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1 Introduction
In RAN#102, a new WID for MIMO evolution for downlink and uplink was approved for Rel-19 [1]. Among items in this WID, two aspects corresponding to CSI enhancement(s) are captured, i.e., Type-I/Type-II codebook refinement supporting up to 128 CSI-RS ports, hybrid CSI enhancement and UE reporting enhancement for CJT calibration in non-ideal synchronization and backhaul scenario. In this contribution, we elaborate our views on above two aspects, respectively.
2 CSI enhancement for up to 128 CSI-RS ports on FR1
As the MIMO technology develops from LTE to NR (then to NR-Advanced), the number of antenna ports has been continuously increased to achieve better coverage and higher spectrum efficiency. Among items in the WID for DL/UL MIMO, the aspects for CSI enhancement supporting up to 128 CSI-RS ports, targeting FR1, are listed as below.
	2. Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. 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
b. 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)
c. 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


2.1 Type-I/Type-II codebook refinement
2.1.1 Type-I SP codebook refinement for RI = 1-4
2.1.1.1 UCI design for the Rel-19 Type-I SP codebook
In RAN#116-bis meeting, we reached the following agreement for the UCI design for Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports.
	Agreement (RAN1#116bis)
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





For Alt 1 and Alt 2 of Scheme-B, the main differences are SD basis vector selection indicator and inter-polarization co-phase selection indicator. For the SD basis vector selection indicator for each layer, which is a part of wideband PMI. Considering PMI is reported CSI part 2 in legacy, Alt 2 seems to be more compatible. And the feedback overhead of Alt 1 may be higher than that of Alt 2. For the inter-polarization co-phase selection indicator for each layer, the orthogonality constraint seems conflicted with ‘layer-specific inter-polarization co-phasing’ in the previous agreement. And Alt 1 and Alt 2 have the same feedback overhead. Thus, we prefer Alt2 for Scheme-B. Besides, no necessity is identified to refine the UCI omission rule, and the legacy rules for Type-I/Type-II codebooks can be directly reused.
Proposal 1: Regarding Rel-19 Type-I and Type-II codebook refinement, for UCI mapping and omission of Type-I SP codebook for RI = 1-4, support
· Alt2 for UCI mapping for scheme-B;
· Reusing legacy omission rule.
2.1.1.2 Refinement of the i1,3 table for the Rel-19 Type-I SP codebook
In RAN#116-bis meeting, we reached the following agreement for SP Type-I codebook refinement for up to 128 CSI-RS ports, for RI=1-4.
	Agreement (RAN1#116bis)
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


The legacy i1,3 table for 3-layer and 4-layer CSI reporting when PCSI-RS < 16 is shown below. It is noted that, due to increased (N1, N2), this table cannot work for scheme-A of Type-I SP codebook for RI = 1-4. A straightforward way to address this issue is to reuse the last two columns (N1 = 3, N2 = 2) of the legacy i1,3 table for new (N1, N2) configurations. However, as the number of ports increases, the beam becomes narrower, the SD basis selection flexibility indicated by i1,3 becomes severely limited, which is proven by the conclusion that scheme-B brings significant throughput gain. So, the i1,3 table can be extended to improve the performance.
Table 1 Legacy i1,3 table for 3-layer and 4-layer CSI reporting when PCSI-RS < 16
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Proposal 2: Regarding Rel-19 Type-I and Type-II codebook refinement, for scheme-A of Type-I SP codebook for RI = 1-4, support reusing the last two columns of i1,3 table when RI = 3-4.
· FFS: whether the i1,3 table can be further extended.
2.1.2 Type-I SP codebook refinement for RI = 5-8
In RAN1#116bis meeting, the following agreement was reached on Type-I SP codebook refinement for RI = 5-8:
	Agreement (RAN1#116bis)
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


