· Report total number of NNZC,  in the 1st part UCI using  bits, where  is the max total number of coefficients across all layers.
· Report RI with -bit;
Proposal 7: The SCI design in R16 type II codebook with FD compression should consider the outcome of coefficient discussion of RI={3,4}, and the following design is preferred:
· For layer-, report SCI using -bit indication or -bit indication or the minimum between them, i.e., .  
Indication of FD basis selection
Another open issue lies in the exact design of FD basis reporting for each layer. Due to layer-independent basis selection, the most straightforward and flexible way is via an -bit bitmap for each layer. However, since  may be as large as 38 (when ), this method will provide too much overhead for high rank, e.g., 76 more bits for rank-4 compared to rank-2. Optimized UCI design is needed to reduce the overhead in FD basis reporting.
When  is large and  is relatively small, the selected bases are located relatively close, and the span of the M bases (e.g., from the first selected basis to the last selected basis) may occupy only a small portion of the entire  candidate basis. Moreover, the span of the M basis selected for different layers may partially overlapped. Hence, a two-step report of the FD basis is useful. The reporting mechanism is elaborated below.
· In the first step, report an intermediate set of bases that covers the union of the FD basis selected for each layer. 
· In the second step, report the FD basis for each layer from the intermediate set.
The detailed design of this two-step procedure is as follows:
· The payload for the second step is determined on the size of the intermediate set reported in the first step, so the size of the intermediate set, i.e., , should be reported in UCI part 1 via  bits. 
· There are two ways to report the intermediate set. 
· Opt1: A straightforward way is via an -bit bitmap in UCI part 2. 
· Opt2: The second way comprises reporting a window as the intermediate set. The window is characterized by 1) an initial point indicator, denoted by  indicated via -bit, in UCI part 2, and 2) a size indicator, denoted by  indicated via -bit in UCI part 1. It means that the basis included in the window are active and will be used for the selection in the second step. The window includes basis with indices  where . The window-based method is illustrated in Figure 3.
· For each layer, the report of the FD basis from the intermediate set is achieved via a -bit bitmap in UCI part 2.


Figure 3. Illustration of window-based two-step FD basis selection
Based on the discussion, we propose
Proposal 8: for R16 type II codebook with FD compression, support a two-step FD basis indication which comprises
· Step 1: Report a window-based intermediate set that covers the union of the FD basis selected for all layers
· The size of the intermediate set  is reported via  bits in UCI part 1, or  is fixed or configured.
· Report starting point of the window, denoted by , in 2nd part UCI with  bits
· Step 2: For layer-, report FD basis selection using a  -bit bitmap in 2nd part UCI.
Indication of Insufficient M and/or K0
In current R16 Type II codebook with FD compression, the total feedback overhead is controlled by the number of basis (i.e.,  or ) and the total number of non-zero coefficients (i.e., ,  or ). The configured value of M and K0 are based on a relatively long-term observation/measurement (e.g., based on SRS) by the network. However, when UE suffers from narrow-band interference (measured from CSI-IM or NZP IMR), the resultant channel after whitening the interference would become less correlated across different subbands. In this case, the configured values of  and/or  may be insufficient to capture the enhanced frequency selectivity, because the narrow band interference is relatively a short-term statistic and the network is not be able to track the interference observed by the UE. If the UE employs the configured value of  and  to calculate PMI, the reported CQI and the resulted throughout may be worse than R15 Type II or R15 Type I codebook. 
To solve this issue, a basis sufficiency indication can be reported in UCI part 1 for the network to identify that the value of  and/or  are insufficient to provide a solid PMI. Then, based on this indication, the network may decide to trigger another CSI reporting configuration with larger values of  and/or , or decide to fallback to R15 Type II or Type I codebook. 
The basis sufficiency indication can be reported in different ways
· Implicit indication via reporting NNZC=0 or  in UCI part 1. In this case, UE may only report  matrix in UCI part 1 or drop UCI part 2.
· Explicit indication via a dedicated 1-bit field in UCI part 1. In this case, UE may only report  matrix in UCI part 1, or drop UCI part 2, or report a full CSI with UCI part 1 and part 2 following the configured values of  and  (or ).
Hence, based on the discussion, we propose
Proposal 9: For R16 Type II codebook with FD compression, support a basis sufficiency indication in UCI part 1 with one of the following alternatives:
· Implicit indication via reporting NNZC=0 or  in UCI part 1. In this case, UE may only report  matrix in UCI part 1 or drop UCI part 2.
· Explicit indication via a dedicated 1-bit field in UCI part 1. In this case, UE may only report  matrix in UCI part 1, or drop UCI part 2, or report a full CSI with UCI part 1 and part 2 following the configured values of  and  (or ).
Number of FD Compression Units
Another remaining issue lies in the definition of  value (number of FD compression units) when the number of PMI SBs is greater than 13. In this case, to ease the computation efficiency, it is preferred the value of  being always powers of 2, 3, or 5 only, i.e., , where ,  and  are non-negative integers. To this end, there are two alternatives illustrated in Figure 1 and 2. 
Alt1 is to perform extrapolation to the configured PMI SBs so as to have a number of PMI SBs equal to the smallest  that is greater than the number of configured PMI SBs. The PMI compression is performed to the SBs after extrapolation, and the gNB is able to extract the required PMIs. Possible extrapolation methods including zero-padding, repeating the edge SBs or extrapolating based on the frequency correlation.
Alt2 divides the configured PMI SBs into two segments, wherein each segment consists of a number of PMI SBs equal to the smallest  that is greater than or equal to , where . These two segments may have an overlapping part. The CSI calculation and compression is performed for each segment.


