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In 3GPP RAN1 #103e meeting, the following agreements are made for CSI enhancements.
· FDD CSI enhancements
Agreement
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.
Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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· CSI enhancements for MTRP
Agreement
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e.
In this contribution, we provide our views on CSI enhancement based on FDD angle and delay reciprocity including codebook structure, mechanism to improve utilization of CSI-RS and the corresponding evaluation results. Besides CSI enhancement for multi-TRP is also discussed in this contribution.

[bookmark: _Ref129681832]Rel-17 port selection codebook enhancement based on angle and/or delay reciprocity
Based on last meeting’s agreements, port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17 and some candidate codebook structures are proposed for further down selection. In this section, codebook structure down selection has been discussed in section 2.1. In section 2.2, mechanisms to convey SD-FD beamforming bases using CSI-RS ports is discussed.
Codebook structure of Rel-17 PS CB enhancement
Six alternatives were agreed as candidate codebook structures for Rel-17 PS CB enhancement in RAN1#103e [1]. In this section, we will analyze theses candidate CB structures and provide our view on codebook structure down selection.
In the six candidate codebook structures, Alt0 (Based on  or ,  can be an identity matrix) is a special case for other candidate codebook structures, which can be harmonized after down selection among other 5 candidate CB structures. So firstly we focus on the other 5 candidate CB structures.
One advantage by using angle and latency reciprocity is that gNB has fully free selection of SD-FD vectors. However, this has a restriction in last meeting’s agreement for Alt4 - each CSI-RS port group corresponding to the same SD basis, which will introduce restriction (shown as Figure 1) on the selection of SD-FD vectors. This restriction will introduce performance loss, e.g. about 5% performance loss can be observed by comparing to the case of full free selection in R1-2008154 [2]. Due to Alt4 does not make full use of angle and latency reciprocity and introduces performance loss, so it is not suitable to take Alt4 as codebook structure of Rel-17 PS CB.
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Full free selection          Restricted selection
Figure 1. Different SD-FD vectors selection methods at gNB
For remaining Alt 1, Alt 2, Alt 3 and Alt5, the main differences are as follows, which is summarized in Table 1.
· One or multiple SD-FD/SD beamforming bases per CSI-RS port  is 
· One SD-FD/SD beamforming basis per CSI-RS port: Alt1, Alt3-0
· Multiple SD-FD/SD beamforming bases per CSI-RS port: Alt2, Alt3-1, Alt3-2, Alt5
· Difference on 
· No : Alt1, Alt2
·  is selection matrix: Alt3-2
·  is DFT based matrix: Alt3-0, Alt3-1, Alt5





Table 1. Summary of different between different Alt 1, Alt2, Alt3 and Alt 5
	
	No 
	 is selection matrix
	 is DFT matrix

	One SD-FD/SD beamforming basis per CSI-RS port

	Alt 1
	
	Alt 3-0

	Multiple SD-FD/SD beamforming bases per CSI-RS port
	Alt 2
	Alt 3-2
	[Alt 3-1], Alt 5



· Potential impact of CSI-RS Overhead 
Applying multiple beamforming bases over single CSI-RS port can effectively improve utilization of CSI-RS to reduce CSI-RS overhead. And one SD-FD/SD beamforming basis per CSI-RS port with lower frequency domain density (e.g. 0.25) can also be used to reduce CSI-RS overhead. In order to compare CSI-RS overheads corresponding to different mechanisms, we evaluate and calculate the CSI-RS overhead (Average CSI-RS ports number per 5ms per cell during the simulation time) of different mechanisms by system level simulation based on CSI-RS overhead calculation method agreed in RAN1#102e (Detail can be found in [3]). And then the CSI-RS overhead is deducted from the performance (Mean UPT) by the following formula, we assume that Y equals to 5 and 132 REs are used for PDSCH transmission. 

