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Introduction
In RAN1#116 meeting, the following agreements were made for CSI enhancement in Rel-19 MIMO:
Agreement
For the Rel-19 NR Type-I/II codebook refinement and CRI-based CSI for up to 128 CSI-RS ports, reuse the EVM agreed for Rel-18 NR Type-II Doppler codebooks (cf. R1-2205289) for SLS with the following refinement:
· Center frequencies can be replaced by the following options (companies should state their assumption): 3.5GHz, 4.9GHz, 6GHz, 7GHz. 
· Companies should state their assumptions on TXRU structure and the associated TXRU-to-port virtualization for >32 ports
· The UEs can be placed both indoor (with 80% probability, 3kmph) and outdoor (with 20% probability, companies should state the assumed UE speed)
· Lower RU can also be assumed (companies should state the assumed RU)
· Companies should state the assumed traffic models and ISD

Agreement
For the Rel-19 NR CJT calibration reporting, reuse the EVM agreed for Rel-18 NR Type-II CJT codebooks (cf. R1-2205289) for SLS with the following refinement:
· Adding ISD=500m as an option for inter-site CJT
· Delay offsets caused by propagation delays from the UE to the TRPs and, whenever applicable, the ISI incurred by the composite (summed across selected TRP(s)) channel impulse response should be modelled/accounted
· In addition, initial timing offsets among TRPs can be included, e.g. from TR 38.855 for positioning or uniformly distributed [-0.5CP:0.5CP]
· Per-TRP frequency offset (relative to the UE) is modelled as a uniform random variable with [-x:x] 
· Companies should state the assumed value of x, e.g. 0.05ppm, 0.1ppm (per Table 6.5.1.2-1 of TS.38.104)
· For TDD, per-TRP DL/UL phase misalignment is modelled as a uniform random variable with [-y:y] where y is {}
· For TDD, per-TRP DL/UL timing misalignment is modelled as a uniform random variable with [-z:z]
· Companies should state the assumed value of z, e.g. 65ns(from RAN4)
· For FDD scenarios, Rel-18 Type-II CJT codebook is assumed
· For TDD scenario, SRS-based (e.g. SVD) precoding is assumed
· Companies should state the assumed sub-carrier spacing, e.g. 15kHz, 30kHz

Agreement
For the Rel-19 NR CJT calibration reporting, use the following EVM for LLS with the following refinement:
· Purpose: alternative to SLS to observe the impact of misalignment and gain by proposed solutions, as the frequency offset/time misalignment have impacts in granularities of subcarrier/symbol levels

	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-C channel model in TR 38.901

	Delay Spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (2, 8, 2, 1, 1; 2, 8), (dH, dV) = (0.5, 0.8) 

	TRP number
	2

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	UE number
	1, 4

	MCS
	Link Adaption

	Bandwidth
	20RB, 145RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 per UE

	UE speed
	3km/h 

	Precoding granularity
	2RB, 4RB, 8RB, 16RB, 32RB

	SRS periodicity
	10ms

	DMRS
	Type 2 DMRS, double-symbol, or Type 1 DMRS

	DL DMRS channel estimation
	LMMSE channel estimation

	Frequency offset
	Uniformly distributed delay difference between [0, x], companies should state the assumed value of x, e.g., 0.05ppm, 0.1ppm.

	Delay difference
	a uniformly distributed delay difference between [0, y], companies should state the assumed value of y, e.g., CP length, 1.67us, 65ns.



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.
Note: Per WID objective 2b, 
· No other legacy codebook design aspects (such as SD/FD/DD basis design including O1/O2, W2/combining coefficient design, codebook parameter definitions and respective values) can be modified.
· Only RI=1-4 is supported 

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-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-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 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



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 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

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

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 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, 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 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, 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, 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, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,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 
· 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 nref 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 n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design

In this contribution, we discuss these CSI enhancements for Rel-19 MIMO.
Discussion
1.1. CSI enhancement for up to 128 CSI-RS ports
· CSI-RS configuration
According to the agreement made in last meeting, 4 legacy CSI-RS resources are aggregated to 128 ports CSI-RS considering co-existence with pre-Rel-19 UEs. The mapping from CSI-RS ports (resource index k, polarization p, horizontal n1, vertical n2) to PMI calculation should be specified. We agree the natural order is aggregating n2 dimension first then n1 dimension then polarization, that is, CSI-RS ports aggregated from K resources, port (resource index k, polarization p, horizontal n1, vertical n2) is mapped to precoder index , where Kv is the number of vertical panel. we support the offline Proposal 1.B.
	Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth 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), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources


