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Introduction 
In RAN1#103-e, the following agreements [1] were made for enhancements on the Rel. 16 Type II PS codebook and CSI reporting for multi-TRP.
  
	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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	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

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS: how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN

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

Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings



	In this contribution, we provide our views on the performance of Rel. 17 PS codebook and enhancements on multi-TRP CSI reporting. 


Enhancements on Type II PS codebook 
In Rel. 15 and Rel. 16, Type II port selection (PS) codebooks are supported. These codebooks are designed by exploiting the reciprocity of the radio channel in the spatial domain. The dominant spatial beams calculated from the uplink channel are used by the gNB for beamforming CSI-RS ports in the downlink. In a first step, by a port selection matrix,  beamformed ports are selected from a number of beamformed ports, where each port is beamformed in a specific direction. In a second step, the beamformed ports are linearly combined. The idea of the Rel. 17 PS CB is to exploit the partial reciprocity of the channel in the spatial and delay-domains, and to beamform the CSI-RS ports with multiple spatial beams and delays. Note that the reciprocity in the delay domain may not always be satisfied as shown in our companion contribution [2].
For the Rel. 17 PS codebook each port is beamformed with an SD-FD pair i.e., with a spatial beam  (SD) and a frequency domain (FD) component   i.e., a delay. For the calculation of the precoder, a single wideband SVD operation is sufficient compared to the Rel.-16 precoder calculation where an SVD operation is performed per subband, thus reducing the computational complexity of the precoder. The UE then selects a number of coefficients, , associated with a subset of SD-FD pairs and reports the same to the gNB. Also, the constraint on the neighboring port selection as in Rel. 15 and Rel. 16 Type II PS codebooks shall be relaxed, as such a constraint may restrict the port selection of the UE. Throughout this contribution, port and SD-FD pair are used interchangeably. 

Proposal: The constraint on the neighboring port selection as in the Rel.-15/16 codebooks shall be relaxed for the Rel. 17 PS codebook.

In the agreed alternatives, the precoder for the Rel. 17 feMIMO is realized either by a two-stage structure  or a three-stage structure . The ALTs 1 and 2 are based on the two-stage precoder structure, whereas ALTs 3, 4 and 5 are based on the three-stage precoder structure. The rationale behind ALT 3 and ALT 5 is that, since the delays of the uplink and downlink channels are not perfectly reciprocal, the beamformed delays can be adjusted by using an additional matrix  containing few entries of a DFT-matrix. The number of DFT vectors  are either configured by the network or fixed, or selected and reported by the UE. Note that when M is given by a value of 1, the two-stage precoder structure is identical to the three-stage precoder structure. 

On the other hand, according to ALT 4,  ports are grouped into a number of port groups , each containing  ports. Each port within a port group is associated with the same SD component, but a different FD component, and  is a selection matrix that contains a single ‘1’ in each column and is used to select the SD-FD pairs (ports) from the selected port groups.  

For the alternatives other than ALT 2 and ALT 5, the total number of SD-FD pairs is given by the number of CSI-RS ports , and the purpose of  is to select a number of SD-FD pairs or CSI-RS ports, i.e.,   is used to select  SD-FD pairs out of  ports or pairs. For ALT 2 and ALT 5, the total number of SD-FD pairs  is given by , where . When ,  each CSI-RS port is associated with a number of SD-FD pairs greater than 1, and the matrix  is used to select  SD-FD pairs out of  pairs. For ALT 4,   is used to select a number of port groups  out of  port groups. For all alternatives,  is a coefficient matrix. For Alt 3, Alt 4, and Alt 5,  is either given by the entries of a DFT matrix or a pair selection matrix. On the other hand, ALT 0 is a special case of ALT 2 and ALT 3-0, wherein the port selection matrix  is an identity matrix. This means all CSI-RS ports are selected. 