Among the candidate schemes, scheme 2 provides better flexibility in both the aspects of SD basis selection and inter-polarization co-phasing. Scheme 3 extends the candidate selections for each SD basis but lacks the flexibility of providing inter-polarization co-phasing. Scheme 4 aims to reduce the UE receiving complexity, but the calculation of PMIs and CQIs remains controversial. Therefore, scheme 2 is supported as the first preference. As the second preference, scheme 3/2 can be supported as mode A/B, as similar to Type-I codebook for RI = 1-4.
To complete scheme 2, the two FFSs need to be addressed. Regarding the FFS on the number of SD bases, no necessity is observed to support 4 SD bases for RI = 5-6. To optimize the performance, the stronger SD bases should be utilized as much as possible. By introducing the layer pairing, the 3 strongest SD bases should be applied for RI = 5-6, and adding a 4th weaker SD basis may degrade the performance. Regarding the FFS on mapping between selected SD bases and layers, the legacy layer pairing and layer permutation scheme can be reused directly. However, which SD basis being applied to the orphan layer (the 5th layer for RI = 5, and the 3rd layer for RI = 7 in legacy) may seriously influence the performance. From implementation perspective, stronger SD bases should be applied to layer pairs, while the weakest SD basis should be applied to the orphan layer. So, the SD basis applied to the orphan layer should be indicated by the UE. For the rest selected SD basis, they can be simply mapped to the layer pairs based on an order of ascending SD basis index. And the mapping order of the rest selected SD bases with the layer pairs would not influence the performance. 
Figure 1 compares the performance of scheme 1 and scheme 2. For scheme 2, two cases are considered:
· Scheme 2(A): The UE does not report the SD basis and the selected SD bases are mapped to layers based on ascending SD basis index;
· Scheme 2(B): The UE reports the SD basis applied to the orphan layer, the rest selected SD bases are mapped to layer pairs based on ascending SD basis index.


Figure 1 SLS results of average throughput gain for scheme 1 (baseline) and scheme 2
It is observed that, both scheme 2(A) and scheme 2(b) can provide over 10% average throughput gain over scheme 1. Besides, by indicating the SD basis applied to the orphan layer, scheme 2(B) further shows approximately 1% throughput gain over scheme 2(A). Note that, the RI is dynamically selected from 1-8 in SLS. For RI = 5 or 7 when the orphan layer occurs, the performance advantage of scheme 2(B) over scheme 2(A) would be more significant.
Observation 1: For Type-I SP codebook refinement for RI = 5-8, scheme 2 can provide over 10% average throughput gain over scheme 1, and UE reporting the SD basis associated with the orphan layer can further provide approximately 1% average throughput gain.
Proposal 3: Regarding Rel-19 Type-I and Type-II codebook refinement, at least support scheme 2 for Type-I SP codebook refinement for RI = 5-8.
· Regarding the number of SD basis, do NOT support 4 SD bases for RI = 5-6;
· Regarding the mapping between SD bases and layers,
· reuse legacy layer pairing and layer permutation schemes;
· the SD basis applied to the orphan layer (the 5th layer for RI = 5, and the 3rd layer for RI = 7 in legacy) is reported by the UE, the rest SD bases are applied to layer pairs based on an order of ascending SD basis index.
2.1.3 Type-I MP codebook refinement for RI = 1-4
In RAN1#116bis meeting, the following agreement was reached on Type-I MP codebook refinement for RI = 1-4:
	Agreement (RAN1#116bis)
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


Generally, we are open to discuss Type-I MP codebook. In comparison of the two schemes, scheme 2 provides more flexible SD basis selection for each resource. Hence, scheme 2 is expected to have better performance over scheme 1. However, resource-specific SD basis selection seems more like CJT PMI structure. To optimize the performance for MP scenario, resource-common SD basis selection per layer and layer-specific inter-resource co-phase should be supported.
Proposal 4: Regarding Rel-19 Type-I and Type-II codebook refinement, support studying Type-I MP codebook, and support the following enhancement:
· Resource-common SD basis selection for each layer;
· Layer-specific inter-resource co-phases.
2.1.4 Type-I/Type-II CBSR refinement
In RAN1#116bis meeting, we reached the following agreement on CBSR for Type-I/Type-II codebooks supporting up to 128 ports:
	Agreement (RAN1#116bis)
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).
Agreement (RAN1#116bis)
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent. Final LS in R1-2403650.
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/-II codebooks with a same (N1,N2).