In order to investigate the benefit of applying multiple beamforming bases over singe CSI-RS port and lower frequency domain density (e.g. 0.25), four CSI-RS utilizing solutions are simulated and summarized in Table 2 assuming the same 32 SD-FD beamforming pairs per CSI-RS resource, in which Solution 1 and Solution 2 are supported by existing spec. Solution 3 has lower frequency domain density - 0.25. Solution 4 is an example of applying multiple beamforming bases over singe CSI-RS port by mapping 4 SD-FD bases FDMed into single CSI-RS port (Details can be found in Section 2.2).
Table 2. Details of different CSI-RS utilizing solutions
	Solution
	CSI-RS port number
	Frequency density
	Beamforming bases number per CSI-RS port

	1
	32
	1
	1

	2
	32
	0.5
	1

	3
	32
	0.25
	1

	4
	8
	1
	4


In the simulation, we evaluate the performance of R17 PS CB with different CSI-RS utilizing solutions in Table 2, and take mean UPT of Type I as 100%. More descriptions on the simulation assumption can be found in Appendix A. Table 3 gives the CSI-RS overhead, Mean UPT gain with CSI-RS overhead and Mean UPT gain without CSI-RS overhead of different solutions. 
Table 3. CSI-RS overhead of different solutions (Average CSI-RS REs per PRB per 5ms)
	                     Solution
Performance
	1
	2
	3
	4

	CSI-RS overhead
(per 5ms per cell)
	Low UCI payload
	46 REs
	24 REs
	12 REs
	12 REs

	
	High UCI payload
	35 REs
	18 REs
	9 REs
	9 REs

	Mean UPT
(without CSI-RS overhead)
	Low UCI payload
	141.8%
	141.7%
	141.5%
	141.8%

	
	High UCI payload
	178.5%
	178.8%
	178.3%
	179.3%

	Mean UPT
(with CSI-RS overhead)
	Low UCI payload
	134.8%
	138.1%
	139.7%
	140.0%

	
	High UCI payload
	173.2%
	176.2%
	177.0%
	177.9%



Based on above discussion we found that, multiple-SD-FD/SD beamforming bases per port or a lower density of 0.25 has lower CSI-RS overhead, shown as CSI-RS overhead in Table 3. In addition, due to only wideband coefficient is calculated for each beamforming basis at UE, Solution 3 and Solution 4’s performance does not degrade even with lower CSI-RS overhead by reducing frequency sampling. So compared with other solutions, Solution 3 and Solution 4 can provide better mean UPT after taking into account CSI-RS overhead.
Observation 1: Multiple-SD-FD/SD beamforming bases per port or a CSI-RS resource with a lower density as 0.25 can provide better mean UPT gain if taking into account CSI-RS overhead.
· Compared to CSI-RS with frequency density 1, about 5% mean UPT gain can be observed at low UCI payload and about 4% mean UPT gain can be observed at high UCI payload.
· Compared to CSI-RS with frequency density 0.5, about 2% mean UPT gain can be observed at low UCI payload and about 1.5% mean UPT gain can be observed at high UCI payload.
· Potential impact of CSI-RS Resource Configurations 
Taking 32 SD-FD beamforming bases as an example, for one SD-FD beamforming basis per CSI-RS port, 32 ports must be used and there are always 32 REs per RB. For multiple SD-FD/SD beamforming bases per CSI-RS port, we can used 8ports with 4 SD-FD beamforming bases per port, 16 ports with 2 SD-FD beamforming bases per port or 32ports 1 SD-FD beamforming basis per port, which means there can have 8 REs, 16REs and 32 REs per RB, shown as Figure 2-a. Benefiting from the flexible REs number per RB, gNB have more flexibility to CSI-RS configuration.
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  32 port CSI-RS pattern 1             32 port CSI-RS pattern 2
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  8 port CSI-RS pattern 1             8 port CSI-RS pattern 2
a) 32 ports and 8 ports CSI-RS pattern
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(1) PDCCH + Front loaded DMRS           (2) PDCCH + Front loaded DMRS + TRS
b) RE allocation for different scenarios
Figure 2. Examples of CSI-RS pattern and RE allocation for different scenarios
Taking four solutions in Table 2 as examples, configurable CSI-RS resources per slot is calculated in Table 4 for different scenarios.
· PDCCH + Front loaded DMRS: except 2 OFDM symbols for PDCCH and one OFDM symbols for Font loaded DMRS, the remaining REs can be used for CSI-RS, shown as Figure 2-b (1).
· PDCCH + Front loaded DMRS + TRS: except 2 OFDM symbols for PDCCH, one OFDM symbols for Font loaded DMRS and 6REs/RB for TRS, the remaining REs can be used for CSI-RS, shown as Figure 2-b (2).
Table 4. Number of configurable CSI-RS resources per slot for different scenarios
	Solution
	PDCCH + Front loaded DMRS
	PDCCH + Front loaded DMRS + TRS