Proposal 1: Support offline agreement Proposal 1.B.
Regarding the configuration of CSI-RS resources, legacy CRI based CSI report for Type 1 CB and Rel-18 Doppler codebook should be extended to support up to 128 ports. In this case, similar to NCJT CSI, multiple CMR groups can be configured in a set, each CMR group corresponding to a 48/64/128 ports CSI-RS, and CRI report or CSI prediction can be performed based on multiple CMR groups. For example, each K=2/3/4 CMRs in a set are grouped to obtain a 48/64/128 ports CSI-RS where K is configured as a parameter of the resource set.
For the K resources to obtain a 48/64/128 ports CSI-RS, some restriction is needed to ensure the performance of CSI report. For example, the resources should be located in one or two consecutive the avoid channel variation in time domain especially for Doppler codebook. Some other parameters, e.g. Pc,offset/CDM type/ RS density and QCL source should also be consistent within a CMR group. For multi-CRI based reporting, similar restriction should also be applied except QCL source. 
Proposal 2: The following resource configuration can be support for 128 ports CSI-RS:
· K CSI-RS resources for 48/64/128 ports are configured in a same CSI-RS resource set
· Multiple CMR groups within a resource set to support single CRI based CSI report for Type 1 CB and Doppler codebook
· Each K=2/3/4 CMRs are grouped to obtain a 48/64/128 ports CSI-RS where K is configured by gNB
· The K CMRs within a group should be located in one or two consecutive slots, with the same Pc,offset, CDM type, RS density and QCL source. 
· [bookmark: _GoBack]The same restriction should also be applied to CSI-RS resources for multi-CRI based HBF except QCL source. 
· Type I Codebook enhancement
Companies proposed a number of alternatives (6 schemes) for 128 port codebook enhancement. Since scheme 1 is straightforward design, only new n1-n2 configuration is needed to enable 128 ports CSI with the lowest specification and implementation effort, we support scheme 1 as baseline (mode A, 1st preference). In our view, it’s also reasonable to consider multi panel-based design, e.g., scheme 4.
On the W1 structure, legacy Type I restricted the selection of SD-basis pair to a small set (second beam is selected from the set of 4 closed orthogonal beam) which is identified by scheme 2,3,5. We observed some UTP gain for layer-specific W1 selection (in figure 1, yellow dot). Orthogonal set extension (scheme 5) improves the performance; however, the gain is small compared with free SD-basis selection (green dot). 
On the W2 structure, legacy design is good. We extend legacy W2 to free co-phasing combination and extend the constellation to BSPK, QPSK, and 8PSK (blue line). Compared with legacy W2, we don’t see any performance gain to enhancement W2. Thus, legacy W2 is sufficient.
On the oversampling, O1-O2 = {1,2,4,8} are evaluated. Decreasing oversampling results obvious performance loss, while the overhead/complexity reduction is small. Hence, supporting O1-O2=4 (legacy) is preferred.
[image: ]
Figure 1, Type I codebook enhancement
During the offline discussion, Proposal 1.A.1 and Proposal 1.A.2 are made. Based on our simulation result and analysis, we support Proposal 1.A.1 on codebook design. For oversampling, we support O=4 only.
	Proposal 1.A.1: For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, support the following:
· Mode-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Mode-B (based on Scheme2 in RAN1#116bis agreement): 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
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed


Proposal 1.A.2: For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, O1=O2= 2


