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[bookmark: _Toc120549591]Introduction
Rel-19 NR MIMO evolution WI was approved in [1], we will discuss the following objectives in this contribution. 
· Specify CSI support for up to 128 CSI-RS ports, targeting FR1
· [bookmark: _Hlk158209324]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
· 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)
· 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
· Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD
· Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
CSI report for up to 128 CSI-RS ports
In Rel-19 MIMO WID, there are two aspects of enhancement on the CSI report for up to 128 CSI-RS ports:
1) Type-I/II codebook refinement for up to 128 CSI-RS ports
2) [bookmark: _Hlk158279686]CRI based CSI report for hybrid beamforming
In this section, we will discuss the above enhancements respectively.
Type-I/II codebook refinement
Type-I SP codebook design for RI=5-8
In last meeting [2], we have the following agreement on the Type-I SP codebook design for RI = 5~8:
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded



In the Type-I SP codebook design for RI=1~4, we have two configurated schemes: Scheme-A and Scheme-B. So, for RI=5-8, it is natural to choose two schemes corresponding to Scheme-A and Scheme-B respectively.
Scheme-A is the simpler design with low performance, Scheme-B is the enhanced design with high performance.
Among the four schemes, scheme 2 is the natural extension of Scheme-B with legacy beam sharing over layer pair. So, we think it should be supported firstly.
As for the rest schemes, scheme 4 is designed to release UE calculation complexity for RI=1~4 with the cost of poor performance. And scheme 1 and scheme 3 should be considered corresponding to Scheme-A with low performance. The scheme 1 is just simple extension of Rel-15 Type-I codebook for RI=5-8, which is assumed to have lower performance than scheme 3 where could give more freedom on the SD basis selection. So, we think scheme 3 can also be supported as Scheme-A counterpart.
Proposal 1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A:
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B:
· W1 structure: 
· Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, M = 4 codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)

Type-I MP codebook design 
In last meeting [2], we have the following agreement on the Type-I MP codebook design:
	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement



Although there seems no real-life deployment for Type-I MP codebook since Rel-15, to complete the design for up to 128 ports Type-I codebook, we can support Type-I MP codebook in Rel-19.
Unlike Rel-19 Type-I SP codebook where both two schemes are supported to balance “time-market” and performance gain, actually the deployment of Rel-15 Type-I MP codebook is very rare, So, we think only one of Scheme 1 and Scheme 2 need to support.
[bookmark: _Hlk166231481]Considering the performance gain, we think at least the basic structure of Scheme2 should be supported. While during the pre-RAN1#117 meeting Offline discussion, it seems some companies have concerns on the panel specific SD basis selection, So a compromise scheme based on Scheme2 with panel common SD basis vectors. We think it is Okay, no matter the original scheme2 or revised scheme2.
Proposal 2: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support either the following scheme or Scheme2 described in RAN1#116bis:
· W1 structure: Common SD basis selection across all the Ng=K NZP CSI-RS resources, reusing legacy Rel-15 Type-I SP SD basis selection rules with L=1 for RI=1-4
· Ng = K = {2, [3], 4} denotes the number of NZP CSI-RS resources associated with the Ng panels
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common sub-band inter-resource QPSK co-phasing

Type-I SP UCI design
In last meeting [2], we have the following agreement on the Type-I SP UCI design:
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B

Scheme-A
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v >4 
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	First SD basic vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of Rel-15 Type-I SP codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Second SD basis vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R15 Type-I codebookMode=1 
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Inter-pol co-phase selection indicator
	Part 2

Wideband or Subband (**)
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R16 Type-I codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending



Scheme-B
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v>4
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	SD basis oversampling (rotation) factor q1, q2
	Part 2

Wideband
	v=1-4: Values of q1, q2 follow Rel-16 eType-II,  bit indicator
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	SD basis vector selection indicator for each layer
	Alt1: Part 1
Alt2: Part 2 

Wideband
	v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v
v=5-8: FFS
	Pending

	Inter-pol co-phase selection indicator for each layer
	Part 2

Wideband or Subband (**)
	v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v
v=5-8: FFS
	Pending