Figure 1: Performance of Rel. 16 eType II PS, Rel. 16 eType II Reg. CB for PC3 - PC6 and PC9 - PC14 and Rel. 17 PS CB using Alt 0 and Alt 3-0 for different combinations . 
The performance of the Rel. 17 PS CB is evaluated for ALT 1 and ALT 3-0. For both alternatives, free selection of the CSI-RS ports is considered. The performance is evaluated for a single-layer transmission. In addition to the performance of the Rel. 16 eType II PS codebook, the performance of Rel. 16 eType II Reg. codebook is also shown. The simulation parameters are provided in the Table in the appendix. For Rel. 17 PS CB, the amplitude and phase of the precoder coefficients are quantized with 3 and 4 bits, respectively. 

[bookmark: OLE_LINK1]Figure 1 shows the performance gain and feedback overhead of the Rel. 16 eType II PS codebook and Rel. 16 eType II Reg. codebooks for parameter combinations {PC3, PC4, PC5, PC6} [3]. For the sake of convenience,  for PC3, PC4 and PC5 are (4,4,8), (4,4,16), (4,4,24), respectively. For PC6, is (4,7,28). The Rel. 17 codebook alternatives are evaluated for 16 and 32 CSI-RS ports, and a single SD-FD pair is mapped to a CSI-RS port. The performance gain is calculated by setting the performance achieved using the Rel. 16 PS codebook - PC3 as a reference. Moreover, the performance gain and overhead of the Rel. 17 PS codebook for ALT 1 and ALT 3-0 are also shown for different combinations of . For ALT 1, the performance is shown for the five combinations: , ,    and . For ALT 3-0, the performance and overhead are shown for the six combinations: , ,  ,  and . 

From Figure 1, for , some performance gain is observed using the Rel. 17 PS CB ALT 1 over the Rel. 16 eType II Reg. codebook, whereas for  some performance degradation is observed. On the other hand, regardless of the number of ports, the Rel. 17 PS CB ALT 3-0 achieves a significant performance gain compared to Rel. 16 eType II Reg. codebook for all parameter combinations. Moreover, as delay beamforming is already performed at the gNB side, the Rel. 17 PS CB using ALT 3-0 requires a smaller number of delays compared to the Rel. 16 eType II codebook. However, using such a smaller number of delays does not contribute significantly in feedback reduction as a greater number of ports needs to be selected for the Rel. 17 PS CB (the number of selected ports being approximately equal to the Rel. 16 eType II CB non-zero coefficients). 

Observation: The Rel. 17 PS CB ALT 3-0 using  delays outperforms the Rel. 16 eType II PS codebook and Rel. 17 PS CB ALT 1. 

Proposal: Support ALT 3-0 for the Rel. 17 PS codebook. 

Note that the NR framework supports a maximum number of 32 ports. Therefore, when considering more than 32 SD-FD pairs, instead of beamforming each port with a single SD-FD pair, a port is beamformed with multiple SD-FD pairs. In other words, instead of beamforming all resources of a port with a single SD-FD pair, different resources of a port are beamformed with different SD-FD pairs. In this way, the number of ports is virtually increased. However, beamforming a port with multiple SD-FD pairs may result in an SNR loss as the number of resources available for channel estimation reduces and the gain achievable using increased SD-FD pairs may not be substantial. Also from Figure 1, it is observed that the Rel. 17 PS CB using ALT 3-0 outperforms both the Rel. 16 eType II PS and Rel. 16 eType II Reg. codebooks for different number of CSI-RS ports. Therefore, an increase in the number of CSI-RS ports or an association of multiple SD-FD pairs to a single beamformed port is not needed.

Observation: The Rel. 17 PS CB using ALT 3-0 outperforms the Rel. 16 eType II PS codebook for  ports with single SD-FD pair mapping to a CSI-RS port. 

Proposal: The number of SD-FD basis pairs used for CSI-RS precoding should not be larger than 32.

Figure 1 also shows the performance of the Rel. 16 eType II Reg. codebook for different parameter combinations PC9 – PC14 using . For the sake of convenience,  for PC9 – PC14 is (8,1,12), (8,2,12), (8,2,16), (8,4,16), (8,2,24), (8,2,32).  It can be observed that the performance of the Rel. 17 PS CB using ALT 0 and ALT 3-0 does not perform better than the Rel. 16 eType II Reg. codebook for different combinations of  for . Therefore, it can be inferred that delay beamforming does not result in a significant gain and conventional spatial beamforming with more spatial beams  is sufficient to achieve a significant performance gain over the Rel. 17 PS CB.

