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1 [bookmark: _xl2dgc5pmumw]Introduction
In RAN#102, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

1. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
0. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
0. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
0. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design


In RAN1#116, the following agreements were made on CSI enhancements for up to 128 CSI-RS ports and UE reporting enhancement for CJT


Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed
· 


Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
· For per-TRP frequency offset (FO) reporting:
· Use case 2.1: TRP selection
· Use case 2.2: per-TRP FO compensation at NW side 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)


Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed:
·  For per-TRP DL/UL Rx-Tx phase misalignment reporting: 
· Use case 3.1: TRP selection
· Use case 3.2: per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity (e.g. using both CSI-RS and SRS for measurement)

Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and

· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
·  
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4


· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead


Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary


· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I

Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support also RI=5-8, with lower priority than RI=1-4:
· FFS: Reduced complexity design, whether to reuse legacy RI=5-8 structure, based on the outcome of RI=1-4

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, at least support the legacy time-domain behaviours for CSI reporting (and the applicable CSI-RS time-domain behaviors). That is,
· For Rel-19 Type-I:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· For Rel-19 Type-II:
· Semi-persistent CSI on PUSCH (channel(s) and multiplexing rules follows legacy)
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”


FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the supported combinations of KS value and the maximum number of ports per NZP CSI-RS resource are as follows:
· FFS: UE capability on KS and the number of ports per resource
KS
Maximum # ports per resource
2, 3, 4
32
5, 6, 7, 8 
16

Conclusion
The Rel-17 NCJT CSI is not extended to accommodate the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports

Agreement
For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:
Total # CSI-RS ports across aggregated resources (=P)
(N1, N2)
48
(8,3)

(6,4)
64
(16,2)

(8,4)
128
(16,4)

(8,8)
The support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
· For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
· For the Rel-19 Type-II codebook refinement based on Rel-18 Type-II Doppler regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities


Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed for study:
· Use case 3.3: For TDD reciprocity, timing offset report for at least one pair of TRPs to assist TRP synchronization (i.e. to align TRP inherent timing without propagation delay)
Whether there is any spec support associated with this use case is FFS

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {Fn,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where Fn,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 


In this contribution, we propose our views on the issues related to CSI enhancements for up to 128 CSI-RS ports and UE reporting enhancements for CJT.· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of Fnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value Fn,m indicates a uniformly quantized phase between –AF and AF , or 0 and AF.
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AF and resolution) for Fn,m 
· FFS: Detailed UCI design

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook

Agreement
For the Rel-19 Type-II refinement based on Rel-17 FeType-II PS, support the following PCSI-RS value(s) {48, 64}
· For the Rel-19 Type-II codebook refinement based on Rel-17 FeType-II PS, PCSI-RS =64 is supported as a part of the respective basic feature, while PCSI-RS =48 is supported as a separate UE capability



2    Introduction

Massive MIMO is one of the key technologies that enables high downlink spectral efficiency in 5G NR. There has been continuous progress in NR for supporting various features of MIMO technology since Rel-15 to Rel-18. Due to the shift in market from 32T32R to 64T64R, the need to increase the number of supported CSI-RS ports to more than 32 arose to fully realize the potential higher available of RF chains. In RAN #102 meeting, it has been approved to work on enhancements to the existing specifications to effectively support CSI-RS for greater than 32 ports.


3    CSI enhancements for up to 128 CSI-RS Ports

Current NR specification supports various types of codebooks such as Type-I SP, Type-I MP, Type-II, Type-II PS, eType-II, eType-II PS, FeType-II PS, eType-II for CJT, FeType-II PS for CJT, eType-II for predicted PMI and FeType-II for predicted PMI. These codebooks are designed assuming up to 32 CSI-RS ports except for CJT codebook. The CJT codebook is designed to support coherent transmission from multiple TRPs where each TRP contains up to 32 CSI-RS ports. Hence, in CJT, the precoder design supports for up to 128 ports assuming 4 TRPs. In order to realize the benefits of increased number of TRx chains at the BS, an optimal precoder should be designed. In RAN#102, it has been agreed refine Type-I and Type-II codebooks for supporting up to 128 CSI-RS ports, assuming legacy CSI-RS resources. 


