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1. Introduction
At the 3GPP TSG RAN Meeting #86 new work item (WI) on further enhancements on MIMO (feMIMO) for NR was agreed with WI description in [1]. One of the objectives of the WI is related to CSI enhancements for multi-TRP (MTRP) non-coherent joint transmission (NCJT) and codebook enhancement for FDD reciprocity. The corresponding objective is captured below.
	· Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead


At the last RAN1 meeting [2] it was agreed to support enhancements for port selection codebook utilizing DL/UL reciprocity of angle and/or delay. Also, it was agreed that 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. In this contribution CSI enhancements to support MTRP and FDD reciprocity are discussed.
2. Discussion
2.1. CSI enhancements for MTRP
Enhancements to support MTRP and multi-panel transmission were introduced in Rel. 16 eMIMO WI including single-DCI based MTRP transmission with SDM (for eMBB), multi-DCI based MTRP transmission with SDM (for eMBB) and single-DCI-based MTRP transmission with FDM and TDM (for URLLC). CSI enhancements for MTRP transmission were not considered in Rel. 16. Lack of CSI aligned with the transmission scheme may lead to degradation of system performance due to not optimal scheduling decision (UE selection and selection of transmission scheme), wrong number of transmission layers and MCS mismatch. Thus, new CSI feedback features are required to improve system performance in order to support MTRP transmission including MTRP transmission schemes specified for eMBB and URLLC. 
2.1.1 MTRP transmission with SDM (eMBB)
For MTRP transmission with SDM the following agreement was made at the last RAN1 meeting. 
	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


In the above agreement it is stated that CSI-RS resources for channel measurements (CMR) corresponding to different TRP should have the same number of ports. Such limitation is mainly motivated by the fact that Rel. 15 NR specification does not support configuration with different number of CSI-RS port in different CSI-RS resources configured in one resource set. 
For heterogeneous network deployments macro cell nodes and small cell nodes can be used for NCJT. Since the number of antenna ports at the macro cell node can be substantially higher comparing to small cell node configuration of different number of CSI-RS ports in CSI-RS resources is required to support CSI for NCJT in heterogeneous networks. 
Observation 1:
· Different number of CSI-RS ports in CSI-RS resources is required to support CSI for NCJT in heterogeneous networks
Thus, in our view the limitation on the number of CSI-RS ports in CSI-RS resources corresponding to different TRP should be reconsidered to enable support of heterogeneous network deployments. Therefore, informational element (IE) related to codebook configuration (CodebookConfig) should be configured per CSI-RS resource instead of configuration per CSI-ReportSettings IE. In order to avoid mandatory support of this feature by all UEs supporting MTRP CSI, additional UE capability may be introduced. If there are concerns from UE vendors on the implementation complexity for such feature, additional constraint on the number of CSI-RS ports in one of the CSI-RS resources (e.g. up to 8 CSI-RS ports) can be considered since small cell nodes are not expected to be equipped with higher number of antenna ports.
Proposal 1: 
· Support configuration of a reporting setting CSI-ReportConfig for NCJT with different number of CSI-RS ports in CMRs corresponding to different TRPs
· Different number of CSI-RS ports in CMRs is optional feature with separate UE capability signaling 
· Additional constraint on the number of CSI-RS ports in one of the CSI-RS resources can be considered
The following agreement was made at the previous RAN1 meeting on CSI reporting for NCJT and single-TRP (STRP).
	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 order to find the best CSI reporting mechanism from the above list of alternatives SLS evaluations were carried out with different CSI report configuration. Details of scheduling algorithm are presented in our contribution submitted to the previous RAN1 meeting [3]. Evaluation results without coordination between TRPs are presented for reference. For STRP CSI it is assumed that one of the TRP is muted while other TRP is transmitting. For all the configurations it is assumed that CSI report for transmission without any coordination between TRP (with interference from all active TRPs) is reported by the UE. Results are presented in table 1 for low resource utilisation and table 2 for medium resource utilisation. The detailed simulation assumptions are presented in the appendix. The following CSI configurations were considered for evaluations.
· No MTRP: no coordination between TRPs
· NCJT CSI: reporting of CSI for NCJT measurement hypothesis only
· NCJT CSI or STRP CSI: reporting of CSI for NCJT measurement hypothesis or single-TRP measurement hypotheses (Alt 2)
· NCJT CSI and STRP CSI: reporting of CSI for NCJT measurement hypothesis and single-TRP measurement hypotheses (Alt 1)
Table 1. SLS results with different MTRP CSI configurations for low resource utilisation
	MTRP CSI configuration
	No MTRP
	NCJT CSI
	NCJT CSI or STRP CSI
	NCJT CSI and STRP CSI