(*): Not included when CQI reporting granularity is set to ‘wideband’
(**): Wideband when PMI reporting is set to ‘wideband’, Subband when PMI reporting granularity is set to ‘subband’



In the above agreement, there are pending issues need to resolve:
· SD basis vector selection indicator for each layer
· Alt 1: Part 1 Wideband  bit indicator per layer l=1, …, RIMAX
· Alt 2: Part 2 Wideband  bit indicator per layer l=1, …, v
· Inter-pol co-phase selection indicator for each layer
· Alt 1: QPSK with orthogonality constraints across v layers
· Alt 2: QPSK: 2-bit indicator per layer l=1,…,v

SD basis vector selection indicator for each layer
In legacy Type-II codebook design, the SD basis indication is located at Part 2, so Alt 2 seems to be the simplest way and the consuming overhead of it is also lower than Alt 2. Alt 2 should be supported in this issue.
Inter-pol co-phase selection indicator for each layer
In the agreement on the definition of Scheme-B, it says that “Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}”, so it is natural to support to support Alt 2 in this issue.
	Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-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
· Scheme-B (based on Scheme2 in RAN1#116 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




[bookmark: _Hlk166231522]Proposal 3: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding UCI parameters for Scheme-B RI=v=1-4:
· SD basis vector selection indicator for each layer is in Part 2 (wideband) and  bits per layer l=1, …, v
· Inter-pol co-phase selection indicator for each layer is in Part 2 (wideband or subband) and 2 bits (representing {+1, +j, -1, -j}) per layer l=1,…,v

CRI based CSI report for hybrid beamforming
Based on the WID description [1], enhancements to existing specifications that support hybrid beamforming (e.g. with one beam for each DL transmission) are needed to maintain the cost-effectiveness vs performance tradeoff in implementation. It is justified to enhance hybrid beamforming to multi-beam reporting (extended up to 32 ports per reported beam) with PMI/CQI/RI per beam in order to extend hybrid beamforming to larger antenna arrays and increase MU-MIMO scheduling opportunities.
[bookmark: _Hlk158376443]Report quantity for CRI based CSI report for hybrid beamforming
In current CSI report framework, the supported CSI report quantifies can be either 'none', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP', 'cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR', 'cri-RI-LI-PMI-CQI', 'cri-RSRP- Index', 'ssb-Index-RSRP- Index', 'cri-SINR- Index' or 'ssb-Index-SINR- Index'.
In last meeting [2], we have the following agreement on the supported report quantities:
	Agreement
[bookmark: _Hlk166196758]For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· [bookmark: _Hlk166196770]‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)



[bookmark: _Hlk158376495]Based on the WID, the targeting usage of this feature is to increase MU-MIMO scheduling opportunities. If for one specific UE, gNB could have more than one supported beam and more than one other CSI quantity, like CQI, RI, PMI, then the UE could have more opportunities in MU-MIMO mode, so that the system throughput could be increased accordingly. So, we think all the CSI report quantity types involving CRI reporting could be supported, expect for the beam management usage related quantities, i.e., the report quantity of 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI' could be supported in Rel-19.
[bookmark: _Hlk166231535]Proposal 4: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-i1-CQI’ (only for Type-I)
· ‘cri-RI-i1’ (only for Type-I)
UCI design for CRI based CSI report for hybrid beamforming
[bookmark: _Hlk162882620]It has been agreed that M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} could be supported in last meeting [2].
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured



However, if UE will report M “quadruplets”, then the report overhead will be M times of the CSI report with only one “quadruplets” without considering any optimization. So, in last meeting, the overhead reduction for CSI reporting have also been discussed. The following overhead reduction schemes have been proposed by companies:
· CRI/resource-common RI value (indication)
· Differential WB CQI (the wideband CQI(s) associated with the 2nd, …, M-th CRI(s) is calculated differentially with respect to the 4-bit largest wideband CQI(s) associated with the 1st CRI into Bd<4 bits)
· 1-bit differential SB CQIs associated with the 2nd, …, M-th CRI(s), calculated differentially with respect to the 2nd, …, M-th WB CQI(s)
However, considering the value of M can only be 2, 3, 4 and the RI, CQI only occupy several bits compared to the overhead of PMI, the overhead saving of the above schemes is marginal, not to mention all the above schemes could bring potential performance loss. So, we do not think these kind of overhead reduction schemes are essential. The legacy UCI design is already enough.
[bookmark: _Hlk166231549]Proposal 5: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1,
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource

UE reporting enhancement for CJT calibration
Rel-18 MIMO WI specified enhanced Type II codebook to support coherent joint transmission (CJT) assuming ideal time/frequency synchronization and backhaul among TRPs, i.e., it is assumed that the DL timings and carrier frequencies of multiple TRPs are perfectly aligned. However, in practical deployments of CJT, e.g., inter-site CJT, there will be time and frequency misalignments among TRPs due to non-ideal synchronization and backhaul.
Rel-19 MIMO WI will specify the CSI reporting enhancements for CJT deployments under non-ideal synchronization and backhaul, including inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH.
General aspects
The last RAN1#116bis meeting has made great progress on the above objective and we have the following agreements regarding some general aspects for all CJT calibration report types, including the selection of N CSI-RS resource/resource set, the selection of the reference CSI-RS resource/resource set and the TCI/QCL configuration/assumption, etc.
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ or ‘out-of-range’ quantization state/hypothesis is supported for all the types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, for a given CJT calibration report of one [or more] CJT calibration report type, the nref is selected by the UE and reported as a part of the CJT calibration report
· Note: CJT calibration report type refers to the Doffset/d report, FO report, and, TDD PO report

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, assuming the Rel-17/18 unified TCI framework, regarding TCI/QCL, the following is assumed:
· Based on the legacy support of up to 2 TCI states for PDSCH-CJT

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, at least for a CJT calibration report consisting only one type, support one-part UCI on PUSCH 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signaling
· ‘The DL-RS’ refers to the CSI-RS configured for CJT calibration measurement
· FFS: Whether additional constraints are needed for the TCI state of the ‘DL-RS’

Agreement
For a UE indicated with two TCI states, regarding QCL assumptions for PDSCH, at least the following are supported: 
· Scheme C: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift} 
· Scheme D: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {average delay}
Per Rel-18, the support of two TCI states is a UE capability

Agreement
For a UE indicated with two TCI states, regarding QCL assumptions for PDSCH, support the following QCL assumption for PDSCH:
· Scheme E: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, average delay} 


In this upcoming meeting, we need to discuss one remaining issue listed in one of the above agreements, that is, whether additional constraints are needed for the TCI state of the ‘DL-RS’. Although it was agreed to support up to two TCI states for PDSCH-CJT, from our perspective, additional constraints are not needed for the TCI state of calibration DL-RSs. It’s up to network implementation to configure TCI states for NTRP DL-RSs used for CJT calibration measurement. For example, two of NTRP DL-RSs can be configured with the same TCI state while the other two DL-RSs can be configured with another TCI state.
Proposal 6: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signalling without additional constraints of TCI state configuration, i.e., there is no need for the constraint that up to 2 TCI states can be configured for NTRP DL-RSs.
Delay/Frequency/Phase offset reporting for CJT calibration
In RAN1#116bis meeting, we made sufficient progress regarding the details of CJT calibration reporting, including the applicable types of the configured NTRP CSI-RS resources/resource sets, reporting contents, dynamic range and resolution for quantization, etc. In this section, we discuss some remaining issues regarding the three types of CJT calibration reporting, i.e., delay offset reporting, frequency offset reporting, and phase offset reporting.
Delay/Frequency offset reporting
For delay offset reporting and frequency offset reporting, we have the following agreements in RAN1#116bis meeting.
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’

[bookmark: _Hlk163785876]Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· Extend the maximum allowed number of TRS resource sets to 4 (note: legacy supports max. 3 from Rel-18 TDCP)
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn, n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to reporting one type of CJT calibration report in one report, at least support reporting {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref1} and {FOn , n=0, 1, …, NTRP – 1, n≠nref2} in one report
· nref1 and nref2 are independently selected and indicated by the UE,
· One-part UCI is used