3.1    Type-I/II Extension

In RAN1 #116 meeting, multiple schemes have been proposed for Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI = 1-4. In the current specification, R15 Type-1 SP codebook is a basic scheme which doesn’t demand high overhead or high computation complexity. R15 supports Type-1 codebook with 2 modes. In Type-1 SP Codebook mode-1 (L=1), one beam is selected over the entire wideband and the co-phasing coefficients across polarizations can either be wideband or subband. Whereas in Type-1 Codebook mode-2 (L=4), a beam group is selected over the wideband and one beam from the beam group is selected per subband. 

As per our understanding, Type-1 SP Codebook mode-1 is a basic scheme which facilitates UE with lower feedback overhead and faster precoder computation. Hence Type-1 SP Codebook mode-1 should be extended for CSI-RS ports up to 128 as a basic scheme. 

Proposal 1: Scheme 1 should be supported for CSI-RS ports up to 128 as a basic scheme

Type-1 SP Codebook mode-2 is beneficial for CSI-RS ports up to 32 because the beams are relatively wider and hence the best beam could be different per sub-band. If the number of ports are increased up to 128, the effective beams will be narrower compared with the 32 CSI-RS ports. Narrower beams results in comparatively flatter channel i.e., the probability of selecting different beams across subbands reduces. Hence, Type-1 SP codebook mode-2 does not seem to be beneficial for CSI-RS up to 128 ports. 

Proposal 2: Only mode-1 should be supported for Scheme 1

The current Type-1 codebook uses QPSK for co-phasing across polarizations. This can be reused for Scheme-1 for CSI-RS up to 128 ports. Increasing the number of co-phasing terms across polarizations will cause unnecessary increment in the computation complexity. 

Proposal 3: QPSK should be used for co-phasing across polarizations at least for Scheme-1

The R15 Type-I precoder structure for 2-layers as defined in 38.214 is shown below

[image: ]
 As per the above structure,  corresponds to the beam index for layer-1 and is indicated by  and  and  corresponds to the beam index for layer-2 and is indicated by .  indicates  and  and  are derived from  and  as . The mapping of  to  and  as specified in 38.214 is shown below
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In R15, only limited values of  and  are supported i.e., the beam for layer-2 can be selected only from 4 possible candidate beams. If the number of CSI-RS ports are 32, the angular different between two adjacent beams is  and  in  dimension and  dimension respectively assuming . Based on this assumption, the maximum angular difference between layer-1 and layer-2 in R15 Type-1 codebook is  and  in  dimension and  dimension respectively. If the number of CSI-RS ports are increased to 128, the angular difference between two adjacent beams becomes smaller i.e.,  and  in  dimension and  dimension respectively assuming . Hence, the maximum angular difference between layer-1 and layer-2 is  and  in  dimension and  dimension respectively. It can be noticed that in the given example, the maximum angular difference between layer-1 and layer-2 in  dimension is too small to capture the angular spread of the channel as the angular spread of the channel is independent of the panel configuration as per 38.901. Hence, new values of  and  should be introduced in scheme-1. Hence we propose the following extension of Table 5.2.2.2.1-3 as below

Table: Mapping of  to  and  for 2-layer CSI reporting
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Proposal 4: Additional values of  and  should be introduced for extension of Type-1 SP codebook to up to 128 CSI-RS ports to retain Type-1 CB performance


The R15 Type-1 precoder structure for ranks 3 and 4 as per 38.214 is shown in Table 5.2.2.2.1-7 and Table 5.2.2.2.1-8 respectively as shown below.