	1
	Pattern 1
	2*1 = 2
	0*1 = 0

	
	Pattern 2
	2*1 = 2
	1*1 = 1

	2
	Pattern 1
	2*2 = 4
	0*2 = 0

	
	Pattern 2
	2*2 = 4
	1*2 = 2

	3
	Pattern 1
	2*4 = 8
	0*4 = 0

	
	Pattern 2
	2*4 = 8
	1*4 = 4

	4
	Pattern 1
	11*1 = 11
	9*1 = 9

	
	Pattern 2
	15*1 = 15
	9*1 = 9



From Table 4, it can be observed that compared with one SD-FD/SD beamforming basis per port, multiple SD-FD/SD beamforming bases per port can provide more configurable CSI-RS resources per slot.
Observation 2: Compared to one SD-FD/SD beamforming basis per CSI-RS port, multiple SD-FD/SD beamforming bases per port can provide more configurable CSI-RS resources per slot due to more efficient usage of CSI-RS port.

· Analysis on impact of difference on 
In principle, gNB could reconstruct the precoder for DL data transmission by combining CSI-RS beamforming vectors known by the gNB and combination coefficients reported by the UE. Since the CSI-RS beamforming vectors are only known at the gNB, UE only needs to report combination coefficients (e.g. including both amplitude and phase per coefficient) and location indices (e.g., bitmap or binominal coefficient) for those selected coefficients. Thus, all Alts can be similar in terms of design principle.
Furthermore, the Alts with  as DFT matrix could provide better design flexibility and enable different gNB implementation. Generally, gNB can apply non-DFT bases (e.g. SVD bases) in both spatial and frequency domain to CSI-RS ports/resources based on the second order statistics of uplink channel, which can match the channel characteristics more precisely and benefit the performance of MU-MIMO eventually. Therefore gNB may limit  as one DFT vector, e.g., with all the elements being 1.
For other possible implementations, for example considering the low implementation complexity of DFT bases, gNB may prefer DFT bases from UL channel. Therefore if DFT bases are used at gNB, gNB can apply some selected SD-FD bases over CSI-RS ports/resource. Afterwards, the residual part of FD bases can be configured to UE by restricting DFT bases in . Therefore, by adjusting the dimension of , the complexity can be tradeoff between gNB and UE.
Based on above analysis, different gNB implementations may be feasible. For example, gNB can limit  as one DFT bases by applying non-DFT bases over CSI-RS ports per resource and reducing UE complexity maximally. gNB can also configure more than one DFT bases for  to tradeoff CSI complexity/acquisition accuracy between gNB and UE.
Observation 3: With Alt 5 as basic codebook structure, gNB implementations over beamformed CSI-RS ports can be more flexible by using such a harmonized codebook structure.
Based on the above discussion, we can find that considering to lower CSI-RS overhead, Alts supporting multiple-SD-FD/SD beamforming bases per port or with a lower density of 0.25 are preferred. Furthermore multiple-SD-FD/SD beamforming bases per port is slightly prefer due to more flexible configuration of CSI-RS resource. Moreover, DFT matrix is slightly preferred due to enable different gNB implementations. From these aspects, it can be observed that Alt 5 is more suitable for R17 port selection codebook structure, which has the following detailed design of matrices  and .
· () is a SD-FD basis selection matrix in order to freely select  bases out of  bases or  bases out of  bases whereas each column of  has only one element of “1”.
· () is a DFT based compression matrix, whereas  = NCQISubband*R and .  
In order to achieve the basic function of CSI acquisition based on angle and delay reciprocity for most general cases,  should be supported and other possible value of  and  can be further studied. 
Based on the above discussion, we have the following proposal on codebook structure of Rel-17 port selection codebook enhancements.
Proposal 1: Taking Alt 5 as basic codebook structure for R17 port selection codebook structure. 
·  should be supported for , and further study other candidate values of  and N.