[bookmark: _Hlk166147415]Regarding the measurement resources for delay/frequency offset reporting, it is agreed to use a periodic TRS resource set for each TRP, and some remaining issues are listed in the above agreement, including
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported
For the first FFS, i.e., whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth, since UE separately receives and measures the TRS resource set from each TRP to derive the delay/frequency offset between one TRP and the reference TRP, it seems unnecessary to restrict that all the resources across the NTRP TRS resource sets should be configured with the same bandwidth.
For the second FFS, i.e., whether aperiodic TRS resource set can also be used, we fail to see a strong motivation or benefit of using aperiodic TRS resource set on top of the periodic TRS resource set.
For the second to last FFS: the exact number of CSI-RS resource(s) within each TRS resource set, the legacy TRS pattern for FR1 as shown in Figure 1 can be reused for measurement of delay/frequency offset among TRPs. So, the exact number of CSI-RS resources within each TRS resource set is 4.


Figure 1. Resource configuration pattern for TRS
Proposal 7. For the Rel-19 aperiodic standalone CJT calibration reporting, regarding delay/frequency offset reporting, there is no need to restrict all the resources across the NTRP TRS resource sets to be configured with the same bandwidth.
Besides, it is agreed that the dynamic range and resolution parameters for delay/frequency offset reporting are NW-configured via higher-layer (RRC) signalling from given candidate values. Since the current set of candidate values is too large, down-selection should be done in this upcoming meeting. From our perspective, both units of AD/AFO can work. So, we are open to keeping two units or selecting one of them for each reporting type.
In addition, an ‘invalid’ quantization state/hypothesis is supported for CJT calibration reporting and there is one remaining issue, i.e., whether a condition/event for ‘invalid’ is needed to be specified as a UE procedure e.g. RSRP-based. From our perspective, a condition/event for an ‘invalid’ quantization state/hypothesis is not needed and it can be up to UE implementation whether to report ‘invalid’ for the delay/frequency/phase offset associated with a TRP. Without specifying a condition/event for ‘invalid’, the worst case is to report NTRP-1 ‘invalid’ quantization states in a CJT calibration report when UE believes the measurement is not reliable, which implies this CJT calibration report actually does not provide any calibration information to NW. In this case, NW can trigger another aperiodic CJT calibration reporting. Hence, the worst case mentioned above is not a big problem.
Proposal 8. For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the ‘invalid’ quantization state/hypothesis, a condition/event for ‘invalid’ to be specified as a UE procedure is not needed.
DL/UL phase offset reporting for TDD non-ideal reciprocity
In realistic TDD systems, there would be phase offsets between UL and DL channels due to the non-ideal reciprocity caused by different Tx/Rx RF characteristics. In TDD CJT deployment, there are distinct UL-DL phase offsets over the UL-DL channels for each pair of UE and TRP. With such inter-TRP reciprocity error, the performance of TDD CJT would significantly degrade. Hence, the DL/UL phase offset reporting is supported to assist the NW in compensating for the inter-TRP reciprocity error. In RAN1#116bis meeting, we have the following agreements regarding DL/UL phase offset reporting.
	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, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, 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 -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) for CSI is used 
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether all the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs, bandwidth

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, the value n, indicates a uniformly quantized phase between 0 and 2

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .


One remaining issue that should be addressed in this meeting is whether sub-band reporting (>1) of phase offset is supported. It is clarified that the TDD TX-RX timing misalignment will result in variable phase offsets across the frequency domain, which is the reason why sub-band reporting of phase offset should be supported. Meanwhile, the SLS evaluation results provided by proponents show that the sub-band reporting of phase offset outperforms the wideband reporting of phase offset. So, sub-band reporting of phase offset can be supported. In addition, a further issue is how to determine the sub-band size of phase offset reporting. From our perspective, the sub-band size can be configured by NW via RRC signalling as in the current specification (see Table 5.2.1.4-2 in TS 38.214). Since the Rel-19 CJT calibration reporting is an aperiodic reporting on PUSCH, the reporting overhead is not a big issue. Therefore, reporting of each sub-band can be considered.
[image: ]
Proposal 9: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), support sub-band reporting, i.e., >1.
· A sub-band size is NW-configured via higher-layer (RRC) signalling.
· Denoting the number of sub-bands within the configured CSI reporting band as NSB-P, and the sub-bands are indexed as {0, 1, …, NSB-P–1}, support reporting of each sub-band, i.e., = NSB-P.
Then, regarding the measurement resources for phase offset reporting, it is agreed to use single-port CSI-RS for CSI for each TRP, and there are some remaining issues, including
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether all the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs, bandwidth
[bookmark: _Hlk166153628]For the first FFS, i.e., whether multi-port CSI-RS for CSI can also be used, we do not see the necessity of using multi-port CSI-RS for CSI which consumes more measurement resources. Then, regarding the second and third FFSs, for DL/UL phase offset measurement and reporting, a CSI-RS resource set consisting of NTRP CSI-RS resources can be configured to a UE, where each CSI-RS resource corresponds to one TRP. Finally, for the last two FFSs, if sub-band reporting of phase offset is used, the bandwidth of the CSI-RS resources configured to TRPs should be the same, and different RE locations, i.e., FDM should not be supported for the CSI-RS resources. Instead, if wideband reporting of phase offset is used, the above restrictions may not be needed.
Proposal 10: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), a CSI-RS resource set consisting of NTRP CSI-RS resources can be configured to a UE, where each CSI-RS resource associated with one TRP.
Proposal 11: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset) and sub-band reporting is used, the following restrictions can be considered.
· The bandwidth of the CSI-RS resources configured to TRPs should be the same.
· Different RE locations (FDM) are not supported for the CSI-RS resources.
Conclusions
In this contribution, we discuss CSI enhancements in MIMO, including support for up to 128 CSI-RS ports on FR1 and UE reporting enhancement for CJT calibration, and the following proposals are made.
Proposal 1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A:
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B:
· W1 structure: 
· Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, M = 4 codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)
Proposal 2: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support either the following scheme or Scheme2 described in RAN1#116bis:
· W1 structure: Common SD basis selection across all the Ng=K NZP CSI-RS resources, reusing legacy Rel-15 Type-I SP SD basis selection rules with L=1 for RI=1-4
· Ng = K = {2, [3], 4} denotes the number of NZP CSI-RS resources associated with the Ng panels
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common sub-band inter-resource QPSK co-phasing
Proposal 3: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding UCI parameters for Scheme-B RI=v=1-4:
· SD basis vector selection indicator for each layer is in Part 2 (wideband) and  bits per layer l=1, …, v
· Inter-pol co-phase selection indicator for each layer is in Part 2 (wideband or subband) and 2 bits (representing {+1, +j, -1, -j}) per layer l=1,…,v
Proposal 4: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-i1-CQI’ (only for Type-I)
· ‘cri-RI-i1’ (only for Type-I)
Proposal 5: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1,
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource
Proposal 6: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signalling without additional constraints of TCI state configuration, i.e., there is no need for the constraint that up to 2 TCI states can be configured for NTRP DL-RSs.
Proposal 7. For the Rel-19 aperiodic standalone CJT calibration reporting, regarding delay/frequency offset reporting, there is no need to restrict all the resources across the NTRP TRS resource sets to be configured with the same bandwidth.
Proposal 8. For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the ‘invalid’ quantization state/hypothesis, a condition/event for ‘invalid’ to be specified as a UE procedure is not needed.
Proposal 9: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), support sub-band reporting, i.e., >1.
· A sub-band size is NW-configured via higher-layer (RRC) signalling.
· Denoting the number of sub-bands within the configured CSI reporting band as NSB-P, and the sub-bands are indexed as {0, 1, …, NSB-P–1}, support reporting of each sub-band, i.e., = NSB-P.
Proposal 10: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), a CSI-RS resource set consisting of NTRP CSI-RS resources can be configured to a UE, where each CSI-RS resource associated with one TRP.
Proposal 11: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset) and sub-band reporting is used, the following restrictions can be considered.
· The bandwidth of the CSI-RS resources configured to TRPs should be the same.
· Different RE locations (FDM) are not supported for the CSI-RS resources.
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Table 5.2.1.4-2: Configurable subband sizes

Bandwidth part (PRBs) Subband size (PRBs)
24-72 4,8
73144 8,16
145 - 275 16,32
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