Figure 4. Illustration of extrapolation


Figure 5. Illustration of segmentation
A spectral efficiency performance is illustrated in Figure 6-7, considering 10MHz with 13SBs. It shows that the edge SB performance achieved with Alt1 is slightly better than the baseline scheme (i.e., ). Alt2 achieves worst performance among the three schemes. The reason is that the two segments may have similar power-delay profile and such power-delay profile is similar to the that obtained by doing one compression for the entire band. Hence, reporting M basis for the entire band would yield better performance than reporting M/2 basis for each segment. 

[image: ]Figure 6. Performance comparison of alternations for N3: SE on all SBs, 10MHz
[image: ] Figure 7. Performance comparison of alternations for N3: SE on edge SBs, 10MHz

On the other hand, although extrapolation/segmentation yields  being , these two alternatives enhance the UE implementation and spec complexity as either of them provides a different implementation compared to the case where number of PMI subbands is smaller than or equal to 13. From this perspective, these two alternatives yield neither good performance gain nor simplified design. Hence, unified framework with  regardless of its value should be studied as baseline.
Moreover, since the BWP may start at any RB, the edge CQI subbands may have smaller number of RBs than the nominal CQI subband size. This issue is fine with Rel-15 Type II codebook as the CSI is reported per subband. However, for Rel-16 Type II codebook with frequency domain compression, following issues need to be considered.
· The PMI computed at edge subbands (before compression/quantization) may degrade the continuity of the PMIs across frequency domain. This would impact the performance after FD compression, as the discontinuity at edge subband may cause large ripple in the compressed domain (e.g., time domain). 
· When R=2, some edge CQI subband may have only one PMI subband, thus resulting in an odd number for the total number of PMI subbands. In this case, extrapolation is needed to meet  as  is an even number when R=2. This adds extra UE implementation complexity.
To address above two issues, any CQI subband configured for Rel-16 Type II CSI shall be always a nominal subband which contains a number of RBs equal to the configured CQI subband size. Based on the above discussion, we propose
Proposal 10:  Support a unified framework to determine the value of  regardless its value, i.e., , where any CQI subband configured for Rel-16 Type II CSI shall be always a nominal subband which contains a number of RBs equal to the configured CQI subband size.
Discussion on L=6
In the last meeting, some companies shown that there is 2% gain offered by L=6 compared to L=4, thus it was agreed to decide whether L=6 is supported in RAN1#96bis. In our view, there are two issues of L=6 to be considered. 
The first issue is related to increased overhead. Comparing codebook with L=6 with L=4, the bitmap size used for coefficient selection in UCI part 2 is increased by , and the number of coefficients is increased by  (i.e., the number of quantization bits increased by ). With ,  and , the total overhead increment is around 300 bits, and the total overhead can be as large as Rel-15 Type II codebook. Considering UL throughput requirement, such a large UCI payload can be only handled by cell-center UE (e.g., cell-edge UEs cannot report 1000 bits UCI with the target error rate). Hence, the actual cell-average throughput shall be smaller than the shown 2%.
The second issue is from complexity perspective. Linear combination with 6 beams increases matrix operation complexity and requires more FD compression processes compared to linear combination of 4 beams. These added UE complexities require more CSI processing time and memory, which would further decrease the CSI quality due to the channel aging effect. From this aspect, 2% in throughput is not worth of the extra complexity compared to L=4. Hence, based on the discussion, we observe and propose
Observation 4: L=6 yields overhead as large as Rel-15 Type II CSI.
Proposal 11: L=6 is not supported for R16 Type II codebook with FD compression.
Conclusion
In this contribution, we discuss the open issues related to type II CSI enhancement, including …. Based on the following observation,