We made the following proposals:
Proposal 3: Support offline agreement Proposal 1.A.1 for the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports
Proposal 4: For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, O1=O2= 4
· eType II Codebook enhancement
The overhead of R16 eType 2 codebook and R17 FePS codebook (M=1 only) are listed in table 1 without any further restriction. For regular codebook, increasing antenna ports does not increasing overhead significantly, because only few bits are allocated for 128 ports SD-basis indicator. However, for FePS, the number of NZC is increasing linearly as number of antenna ports (largely because of K1=alpha*P), which may result undesirable double overhead for 64 ports. In our view, parameter combination for regular codebook can be fully reuse. On Rel17-FePS, in principle, we agree the overhead of >32 ports codebook should be comparable to legacy 32 ports codebook. Otherwise, the UPT gain in term of overhead-performance tradeoff is lost compared with regular codebook. However, since the number of ports may be UE-specific configured, legacy <=32 ports is sufficient for Rel17-FePS codebook in general case, while legacy parameter combination with 64 ports can be used for extremely scattering environment if exist (up to implementation). Revisiting parameter combination for Rel17-FePS codebook is not essential. We support offline conclusion 1.E.
	Conclusion 1.E: For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, there is no consensus on removing any of the Parameter Combinations supported by the legacy Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS. Therefore, all the legacy Parameter Combinations are supported. 



	　
	overhead rank2 (bits)