	TP, Mb/s
	Average
	66.416 (0%)
	82.466 (24%)
	88.771 (34%)
	89.828 (35%)

	
	5% of CDF
	21.277 (0%)
	15.505 (-27%)
	20.1 (-6%)
	21.18 (0%)

	
	50% of CDF
	75.472 (0%)
	71.428 (-5%)
	83.334 (10%)
	83.334 (10%)

	
	95% of CDF
	93.024 (0%)
	159.999 (72%)
	159.999 (72%)
	159.999 (72%)

	Resource Utilisation
	22 %
	28 %
	23 %
	23 %


Table 2. SLS results with different MTRP CSI configurations for medium resource utilisation
	MTRP CSI configuration
	No MTRP
	NCJT CSI
	NCJT CSI or STRP CSI
	NCJT CSI and STRP CSI

	TP, Mb/s
	Average
	53.23 (0%)
	52.662 (-1%)
	63.681 (20%)
	64.767 (22%)

	
	5% of CDF
	12.307 (0%)
	6.535 (-47%)
	8.638 (-30%)
	9.24 (-25%)

	
	50% of CDF
	48.194 (0%)
	37.036 (-23%)
	51.949 (8%)
	52.632 (9%)

	
	95% of CDF
	93.023 (0%)
	153.847 (65%)
	153.848 (65%)
	153.844 (65%)

	Resource Utilisation
	37 %
	53 %
	41 %
	40 %


As it can be observed from the above evaluation results CSI for NCJT provides stable performance gain for 95% of CDF and performance loss for cell-edge UEs due to lack of interference coordination between TRPs. Reporting of CSI for STRP in addition to NCJT provides ~5% cell-edge performance gain comparing to the case where NCJT or STRP is reported. 
Observation 2:
· CSI for NCJT only provides stable performance gain for 95% of CDF and performance loss for cell-edge UEs due to lack of interference coordination between TRPs
· Reporting of CSI for STRP in addition to NCJT provides ~5% cell-edge performance gain comparing to the case where NCJT or STRP is reported
Considering the simulation results presented above we propose to support CSI configuration where CSI for NCJT and CSI for STRP are both reported. 
Proposal 2: 
· Support CSI configuration where CSI for NCJT and CSI for STRP are both reported
· 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 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
[bookmark: _Hlk61531802]Depending on channel conditions and UE implementation NCJT may provide better or worse performance comparing to STRP for a given UE. If STRP transmission outperforms NCJT there is no need to turn on additional TRP and create more interference for other UEs with NCJT. Thus, in some cases reporting of CSI for NCJT is not needed. Hence, we propose to support mechanism to drop CSI for NCJT. It can be implemented by using CSI part 1 and CSI part 2 design for CSI reporting on PUSCH. To support CSI dropping, NCJT CSI should be contained in CSI part 2 and information about omission of CSI for NCJT should be reported in CSI part 1. 
Proposal 3: 
· Support omission of CSI associated with NCJT measurement hypothesis
· CSI for NCJT is contained in CSI part 2, information about omission of CSI for NCJT is reported in CSI part 1
At the last RAN1 meeting the following working assumption was made on the support of CSI report optimised for multi-DCI based NCJT with non-ideal backhaul. 
	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