Observation 1: RI-common with layer-common L and p for RI={1,2,3,4} achieves best throughput-overhead tradeoff, while alternatives with reducing number of SD basis for RI={3,4} achieves 2% loss compared to RI-common and layer-common L and p.
Observation 2: Configuration of max total number of coefficients across all layers achieves 2-3% gain over configuration of max number of coefficients per layer.
Observation 3: Reporting total NNZC across all layers with RI achieves lowest overhead, especially for 1st part UCI.
Observation 4: L=6 yields overhead as large as Rel-15 Type II CSI.
We propose,
Proposal 1: For SD beam selection, support
· RI-common with Layer-common L for RI={1,2,3,4};
· layer-common SD beam selection
Proposal 2: For FD basis selection, support
· RI-common with layer-common for RI={1,2,3,4};
· Layer-independent FD basis selection
Proposal 3: For rank 3-4 type II codebook with frequency domain compression, support configuration of a max total number of coefficients across all layers, denoted by . The assignment of  among all layers is upto UE.
Proposal 4: For RI={3,4} design of Rel-16 type II codebook with FD compression, further study schemes that exploit orthogonality among layers and unit norm of each layer.
Proposal 5: Support rank 3-4 type II codebook without frequency domain compression by extending R15 rank 1-2 codebook. Support configuration of a max total number of leading beams across all layers, denoted by . The assignment of  among all layers is upto UE.
Proposal 6: For NNZC and RI reporting in R16 type II codebook with FD compression, support the following:
· Report total number of NNZC,  in the 1st part UCI using  bits, where  is the max total number of coefficients across all layers.
· Report RI with -bit;
Proposal 7: The SCI design in R16 type II codebook with FD compression should consider the outcome of coefficient discussion of RI={3,4}, and the following design is preferred:
· For layer-, report SCI using -bit indication or -bit indication or the minimum between them, i.e., .  
Proposal 8: For R16 type II codebook with FD compression, support a two-step FD basis indication which comprises
· Step 1: Report a window-based intermediate set that covers the union of the FD basis selected for all layers
· The size of the intermediate set  is reported via  bits in UCI part 1, or  is fixed or configured.
· Report starting point of the window, denoted by , in UCI part 2 via  bits
· Step 2: For layer-, report FD basis selection using a  -bit bitmap in 2nd part UCI.
Proposal 9: For R16 Type II codebook with FD compression, support a basis sufficiency indication in UCI part 1 with one of the following alternatives:
· Implicit indication via reporting NNZC=0 or  in UCI part 1. In this case, UE may only report  matrix in UCI part 1 or drop UCI part 2.
· Explicit indication via a dedicated 1-bit field in UCI part 1. In this case, UE may only report  matrix in UCI part 1, or drop UCI part 2, or report a full CSI with UCI part 1 and part 2 following the configured values of  and  (or ).
Proposal 10:  Support a unified framework to determine the value of  regardless its value, i.e., , where any CQI subband configured for Rel-16 Type II CSI shall be always a nominal subband which contains a number of RBs equal to the configured CQI subband size.
Proposal 11: L=6 is not supported for R16 Type II codebook with FD compression.
Appendix
Table 6, Simulation assumptions
	Parameter
	Value

	Duplex, Waveform
	FDD (TDD is not precluded), OFDM

	Multiple access
	OFDMA

	Scenario
	Dense Urban.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction

	BS Tx power
	41 dBm

	BS antenna height
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation
	Up to 256QAM

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

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS
	15kHz

	Number of RBs
	52 for 15 kHz SCS

	Number of RB per subbands
	8

	Simulation bandwidth
	10 MHz

	Frame structure
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	MIMO layers
	Maximum 12 layers  for MU-MIMO

	CSI feedback
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms,
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 50%

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h)

	UE receiver
	MMSE-IRC as the baseline receiver
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