Observation: The Rel 16 eType II Reg. codebook for  outperforms the Rel. 17 PS CB. 

Observation: Delay beamforming at the gNB side is not needed compared to spatial only beamforming when . 



Figure 2: Performance of the Rel. 17 PS CB for different combinations of  with fixed delays and delays determined and reported by the UE compared to the performance of the Rel. 16 eTypeII PS, Rel. 16 eType II Reg. codebooks for parameter combinations PC3 – PC6 and the Rel. 16 eType II Reg. codebook for parameter combinations PC9 – PC14. 

Figure 2 shows the performance of the Rel. 17 PS CB using ALT 3-0 with fixed delays for different parameter combinations. The delays are associated with the first M/2 DFT and the last M/2 DFT vectors.  It can be seen that fixing the delays results in a minor performance degradation of the Rel. 17 PS CB compared to selecting and reporting the delays as the Rel. 17 PS CB with fixed delays still outperforms the Rel. 16 eType II Reg. codebook for parameter combinations PC3 - PC6. 

Observation: The Rel. 17 PS CB with fixed delays outperforms the Rel. 16 eType II Reg. codebook for parameter combinations PC3 - PC6. 

Proposal: Support fixing/pre-configuring the delays. 

Regarding higher rank transmissions (rank >1), as the number of ports cannot be further increased due to the limitations on the maximum number of ports, the selection of identical ports for a subset of transmission layers shall be studied. 

Proposal: Study identical port selection for a subset of transmission layers.

CSI enhancements for Multi-TRP
In RAN1#103e, it was agreed that the UE can be configured with multiple NZP CSI-RS resources configured to channel measurement, where each CSI-RS resource is associated with a TRP (i.e., a TCI state). The multiple CMRs are within the same resource set and have the same number of ports. Moreover, for single-DCI triggered NC-JT, the CSI report contains at least one CQI and one or more PMIs/RIs for the different TRPs. The measurement resources configured to a UE include NZP CSI-RS for channel and interference measurements and CSI-IM. To reduce the signaling overhead for the RS configuration, the NZP CSI-RS resources for channel measurement shall be reused as resources for interference measurement. In one option, the UE decides which resource is for channel or interference measurement and selects a subset of the CMRs which are associated with a NC-JT or non-NC-JT measurement hypothesis for CSI reporting. Another option is that the UE is pre-configured with CMR/IMR sets, and it selects a CMR/IMR set to report a non-NC-JT or NC-JT CSI. 

Proposal: The UE is pre-configured with CMR/IMR sets, and it selects one or more CMR/IMR sets to report a non-NC-JT or NC-JT CSI, or the UE decides which resource is for channel or interference measurement and selects and reports a subset of the CMRs which are associated with a NC-JT or non-NC-JT CSI.

It was discussed in RAN1#103e that a CSI report setting may include one CSI or multiple CSIs related to non-NC-JT and/or NC-JT CSI measurement hypotheses. In our view, although multiple CSIs in a CSI report increase the flexibility of the scheduler, they also drastically increase the feedback overhead compared to R16 CSI reporting. We therefore propose that the UE selects and reports a single CSI associated with a NC-JT or non-NC-JT measurement hypothesis.

Proposal: For a single CSI report setting, support ALT2 such that a CSI report comprises one CSI associated with the best NC-JT or non-NC-JT measurement hypothesis.
Conclusions
Based on the above discussions, we have the following observations and proposals. 
Proposal: The constraint on the neighboring port selection as in the Rel.-15/16 codebooks shall be relaxed for the Rel. 17 PS codebook.

Observation: The Rel. 17 PS CB ALT 3-0 using  delays outperforms the Rel. 16 eType II PS codebook and Rel. 17 PS CB AlT 1. 

Proposal: Support ALT 3-0 for the Rel. 17 PS codebook. 

Observation: The Rel. 17 PS CB using ALT 3-0 outperforms the Rel. 16 eType II PS codebook for  ports with single SD-FD pair mapping to a CSI-RS port. 