Explicit approach for configuration of CSI measurements for multi-DCI based NCJT assumes that CSI-ReportSetting 1 will be linked with CSI-ReportSetting 1 in RRC. For CSI-ReportSetting 1 in that case it is assumed that CMR from CSI-ReportSetting 2 is considered as IMR for CSI calculation. For implicit approach it is assumed that CSI-ReportSetting 1 is configured with NZP IMR corresponding to CMR for CSI-ReportSetting 2. In our view implicit approach to support CSI for multi-DCI based NCJT should be supported due to lower specification impact since configuration of CSI with NZP-based interference measurements is supported from Rel. 15. 
Proposal 4: 
· CSI measurement for multi-DCI based NCJT with non-ideal backhaul is supported by configuring two CSI reports with proper interference measurements (Implicit approach)
2.1.2 MTRP transmission with TDM/FDM (URLLC)
Multiple MTRP transmission schemes were specified in Rel. 16 eMIMO WI in order to improve reliability for URLLC transmission. MTRP transmission schemes specified for URLLC assume PDSCH repetition by multiple TRPs in orthogonal time-frequency resources (FDM or TDM). Combining of two PDSCH transmissions can be done at the UE side to improve PDSCH reception performance. 
Accurate MCS selection for URLLC is very important. Due to low latency requirements spectral efficiency of transmission should be aligned with the channel conditions. Otherwise, if transmission with lower spectral efficiency is used, it is harder to achieve required bit rate especially on system level. Furthermore, due to very low target BLER used in URLLC it is not possible to utilize outer loop link adaptation relying on HARQ feedback from the UE. Thus, in order to avoid MCS mismatch accurate CQI feedback which is aligned with the actual PDSCH transmission and reception is required. Therefore, specific design of CSI feedback for MTRP transmission with PDSCH repetition is essential to support MTRP transmission for URLLC systems. 
Observation 3: 
· Accurate MCS selection is very important for URLLC due to the following factors
· High spectral efficiency is required to satisfy low latency requirements
· Link adaptation based on HARQ feedback is not possible due to low BLER
In order to achieve accurate MCS and rank selection for URLLC MTRP transmission CQI should reflect the actual UE processing for PDSCH. Category 1 MTRP CSI with multiple CSI-RS resources corresponding to different TRP can be used to obtain CQI which reflects UE processing for a particular transmission scheme with PDSCH repetition from multiple TRP. In this case CQI can reflect such details of UE processing as combining of PDSCH transmission from different time-frequency resources. 
Another option for URLLC MTRP CSI is to have separate CSI reporting per two TRP. In this case additional processing should be done at the gNB side in order to select number of spatial layers and MCS for PDSCH transmission based on two CSI reports. If RI values of two CSI reports are different there is no reliable algorithm to combine two CQI reports for MCS selection for that case. Thus, gNB should rely on one CSI report with lower or higher RI value. In this case poor reliability or low spectral efficiency is expected. Therefore, in order to optimise reliability and spectral efficiency of the transmission enabling CQI combining at the gNB side two CSI reports should be configured to have the same RI value. 
Proposal 5: 
· Support enhanced CSI feedback for MTRP transmission with PDSCH repetition (for URLLC)
· Alt 1: One CSI report with CQI calculated for MTRP transmission with PDSCH repetition (Category 1 MTRP CSI)
· Alt. 2: Two CSI reports corresponding to two TRP with aligned RI value (Category 2 MTRP CSI)
2.2. CSI enhancements for FDD
At the previous RAN1 meeting the following agreement was made on structure of new codebook for FDD reciprocity. 
Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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Some of the alternatives for codebook structure from the above agreement assume multiplexing of multiple SD-FD precoders for one CSI-RS port. Such feature can potentially increase efficiency of CSI-RS transmission (decrease CSI-RS overhead). Similar effect can be achieved by introducing enhancements to CSI-RS design. For example, instead of codebook with FDM of SD-FD precoders for one CSI-RS port, larger number of CSI-RS ports with decreased density in frequency domain can be configured. It is obvious that introduction of codebook design with FDM of SD-FD precoders is more complicated from the specification perspective comparing to support of lower density CSI-RS. Hence, we propose to consider optimisation of CSI-RS design instead of codebook design with multiple SD-FD precoders multiplexed in one CSI-RS port.
Proposal 6:
· Consider optimization of CSI-RS design instead of codebook design with multiple SD-FD precoders multiplexed in one CSI-RS port
From the above alternatives for codebook structure we prefer Alt3-0 since it provides clear assumption for PMI calculation at the UE side with one SD-FD precoder per CSI-RS port. In order to understand if enhancements of CSI-RS design are needed evaluations with different CSI-RS density were carried out with Alt3-0 codebook structure and different CSI-RS density values. The evaluation results are presented in the below figures. Detailed evaluation assumptions are presented in the Appendix. 
The following CSI configurations were considered for evaluations.
· Rel. 16: Rel. 16 Enhanced Type II port selection codebook with L = 4
· Rel. 17: Rel. 17 PMI codebook based on Alt 3.0 with L = {4, 8, 12, 32}, number of FD DFT vectors at the UE side M = 1, number of CSI-RS ports is N = 2L, CSI-RS density is equal to D