Table 5.2.2.2.1-7: Codebook for 3-layer CSI reporting using antenna ports 3000 to 2999+
[image: A table with numbers and symbols
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Table 5.2.2.2.1-8: Codebook for 4-layer CSI reporting using antenna ports 3000 to 2999+
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As per the above tables, the R15 Type-1 SP codebook follows sub-panel level precoder structure. Following this precoder structure for the increased number of ports may not be beneficial. Hence, it is better to adapt the precoder structure of ranks 1-2 to ranks 3-4 as well.

Proposal 5: At least for scheme 1 based R15 Type-1 SP extension, the precoder structure of ranks 1-2 should be adapted for ranks 3-4 as well

As described in the previous paragraphs, the R15 Type-1 precoder limits the candidate beams for layers other than the first layer. This limitation degrades the performance of the precoder significantly as it does not exploit the complete angular spread of the channel. To overcome this, free selection of beams across different layers should be supported in Type-1 extension of the codebook. This is captured as Scheme 2 in the previous RAN1 meeting where for each layer, legacy R16 eType-II SD basis is reused with L = 1 and the SD basis vector is independently selected for different layers. Though this scheme requires additional computational complexity, it should be supported to exploit the benefits of the increased number of CSI-RS ports.

Proposal 6: Support Scheme 2 as an additional Type-1 extension scheme

Similar to R15 Type-1 codebook where the beams across layers are selected such that the beams are orthogonal with each other, the beams selected using scheme 2 should also maintain orthogonality. Maintaining orthogonality across beams will significantly reduce the inter layer interference thus boosting the performance. Also selecting orthogonal beams across the layers will reduce the feedback overhead when compared with selecting orthogonal/non-orthogonal beams across layers. Hence, the beams selected across layers for Scheme 2 based Type-1 extension should be contained within the same beam set.

Proposal 7: For Scheme 2 based Type-1 extension, the selected beams across layers should be within the same beam set

In R16 eType-II codebook,  indicates the selected beam set  and  indicates the L beams within the beam set. Similar procedure can be reused at least for beam set indication in Scheme 2 based Type-1 extension i.e.,  can be used to indicate the selected beam set.

Proposal 8:  in R16 eType-II codebook can be reused to indicate the beam set for Scheme 2 based Type-1 extension

In R16 eType-II codebook,  indicates the selected L beams within the beam set. This cannot be reused to indicate L beams per layer in scheme 2 based Type-1 extension because in R16 eType-II codebook, the selected beams are not ordered and also  does not facilitate selection of same beam across layers. Hence,  of R16 eType-II codebook cannot be reused in Scheme 2 based Type-1 extension. In the case of Scheme 2 based Type-1 extension, the UE has to indicate beam to layer mapping among the selected beams. Hence, the beam index for each layer should be signaled independently for scheme 2 based Type-1 extension.

Proposal 9: Beam index for each layer should be signaled independently for scheme 2 based Type-1 extension at least for ranks 1-4

If the number of CSI-RS ports is 128, 7 bits are required to indicate the beam index for each layer. Hence, with the increase in number of layers, the number of bits required to signal the precoder increases linearly. For example, to signal an 8-rank precoder, 56 bits are required to signal the beam indices. This increase in overhead results in reduction overall throughput of the system. Using common beams across at least a sub-set of layers will reduce the overhead. One example solution is to limit the maximum number of beams and defining/signaling the mapping between the indicated beams and layer index. For example, if the maximum number of beams that can be signaled is limited to 4, a one to one mapping can be defined between the first 4 layers and the signaled beams and beams within the indicated beams can be selected for layers 5-8. 

Proposal 10: For Scheme 2 based Type-1 extension, common beams should be used for a subset of layers for ranks 5-8

In R15 Type-1 codebook, the bitmap parameter n1-n2 forms a bit sequence  for codebook subset restriction where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the bit. The number of bits is given by . The bit  is associated with all precoders based on quantity . When the maximum number of CSI-RS ports are limited to 32, the number of bits required for CBSR is 128. This will increase by 4 times when the number of ports are increased from 32 to 128, assuming same oversampling factors as 32 ports. This is a huge overhead and should be reduced. One way is by mapping  with a beam group instead of a beam. For example, the bit  is associated with all the precoders based on quantities  where . 