	PC
	Regular 32 ports
	Regular 128 ports
	PS 32 ports
	PS 64 ports

	1
	118
	122
	238
	470

	2
	175
	179
	299
	590

	3
	213
	222
	412
	815

	4
	326
	335
	524
	1039

	5
	439
	448
	　
	　

	6
	547
	556
	　
	　

	7
	475
	489
	　
	　

	8
	644
	658
	　
	　


Proposal 5: All the legacy Parameter Combinations are supported for Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports
· Multi-CRI based CSI feedback
For multi-CRI based reporting, it is FFS whether Rel-16 eType II codebook with CRI report needs to be supported. In our understanding, multi-CRI based reporting is beneficial for scheduling flexibility with hybrid beamforming, especially for MU-MIMO. If multi-CRI is introduced for Rel-16 eType II codebook, it is possible that the gain from flexible MU pairing and eType II codebook can be both obtained. Hence, enhancement for eType II codebook can be considered if there is significant gain. However, the UE complexity and feedback overhead would be also increased by times for CRI reporting. The value of X and the number of CSI-RS resources/ports should be restricted for eType II codebook if agreed. For example, the total number of CSI-RS ports for CRI reporting can be restricted to 64, and/or the number of CSI-RS resources in a set is restricted to 4.
For Type I codebook, X can be up to 4 to ensure scheduling flexibility and the supported values of X can be reported via UE capability. If eType II codebook is agreed, at least X=2 should be supported. Only supporting X=1 cannot provide additional scheduling flexibility over current BM and eType II CB without CRI. In this case, CRI reporting becomes useless for HBF. With X as the maximal value of M, the value of M can be configured by gNB via RRC signaling, e.g. by CSI report configuration. 
If multi-CRI based CSI report is configured, multiple CSIs should be reported within a CSI report. The rule for UCI mapping and CSI omission should also be defined for multiple CSIs. To minimize the standardization work and specification impact, the rules for NCJT CSI report can be reused, in which case the multiple CSIs are for different measurement hypothesizes. For example, the CSI can be ordered by CRI index and with order of {CSI part 1, wideband part for CSI part 2, even subband for CSI part 2, odd subband for CSI part2} for each CSI.
Proposal 6: Type I codebook can be baseline to support multi-CRI based CSI feedback. Further consider eType II codebook if there is significant gain.
Proposal 7: For Type I codebook, X can be up to 4 based on UE capability. For eType II codebook, if agreed, X=2 should be supported with some restriction on the number of CSI-RS resources/ports.
Proposal 8: The value of M is NW-configured via RRC signaling.
Proposal 9: The UCI mapping and CSI omission rule can reuse that of NC-JT with multiple CSIs.
1.2. Time/frequency misalignment reporting for CJT
· General part
For CJT calibration reporting, NTRP NZP CSI-RS resources/resource sets can be configured via higher-layer (RRC) signalling. For time/frequency/ phase reporting, the number of CSI-RS ports is not so important for measurement, but the CSI-RS density would impact the accuracy. Hence, TRS with single port and higher density can be considered for the measurement. Furthermore, to avoid change of timing/frequency/phase in time domain, one or two slots can be used for the NTRP NZP CSI-RS resources/resource sets to ensure the accuracy. Furthermore, the UE can report the results for all the configured NZP CSI-RS resources/resource sets. On one hand, the offset is semi-static itself. On the other hand, current reporting mechanism can already support TRP selection reporting by UE via specific bit or “out of range”. Hence, no further TRP selection by gNB or UE is needed. 
For reference TRP, there is no much difference between UE selection/reporting and fixed resource. With UE reported reference TRP, though log2N bits is needed for reference TRP reporting, N-1 bits can be saved for delay/frequency offset reporting due to half quantization range for other TRPs. That would result in one bit overhead reduction for N=4. For NW-configured reference TRP, it cannot provide any additional benefit over fixed TRP. Hence, UE reported reference TRP is preferred. 
However, for phase reporting for UL/DL reciprocity, the quantization range is not impacted by reference TRP selection. The possible phase offset between any two TRPs could be (-pi, pi) (or (0, 2pi), make no difference) regardless of which TRP is the reference TRP. In this case, UE reporting for reference TRP would lead to log2N bits additional overhead (the overhead is even higher than what we saved from delay/frequency offset reporting). Considering the reference TRP is independent for different use cases, it is unnecessary to apply the same scheme for different use cases. For phase reporting, fixed reference TRP is preferred due to lower overhead, e.g. the first configured TRP/resource.
Proposal 10: NTRP TRS sets in the same or consecutive slots are used for CJT calibration reporting.
Proposal 11: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets without TRP selection.
Proposal 12: The reference CSI-RS resource is reported by UE for delay/frequency offset reporting, and is fixed for phase reporting.
· Time misalignment reporting
In case the reference CSI-RS resource/resource set is reported by UE, Alt1 is naturally selected for delay offset reporting since UE can always select the TRP with smallest delay as the reference TRP. For the value of AD, the CP length can be considered.  A delay offset larger than CP is not needed to be quantized since the corresponding TRP is difficult to be used for CJT transmission. Considering two different CP lengths are supported by NR, the delay offset can be quantized in unit of configured CP length, and the quantization range can be 0~1, where 1 or larger than 1 can be quantized as “out of range”.
For a TRP, if dn indicates that the measured delay offset plus delay spread is outside the pre-defined range, the corresponding TRP would not be used for CJT transmission at gNB. In this case, the reported Dn,offset may become useless. Some signalling design can be considered to avoid the unnecessary report overhead for this case, for example, joint reporting of dn and Dn,offset.
Proposal 13: Alt1 is applied for delay offset reporting assuming reference resource is reported by UE.
Proposal 14: The delay offset can be quantized in unit of configured CP length and the value can be 0~1.
· Frequency misalignment reporting
In case the reference CSI-RS resource/resource set is reported by UE, Alt2B is naturally selected for frequency offset reporting since UE can always select the TRP with lowest frequency as the reference TRP. Regarding the value of AFO, the maximum frequency error for a base station is specified in 38.104 as below, which means the relative frequency of the signal received from different TRPs can be up to ~0.2ppm changing over 1ms. In this case, the frequency offset can be quantized in unit of ppm relative to carrier frequency, and the value range can be 0~0.2. Considering actual gNB deployment, a smaller AFO is also possible. If a smaller value is available at gNB, the value can be signaled to UE.
	[bookmark: _Toc146957835][bookmark: _Toc138837572][bookmark: _Toc131766350][bookmark: _Toc131740816][bookmark: _Toc131595818][bookmark: _Toc124266460][bookmark: _Toc124157056][bookmark: _Toc123717480][bookmark: _Toc123054379][bookmark: _Toc123051910][bookmark: _Toc123048991][bookmark: _Toc115186177][bookmark: _Toc114255497][bookmark: _Toc107474904][bookmark: _Toc107419277][bookmark: _Toc107311693][bookmark: _Toc106782802][bookmark: _Toc90422609][bookmark: _Toc82621762][bookmark: _Toc74663222][bookmark: _Toc67916624][bookmark: _Toc61179328][bookmark: _Toc61178858][bookmark: _Toc53178632][bookmark: _Toc53178181][bookmark: _Toc45893454][bookmark: _Toc44712141][bookmark: _Toc37267539][bookmark: _Toc37260151][bookmark: _Toc36817235][bookmark: _Toc29811683][bookmark: _Toc21127474]6.5.1.2	Minimum requirement for BS type 1-C and BS type 1-H
For BS type 1-C and BS type 1-H, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms. 
The frequency error requirement for NB-IoT are specified in TS 36.104 [13] clause 6.5.1.
Table 6.5.1.2-1: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm






Regarding additional TRP selection reporting similar to delay offset reporting, we don’t think it is needed. For frequency offset, when the measured offset is larger than AFO, “out of range” can be reported to gNB and it is up to gNB whether to use this TRP. Also, no specification impact is needed to separate Doppler shift from the measured and reported per-TRP frequency offsets. At UE, it is difficult to distinguish frequency misalignment and Doppler shift. At gNB, even the report includes Doppler shift, gNB can compensate it together with frequency error. Considering CJT UEs are not expected to be at high mobility, Doppler shift is relatively small compared to the frequency error.
Proposal 15: Alt2B is applied for frequency offset reporting assuming reference resource is reported by UE.
Proposal 16: The maximal value of AFO can be 0.2 in unit of ppm (relative to carrier frequency).
Proposal 17: Additional TRP selection reporting is not needed frequency offset reporting and a “out of range” value is sufficient.
Proposal 18: It is not needed to separate Doppler shift from the measured and reported per-TRP frequency offsets.
· Phase reporting for UL/DL reciprocity calibration
In Rel-18, the CSI enhancement for CJT focused on eType II codebook. For TDD, reciprocity based CJT transmission could also provide gain over S-TRP without additional specification impact, e.g. based on current CSI framework. Current antenna calibration is performed per TRP, and there could be amplitude/phase misalignment among antennae in different TRPs. However, the performance of reciprocity based CJT transmission (without or without calibration error) has not been widely evaluated in RAN1. The performance gain of inter-TRP antenna calibration is still unclear. 
If phase reporting for UL/DL reciprocity is supported, wideband reporting should be the baseline. There may be benefit for subband reporting if there is also time misalignment among TRPs. However, delay offset reporting has been supported. UE can report the timing misalignment separately with lower overhead. Regarding the range of  n,m, the quantization range can be (-pi, pi) considering the possible phase offset between any two TRPs. 
Proposal 19: Wideband phase reporting is sufficient considering timing offset can be reported separately.
Conclusion
In this contribution, we discuss potential enhancements for Rel-19 MIMO enhancement with the following proposals.
Proposal 1: Support offline agreement Proposal 1.B.
Proposal 2: The following resource configuration can be support for 128 ports CSI-RS:
· K CSI-RS resources for 48/64/128 ports are configured in a same CSI-RS resource set
· Multiple CMR groups within a resource set to support single CRI based CSI report for Type 1 CB and Doppler codebook
· Each K=2/3/4 CMRs are grouped to obtain a 48/64/128 ports CSI-RS where K is configured by gNB
· The K CMRs within a group should be located in one or two consecutive slots, with the same Pc,offset, CDM type, RS density and QCL source. 
· The same restriction should also be applied to CSI-RS resources for multi-CRI based HBF except QCL source.
Proposal 3: Support offline agreement Proposal 1.A.1 for the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports
Proposal 4: For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, O1=O2= 4
Proposal 5: All the legacy Parameter Combinations are supported for Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports
Proposal 6: Type I codebook can be baseline to support multi-CRI based CSI feedback. Further consider eType II codebook if there is significant gain.
Proposal 7: For Type I codebook, X can be up to 4 based on UE capability. For eType II codebook, if agreed, X=2 should be supported with some restriction on the number of CSI-RS resources/ports.
Proposal 8: The value of M is NW-configured via RRC signaling.
Proposal 9: The UCI mapping and CSI omission rule can reuse that of NC-JT with multiple CSIs.
Proposal 10: NTRP TRS sets in the same or consecutive slots are used for CJT calibration reporting.
Proposal 11: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets without TRP selection.
Proposal 12: The reference CSI-RS resource is reported by UE for delay/frequency offset reporting, and is fixed for phase reporting.
Proposal 13: Alt1 is applied for delay offset reporting assuming reference resource is reported by UE.
Proposal 14: The delay offset can be quantized in unit of configured CP length and the value can be 0~1.
Proposal 15: Alt2B is applied for frequency offset reporting assuming reference resource is reported by UE.
Proposal 16: The maximal value of AFO can be 0.2 in unit of ppm (relative to carrier frequency).
Proposal 17: Additional TRP selection reporting is not needed for frequency offset reporting and a “out of range” value is sufficient.
Proposal 18: It is not needed to separate Doppler shift from the measured and reported per-TRP frequency offsets.
Proposal 19: Wideband phase reporting is sufficient considering timing offset can be reported separately.
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