Proposal: The number of SD-FD basis pairs used for CSI-RS precoding should not be larger than 32.

Observation: The Rel 16 eType II Reg. codebook for  outperforms the Rel. 17 PS CB. 

Observation: Delay beamforming at the gNB side is not needed compared to spatial only beamforming when . 

Observation: The Rel. 17 PS CB with fixed delays outperforms the Rel. 16 eType II Reg. codebook for parameter combinations PC3 - PC6. 

Proposal: Support fixing/pre-configuring the delays. 

Proposal: Study identical port selection for a subset of transmission layers.

Proposal: The UE is pre-configured with CMR/IMR sets, and it selects one or more CMR/IMR sets to report a non-NC-JT or NC-JT CSI, or the UE decides which resource is for channel or interference measurement and selects and reports a subset of the CMRs which are associated with a NC-JT or non-NC-JT CSI.

Proposal: For a single CSI report setting, support ALT2 such that a CSI report comprises one CSI associated with the best NC-JT or non-NC-JT measurement hypothesis.
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Table 1: Simulation parameters
	Parameter
	Value

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

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL

	Inter-BS distance
	200m 

	Channel model
	The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 


	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 for (rank 1,2) 


	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 for 15kHz as a baseline 

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

	MIMO scheme
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	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

	Overhead 
	Companies shall provide the downlink overhead assumption

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

	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation


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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook is the baseline for performance and overhead evaluation. 


	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897. 

	FDD DL/UL calibration error model at gNB
	[image: ]
· 
 is the spatial UL channel at gNB side with calibration error
· 
 is the ideal spatial UL channel without calibration error
· E represents the mismatch of transmission and reception circuits of gNB
· ai is the amplitude error 
· i is the phase error
· N is the number of antennas at gNB side 

With amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant either across whole simulation bandwidth or per 4 PRB at frequency. Companies shall report the assumption of error modelling at frequency.  












R.16 eType II PS CB -  {PC3, PC4, PC5, PC6}	99	156	225	279	100	101.4	101.82	102.23	R.16 eType II Reg. CB - {PC3, PC4, PC5, PC6}	107	164	221	275	104.34	105.85	106.32	106.61	R.16 eType II Reg. CB -  {PC9, PC10, PC11, PC12, PC13, PC14}	119	139	167	203	224	280	105.53	106.28	107.0324	107.2042	107.60899999999999	107.73699999999999	R.17 PS CB Alt. 3-0 - {16,2,8}, {16,4,8}, {16, 2, 16}, {32, 2,16}, {32,4,16}, {32,4,24}	90	108	148	178	214	294	105	105.6	106.4	106.55	106.79	107.7	R.17 PS CB Alt. 3-0 - {16,2,8}, {16,4,8}, {16, 2, 16}, {32, 2,16}, {32,4,16}, {32,4,24} - Fixed M delays	86	100	144	174	206	286	104.6	104.75	105.83	105.91	106.4	106.97177689207092	Feedback Overhead 


Performance gain [%]




R.16 eType II PS CB -  {PC3, PC4, PC5, PC6}	99	156	225	279	100	101.4	101.82	102.23	R.16 eType II Reg. CB - {PC3, PC4, PC5, PC6}	107	164	221	275	104.34	105.85	106.32	106.61	R.17 PS CB Alt. 1 - {16,1,8}, {16,1,16}, {32,1,16}, {32,1,24}, {32,1,32}	70	112	142	192	224	104.42	105.2	105.38	105.54	105.73	R.17 PS CB Alt. 3-0 - {16,2,8}, {16,4,8}, {16, 2, 16}, {32, 2,16}, {32,4,16}, {32,4,24}	90	108	148	178	214	294	105	105.6	106.4	106.55	106.79	107.7	R.16 eType II Reg. CB -  {PC9, PC10, PC11, PC12, PC13, PC14}	119	139	167	203	224	280	105.53	106.28	107.0324	107.2042	107.60899999999999	107.73699999999999	Feedback Overhead 


Performance gain [%]
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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  
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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  