Proposal 11: Beam grouping should be considered to refine CBSR to reduce RRC overhead


3.2    Resource

In the previous RAN1 meeting, it has been agreed that at least K = 2, 3 or 4 legacy NZP CSI-RS resources with equal number of ports are aggregated to attain > 32 Ports. Also the total number of CSI-RS ports across aggregated resources are agreed as following

	Total # of CSI-RS Ports across aggregated resources (=P)
	

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)




Regarding the configuration of the CSI-RS resources used for aggregation, we don’t see any need to have the CSI-RS resources in different resource sets. We feel that the K CSI-RS resources are associated with a same CSI-RS resource set.

Proposal 12: All the K CSI-RS resources for aggregation should be associated with a same CSI-RS resource set

In the previous RAN1 meeting, it was agreed that multiple CSI-RS resources are aggregated to attain >32 Ports. The main challenge in aggregating the resources is to rearrange the ports within each CSI-RS resource to compute a meaningful precoder. 
The R15 Type-1 SP precoder is constructed using , where  is represented as follows

[image: A number of mathematical equations

Description automatically generated]
This structure of  mainly suggests that the elements in  are ordered in  first manner. If the antenna panel consists of  rows of ports and  columns of ports, then the first  elements of  maps to the first row of ports, second  elements of  corresponds to second row of ports and so on. This is explained using the figure below
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Fig 1. Mapping of Precoder elements to CSI-RS Ports as per current specification

If each of the K CSI-RS resource is mapped to a sub-panel as shown in the figure below, 

[image: A diagram of a number of squares
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Fig 2. Sub-panel based CSI-RS transmission for (N1,N2) = (16,4)

And if the CSI-RS ports within a CSI-RS resource are indexed as shown in the below figure, 

[image: A diagram of a graph

Description automatically generated]
Fig 3. CSI-RS port indices within a CSI-RS resource

Then the mapping should follow the following pattern: (1st resource, 1st polarization), (2nd resource, 1st polarization), …, (Kth resource, 1st polarization), (1st resource, 2nd polarization), (2nd resource, 2nd polarization), …, (Kth resource, 2nd polarization). 

Proposal 13: Support the following mapping scheme: (1st resource, 1st polarization), (2nd resource, 1st polarization), …, (Kth resource, 1st polarization), (1st resource, 2nd polarization), (2nd resource, 2nd polarization), …, (Kth resource, 2nd polarization)

This mapping scheme is not a valid mapping scheme for different  values. For example, consider the antenna panel with  = (8,8) as shown in figure below
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Fig 4. Sub-panel based CSI-RS transmission for (N1,N2) = (8,8)
If the CSI-RS ports within a CSI-RS resource are indexed as shown in Fig 3, then the valid mapping scheme would be as following: 
for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization), (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th resource, 1st polarization), 
and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization), (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization) where N1=2*n1, N2 = 2*n2 for K=4

Proposal 14: The mapping scheme mentioned above should be supported

With the sub-panel based CSI-RS transmission scheme, only a subset of available TxRUs are being used for transmission. Even though CSI-RS configuration is UE specific, same CSI-RS resource is used to serve all UEs in order reduce RS overhead. When a sub-panel based CSI-RS transmission scheme is adapted, and if the same CSI-RS resource is used to get the channel state information of all the UEs including pre R19 UEs and R19 UEs, a pre R19 UE will be served with only a subset of the available TxRUs. Since not all the TxRUs will be used to serve any legacy UE, the system is not being used effectively because using all TxRUs to serve legacy UEs will boost the performance of those UEs.