Figure 1. Average UE throughput for different CSI-RS density

Figure 2. Cell-edge UE throughput for different CSI-RS density
From the above evaluation results it can be observed that Rel. 17 codebook with CSI-RS density D = 0.25 has around  5% performance gain in cell-edge UE throughput comparing to Rel. 17 codebook with CSI-RS density D = 0.5. Thus, reduction of CSI-RS density can be considered by RAN1.
Observation 4:
· Rel. 17 codebook with CSI-RS density D = 0.25 has around 5% performance gain in cell-edge UE throughput comparing to Rel. 17 codebook with CSI-RS density D = 0.5
Proposal 7: 
· Support of lower CSI-RS density can be considered in Rel. 17 by RAN1
One important parameter for Rel. 17 codebook with structure corresponding to Alt 3.0 is number of FD DFT vectors considered at the UE side M. Since FD precoding is applied for CSI-RS transmission at the gNB side, large number of FD DFT vectors at the UE side is not required. In our view basic configuration of Rel. 17 codebook should support M = 1, which provides lower UE complexity and lower overhead. However, such configuration requires large number of CSI-RS ports to achieve greater performance. Thus, configuration with M > 1 should be further studied by RAN1 considering tradeoff between performance and CSI reporting overhead as well as impact of CSI-RS overhead. 
Proposal 8: 
· Support Rel. 17 codebook structure according to Alt. 3-0 with M = 1
· FFS: M > 1
3. Conclusion
In this contribution CSI enhancements to support MTRP NC-JT and FDD reciprocity were discussed. The following proposals and observations were presented. 
Observation 1:
· Different number of CSI-RS ports in CSI-RS resources is required to support CSI for NCJT in heterogeneous networks
Proposal 1: 
· Support configuration of a reporting setting CSI-ReportConfig for NCJT with different number of CSI-RS ports in CMRs corresponding to different TRPs
· Different number of CSI-RS ports in CMRs is optional feature with separate UE capability signaling parameter
· Additional constraint on the number of CSI-RS ports in one of the CSI-RS resources can be considered
Observation 2:
· CSI for NCJT only provides stable performance gain for 95% of CDF and performance loss for cell-edge UEs due to lack of interference coordination between TRPs
· Reporting of CSI for STRP in addition to NCJT provides ~5% cell-edge performance gain comparing to the case where NCJT or STRP is reported
Proposal 2: 
· Support CSI configuration where CSI for NCJT and CSI for STRP are both reported
· 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 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
Proposal 3: 
· Support omission of CSI associated with NCJT measurement hypothesis
· CSI for NCJT is contained in CSI part 2, information about omission of CSI for NCJT is reported in CSI part 1
Proposal 4: 
· CSI measurement for multi-DCI based NCJT with non-ideal backhaul is supported by configuring two CSI reports with proper interference measurements (Implicit approach)
Observation 3: 
· Accurate MCS selection is very important for URLLC due to the following factors
· High spectral efficiency is required to satisfy low latency requirements
· Link adaptation based on HARQ feedback is not possible due to low BLER
Proposal 5: 
· Support enhanced CSI feedback for MTRP transmission with PDSCH repetition (for URLLC)
· Alt 1: One CSI report with CQI calculated for MTRP transmission with PDSCH repetition (Category 1 MTRP CSI)
· Alt. 2: Two CSI reports corresponding to two TRP with aligned RI value (Category 2 MTRP CSI)
Proposal 6:
· Consider optimization of CSI-RS design instead of codebook design with multiple SD-FD precoders multiplexed in one CSI-RS port
Observation 4:
· Rel. 17 codebook with CSI-RS density D = 0.25 has around 5% performance gain in cell-edge UE throughput comparing to Rel. 17 codebook with CSI-RS density D = 0.5
Proposal 7: 
· Support of lower CSI-RS density can be considered in Rel. 17 by RAN1
Proposal 8: 
· Support Rel. 17 codebook structure according to Alt. 3-0 with M = 1
· FFS: M > 1
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[bookmark: _GoBack]Table 1. Evaluation assumptions for MTRP CSI
	Parameter
	Value