Mechanism to convey SD-FD beamforming bases using CSI-RS ports 
As shown in Section 2.1, multiple SD-FD beamforming bases per CSI-RS port can provide lower CSI-RS overhead and more configurable CSI-RS resources per slot, which should be supported by R17 codebook structure. In this section we will explain some mechanism to convey multiple beamforming bases over one CSI-RS port so that the definition of the CSI-RS port remain unchanged.
A mechanism to convey multiple beamforming bases on one CSI-RS port is to divide frequency units of each CSI-RS port into multiple groups and each group corresponds to a sub-sampled CSI-RS beamforming vector. As illustrated in Figure 3, for example, it is assumed that there are two CSI-RS beamforming vectors  and . And  frequency units of the -th port are assumed to be divided into two groups and each group contains  frequency units. The CSI-RS beamforming vector sampled from  in frequency domain can be applied to the first frequency unit group (red blocks in Figure 3). And the CSI-RS beamforming vector sampled from  in frequency domain can be applied to the second frequency unit group (blue blocks in Figure 3). 
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Figure 3. Illustration of frequency unit division corresponding to two SD-FD beamforming vectors 
There are several approaches to achieve above mechanism. For example, new CSI-RS pattern design principle can be introduced. As illustrated in Figure 3, two CSI-RS patterns can be involved in one CSI-RS resource and each CSI-RS pattern corresponds to a group of CSI-RS ports, e.g. CSI-RS port group 1 corresponding to the first half of CSI-RS ports is configured by CSI-RS pattern 1 shown as red blocks，and CSI-RS port group 2 corresponding to the second half of CSI-RS ports is configured by CSI-RS pattern 2 shown as blue blocks in Figure 3. However, CSI-RS patterns shall be re-defined and introduced in specification for a given number of CSI-RS ports. 
CSI-RS resource combination can be considered as another approach to achieve the above mechanism. As illustrated in Figure 3, the 1th CSI-RS resource accommodates the first beamforming vector sampled from  (red blocks), and the 2nd CSI-RS resource accommodates the second beamforming vector sampled from  (blue blocks). Based on this approach, there are different ways to obtain PMI and CQI: 1)  PMI can be calculated based on  CSI-RS resources respectively and independently, and then  PMI can be combined to obtain one CQI at the UE, similar with NCJT CSI design but assuming non-overlapped PDSCH from multiple TRPs; 2)  CSI-RS resources are combined to determine one PMI and one CQI.  linear combination coefficients in PMI are calculated based on  resources. By this approach, the CSI-RS design doesn’t need to be changed. Some combination rules/restrictions may be needed to ensure/lower UE/specification complexity. 
For the third approach, we still use one CSI-RS resource and keep the CSI-RS design same as R15/R16. In this approach, the beamforming vector sampled from  in frequency domain can be applied to the first frequency unit group in one CSI-RS port. And the CSI-RS beamforming vector sampled from  in frequency domain can be applied to the second frequency unit group in the same CSI-RS port. Therefore for one CSI-RS port, it eventually can accommodate two sampled CSI-RS SD-FD beamforming vectors. The third mechanism doesn’t need new CSI-RS pattern or CSI-RS resource combination, but needs the conversion of CSI-RS equivalent channel  to match the number of SD-FD beamforming bases .
Based on above discussion, it can be observed that different approaches can be used to convey and describe multiple SD-FD beamforming bases per CSI-RS port, from specification perspective, with limited specification impact.
Observation 4: A number of approaches can be used to convey and describe multiple SD-FD beamforming bases per CSI-RS port with limited specification impact.  

CSI Enhancement for Multi-TRP
In the following, we focus on CSI enhancement for NC-JT where CSI measurement is associated to one single reporting setting.
CSI measurement enhancement
From the current agreement, NZP CSI-RS resources for channel measurement within the single CSI-RS resource set are associated to different TRPs/TCI states at resource level. To enable NCJT measurement, by a given CSI reporting configuration, the UE shall be able to identify NCJT measurement hypotheses within a given boundary of measurement resource configuration. 
The straightforward approach is to extend the principle in Rel-15 used in CSI measurement for single-TRP hypothesis. Specifically, any two CMRs associated to a CSI reporting configuration with two TCI states correspond to one NCJT hypothesis. UE reports one CSI from all CSIs calculated cross all CMR pairs. It means the UE is required to perform  joint CSI calculations on the corresponding CMR pairs, where ks denotes the number of CMRs associated to a CSI reporting configuration. The CSI calculation become very complicated if ks is too large. 
To address the above issue, one simple solution is to restrict the number of CMRs to be 2, when the UE is configured to report CSI for NC-JT. With the above restriction, because only one CMR pair exists, no CRI corresponding to NC-JT hypothesis is needed to report. Therefore the extension on CRI code point is not required whilst minimizing standardization effort. 
Proposal 2: For CSI reporting for NCJT in Rel-17, the number of CMRs associated to a CSI-ReportingConfig is restricted to 2.