In order to serve R19 UEs by co-existing with the legacy UEs, beamformed based CSI-RS transmission should be adopted. In this method, multiple ports are grouped together and precoded to form a single effective CSI-RS port. Different precoders should be used across different CSI-RS resources. The precoders that are used should be specified such that the R19 UE will be able to get back the actual channel per each TxRU by combining the channels from all K CSI-RS resources. Based on this the R19 UE can compute a >32 port precoder and report to the BS. Since any given CSI-RS resource among the K CSI-RS resources uses all the available TxRUs, there wont be any performance loss for the legacy UEs.

Proposal 15: Multiple TxRUs should be grouped and precoded to form an effective CSI-RS port in any of the K CSI-RS resources
Proposal 16: Same TxRUs are used for the same port index across different CSI-RS resources
Proposal 17: The precoder used per CSI-RS resource should be specified

4      CRI based CSI reporting for HBF


Increasing the number of antennas requires enhancements to existing specification to support hybrid beamforming besides increasing the number of CSI-RS ports. Supporting HBF for the larger antenna panels achieves reasonable tradeoff between the implementation cost and performance. In the R15 specification, HBF is supported with smaller number of antenna ports. According to the current specification, multiple CSI-RS resources will be transmitted to the UE with equal number of ports by using different analog beams and the UE measures the best beam and reports the CSI for the RS corresponding to that beam. As per the current specification, if  resources are configured, each resource contains 16 CSI-RS ports whereas if  CSI-RS resources are configured, then each resource contains at most 8 CSI-RS ports.

As per the scope of the WID, hybrid beamforming needs to be enhanced to multi-beam reporting with PMI/CQI/RI per beam in order to extend hybrid beamforming to larger antenna arrays and increased MU-MIMO scheduling opportunities. In the previous meeting it was agreed that the UE can be configured to measure  NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource. It was also agreed that the UE can be configured to report the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0,..,M-1} in one CSI reporting instance where the value range of M is {1,..,min(X,Ks)}. 

CSI report based on multiple CRIs is currently supported in beam management procedures. In the existing beam management procedures, BS transmits multiple CSI-RS within a same resource set where each CSI-RS is transmitted using a unique beam. The UE measures the CSI-RS and computes RSRP corresponding to each CRI. After the measurement, the UE determines the best N beams based on the measured RSRP and signals the corresponding CRIs and RSRPs to the BS. The number of best beams to be reported is configured to the UE via the higher layer parameter nrofReportedRS. A similar kind of procedure can be adopted for CRI based CSI reporting for hybrid beamforming. The BS can configure the number of quadruplets that needs to be reported by the UE via RRC signaling. The UE can report to the BS best M quadruplets to the BS.

Proposal 18: M is NW configured

As per our understanding, at least R15 Type-I SP codebook and R16 eType-II codebook should be supported. As the motivation of multi-beam reporting is mainly to increase the MU-MIMO scheduling opportunities, at least for Type-1 codebook supports, M = 4 should be considered as the starting point to provide BS ample information for taking the decision on MU-MIMO scheduling at least for Type-1 codebook. 

Proposal 19: R15 Type-1 SP codebook should be supported for CRI based CSI reporting. M up to 4 is supported at least for R15 Type-1 SP codebook.

As per our understanding, Type-II based precoder is better suitable for MU-MIMO scheduling as the Type-II based precoder contains more channel information compared to Type-I based precoder. Since the multi-beam reporting is targeted for MU-MIMO scheduling, R16 eType-II codebook should be supported. But reporting multiple eType-II precoders requires very high feedback overhead. Hence reporting of up to 2 quadruplets should be supported for R16 eType-II codebook.

Proposal 20: Type- codebook should be supported for CRI based CSI reporting. M up to 4 is supported for Type-1

Since reporting multiple quadruplets requires very high feedback overhead, methods to compress the redundant information should be studied at least for R16 eType-II codebook. For example, we have observed high correlation in the SD basis across different analog beams and this information can be compressed and signaled to the BS. For example, the L beams reported for each analog beam can be divided into Lcommon beams and LSeparate beams where L = Lcommon + LSeparate. The Lcommon beams are the commonly selected across different analog beams and LSeparate beams are separately selected for each analog beam.