	Scenario
	Indoor hotspot

	Layout
	Indoor hotspot grid with 4 sites

	ISD
	20 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	33 dBm

	UE distribution
	Uniform

	UE antenna configuration
	4 Rx X-pol slant 0/90 degrees, dH = 0.5 λ

	BS antenna configuration
	2 Tx X-pol slant -45/45 degrees

	Traffic model
	FTP 1 with 0.5 Mbytes packet size

	TRP association
	RSRP based
Handover margin = 0 dB

	Transmission mode
	SU-MIMO with rank adaptation, STRP and MTRP

	Scheduling
	Proportional Fair, wideband

	OLLA
	10% BLER target

	MU-MIMO precoding
	N/A

	Elevation beamforming
	N/A

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	No HARQ retransmission

	CSI
	5 ms periodicity, 4 ms delay, wideband CQI and PMI



Table 2. Evaluation assumptions for FDD CSI
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal grid with 2 tiers (19 sites)

	ISD
	200 m

	Carrier frequency
	2 GHz DL/UL for evaluations with full reciprocity
2 GHz DL, 1.8 GHz UL for evaluations with FDD reciprocity

	Simulation bandwidth
	20 MHz with 15 kHz subcarrier spacing, 104 PRB

	Tx power
	44 dBm

	UE distribution
	Uniform

	UE antenna configuration
	2 Rx X-pol slant 0/90 degrees

	BS antenna configuration
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8) λ

	Traffic model
	FTP 1 with 0.5 Mbytes packet size, high traffic load (~70% resource utilization)

	TRP association
	RSRP based,
Handover margin = 0 dB

	Transmission mode
	MU-MIMO with rank adaptation

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE, 8 BS layers max

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	4 HARQ transmissions max

	CSI
	10 ms periodicity, 4 ms delay, subband CQI with 8 PRB subband size.
Dynamic CSI-RS overhead is considered in the number of RE for PDSCH transmission.



Average UE throughput

Rel. 16	192	304	416	524	0	6.6464212505703113	9.9187968521564862	12.557659856461845	Rel. 17, D = 0.5	112	226	340	452	-5.8267354104662994	4.6338956749875981	10.820755011264893	14.235491660664668	Rel. 17, D = 0.25	112	226	340	452	-5.4797830339322839	6.0586729751207269	13.556045096020931	16.539087726699918	112	226	340	452	112	226	340	452	112	226	340	452	Overhead (bits)


Performance gain (%)




Cell-edge UE throughput

Rel. 16	192	304	416	524	0	5.7212954526205895	8.8152992141787845	10.584496217362505	Rel. 17, D = 0.5	112	226	340	452	-1.9112546518301743	10.593139995095724	16.348465930654577	18.648521242428128	Rel. 17, D = 0.25	112	226	340	452	-2.4053270811541849	11.804325284352778	21.578820623888785	24.485050455718095	112	226	340	452	112	226	340	452	112	226	340	452	Overhead (bits)


Performance gain (%)
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 ,    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  


image3.emf
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  