CSI reporting enhancement
For CSI reporting, the following three alternatives are identified in last RAN1 meeting:
Alt.1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured.
Alt. 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured.
Alt.3: the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured.
By the above alternatives, the UE needs to perform ks CSI computations under single-TRP hypothesis and  joint CSI calculations under NCJT hypothesis, where ks denotes the number of CMRs associated to a CSI reporting configuration. In Alt.2, the UE is required to compare the CSIs under the best single-TRP and the best NCJT measurement hypotheses and determine to report one CSI among these two CSIs. It leads to the additional computation complexity. Hence from the UE perspective, alt.2 is with the higher CSI computation complexity.
Regarding CSI reporting payload, alt.2 requires the least CSI reporting payload among three alternatives, because the UE only reports one CSI. The measurement hypothesis associated to the reported CSI is determined by the UE. It means that alt.2 is pretty much up to the UE so that the gNB scheduling will follow whatever the UE report. 
The opposite happens in alt.1 and alt.3, where the CSIs associated with both single-TRP and NCJT hypotheses are reported. The reported CSIs enable the gNB to perform flexible scheduling in single-TRP mode or NCJT mode at the cost of higher CSI reporting payload. The difference between alt.1 and alt.3 is that two CSIs associated with two best single-TRP hypotheses are reported in alt.3 whereas one CSI associated with the best single-TRP hypothesis is reported in alt.1. From our view, we do not see that two CSIs with single-TRP hypotheses are necessary for gNB scheduling. Hence to achieve a tradeoff between the CSI reporting overhead and the flexible scheduling at gNB, we make the following proposal:
Proposal 3: The UE can report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NC-JT measurement hypothesis, if configured.

Conclusions
This contribution provides our views on CSI enhancement based on angle and delay reciprocity and CSI enhancement for multi-TRP. In summary, the following proposals and observations are made.
Proposal 1: Taking Alt 5 as basic codebook structure for R17 port selection codebook structure. 
·  should be supported for , and further study other candidate values of  and N.
Proposal 2: For CSI reporting for NCJT in Rel-17, the number of CMRs associated to a CSI-ReportingConfig is restricted to 2.
Proposal 3: The UE can report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NC-JT measurement hypothesis, if configured.
Observation 1: Multiple-SD-FD/SD beamforming bases per port or a CSI-RS resource with a lower density as 0.25 can provide better mean UPT gain if taking into account CSI-RS overhead.
· Compared to CSI-RS with frequency density 1, about 5% mean UPT gain can be observed at low UCI payload and about 4% mean UPT gain can be observed at high UCI payload.
· Compared to CSI-RS with frequency density 0.5, about 2% mean UPT gain can be observed at low UCI payload and about 1.5% mean UPT gain can be observed at high UCI payload.
Observation 2: Compared to one SD-FD/SD beamforming basis per CSI-RS port, multiple SD-FD/SD beamforming bases per port can provide more configurable CSI-RS resources per slot due to more efficient usage of CSI-RS port.
Observation 3: With Alt 5 as basic codebook structure, gNB implementations over beamformed CSI-RS ports can be more flexible by using such a harmonized codebook structure.
Observation 4: A number of approaches can be used to convey and describe multiple SD-FD beamforming bases per CSI-RS port with limited specification impact.  
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Appendix
Table A-1 SLS assumptions for CSI enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ
Other configuration is not precluded.

	BS Tx power 
	44dBm

	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 

	Simulation bandwidth 
	20 MHz

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

	MIMO scheme
	MU-MIMO with rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity (full CSI feedback) :  5ms 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	SRS Error Model
	SRS error Modelling in Table A.1-2 in 36.897. =9dB and detailed derivation of  can be found in R1-144943

	Calibration error model at gNB
	
amplitude error (expressed in decibels) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation for simulation bandwidth , respectively

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

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

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI reporting overhead
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  