Proposal 21: Methods for compressing the report should be studied, at least for Type-2


5      CJT Calibration Reporting

The CJT based transmission supported in Rel-18 NR specification assumes ideal backhaul between the coordinating TRPs. However, this is not the case for all the deployments i.e., for some deployments ideal backhaul is not possible. Without ideal backhaul, the TRPs will not be synchronized with each other and this creates timing misalignments, frequency misalignments and phase errors between the coordinating TRPs. The effectiveness of the CJT transmission comes down because of these misalignments. Hence, there is a need for the UE to report timing errors, frequency errors and phase errors across the TRPs such that the BS will be able to correct these errors while doing PDSCH transmission. 

In the previous RAN1 meeting, it was agreed that the UE is configured with  NZP CSI-RS resources/resource sets via higher layer signaling where . Multiple options were agreed for down-selection regarding the reporting procedure. We don’t see any need for the UE to report for a subset of coordinating TRPs. Hence, Opt 1 should be supported i.e., UE should report for all the configured  NZP CSI-RS resources/resource sets.

Proposal 22: Opt1 should be supported i.e., the UE reports for all the configured  NZP CSI-RS resources/resource-sets


6      Summary
The proposals of this contribution are summarized as follows:

Proposal 1: Scheme 1 should be supported for CSI-RS ports up to 128 as a basic scheme

Proposal 2: Only mode-1 should be supported for Scheme 1

Proposal 3: QPSK should be used for co-phasing across polarizations at least for Scheme-1

Proposal 4: Additional values of  and  should be introduced for extension of Type-1 SP codebook to up to 128 CSI-RS ports to retain Type-1 CB performance

Proposal 5: At least for scheme 1 based R15 Type-1 SP extension, the precoder structure of ranks 1-2 should be adapted for ranks 3-4 as well

Proposal 6: Support Scheme 2 as an additional Type-1 extension scheme

Proposal 7: For Scheme 2 based Type-1 extension, the selected beams across layers should be within the same beam set

Proposal 8:  in R16 eType-II codebook can be reused to indicate the beam set for Scheme 2 based Type-1 extension

Proposal 9: Beam index for each layer should be signaled independently for scheme 2 based Type-1 extension at least for ranks 1-4

Proposal 10: For Scheme 2 based Type-1 extension, common beams should be used for a subset of layers for ranks 5-8

Proposal 11: Beam grouping should be considered to refine CBSR to reduce RRC overhead

Proposal 12: All the K CSI-RS resources for aggregation should be associated with a same CSI-RS resource set

Proposal 13: Support the following mapping scheme: (1st resource, 1st polarization), (2nd resource, 1st polarization), …, (Kth resource, 1st polarization), (1st resource, 2nd polarization), (2nd resource, 2nd polarization), …, (Kth resource, 2nd polarization)

Proposal 14: The mapping scheme mentioned above should be supported

Proposal 15: Multiple TxRUs should be grouped and precoded to form an effective CSI-RS port in any of the K CSI-RS resources

Proposal 16: Same TxRUs are used for the same port index across different CSI-RS resources

Proposal 17: The precoder used per CSI-RS resource should be specified

Proposal 18: M is NW configured
Proposal 19: R15 Type-1 SP codebook should be supported for CRI based CSI reporting. M up to 4 is supported at least for R15 Type-1 SP codebook.

Proposal 20: Type- codebook should be supported for CRI based CSI reporting. M up to 4 is supported for Type-1

Proposal 21: Methods for compressing the report should be studied, at least for Type-2

Proposal 22: Opt1 should be supported i.e., the UE reports for all the configured  NZP CSI-RS resources/resource-sets
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