Regarding the CBSR for Type-I codebook, the value of X1 and X2 need to be further specified. From interference management perspective, for different configurations of (N1, N2), the space should be divided into different segments with similar sizes along both N1 and N2 directions. So, the values of X1 and X2 should depend on the values of N1 and N2, respectively. Then X1/X2 can be 2 and 4 for N1/N2≤4 and N1/N2>4, respectively.
Regarding the CBSR for Type-II codebook, the B1B2 structure can be kept, and the SD basis grouping only need to be introduced for B2, as illustrated by Figure 2. Based on the B1B2 structure, B1 selects 4 out of 16 SD basis groups, B2 contains 4 sub bit sequence B2(1) B2(2) B2(3) B2(4) with each sub bit sequence associated with one of the 4 selected groups. Moreover, each bit in B2(k) is associated with one SD basis in the k-th group. By further introducing SD basis grouping for B2, each bit in B2(k) should be associated with X1X2 adjacent SD bases in the k-th group. To introduce proper spatial segmenting, X1/X2 can be 1 and 2 for N1/N2≤4 and N1/N2>4, respectively.
[image: ]
Figure 2 Illustration of enhanced CBSR B2 for Type-II codebook
Proposal 5: Regarding Rel-19 Type-I and Type-II codebook refinement, for CBSR of Type-I/Type-II codebook, support:
· For Type-I codebook, X1/X2 equals to 2 and 4 for N1/N2≤4 and N1/N2>4, respectively;
· For Type-II codebook, keep the B1B2 CBSR structure, and introduce SD basis grouping for B2;
· For Type-II codebook, X1/X2 equals to 1 and 2 for N1/N2≤4 and N1/N2>4, respectively.
2.1.5 Timeline restriction, CPU occupation, and ARC
In RAN1#116bis meeting, we reached the following agreement on timeline restriction for Type-I/Type-II codebook:
	Agreement (RAN1#116bis)
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’


In Rel-18, there are also two UE capabilities for Z/Z’ for Doppler Type-II codebook, i.e., capability 1: Z/Z’ = Z2+(K-1)m/Z2, and capability 2: Z/Z’ = Z2+(K-1)m/2Z2. Note that, the Z/Z’ for Rel-19 UE capability 1 is shorter than that for Rel-18 UE capability 1, even the supported number of antenna ports is increased. Therefore, for the timeline restriction of Doppler Type-II codebook, the UE capability 1 should be revised as Z/Z’ = Z2+(K-1)m/Z2.
Regarding CPU occupation, considering the computational complexity mainly depends on the number of aggregated CSI-RS resources Ks, the number of OCPU can be extended as Ks.
Regarding active resource counting, no necessity of enhancement is identified, and the legacy active resource counting mechanism can be reused.
Proposal 6: Regarding Rel-19 Type-I and Type-II codebook refinement, for timeline restriction, CPU occupation and active resource counting, support:
· Revising the UE capability 1 of timeline restriction for Doppler Type-II codebook as Z/Z’ = Z2+(K-1)m/Z2’;
· Extending the number of occupied CPUs as OCPU = Ks;
· Reusing legacy active resource counting mechanism.
2.2 CRIs-based CSI reporting for hybrid beamforming for up to 128 CSI-RS ports
2.2.1 Overhead reduction
In real-field hybrid beamforming, multiple analog beams are formed along the vertical direction, as shown in Figure 3. In CRIs-based CSI reporting, each CSI-RS resource is corresponding to an analog beam.
[image: ]
Figure 3 Diagram of hybrid beamforming

Typically, the analog beams are formed using a few antenna elements, e.g. 4. So, the width of these beams is very broad. To serve different areas of the cell, these beams are usually steered towards close directions. Consequently, high correlation is observed among the channels corresponding to different analog beams. By utilizing such correlation, CRI-common RI and differential wideband CQI reporting across CRIs would reduce the overhead with barely performance impact.
Proposal 7: Regarding Rel-19 CRIs-based CSI reporting, support:
· CRI-common RI reporting;
· Differential wideband CQI reporting across different CRIs.
2.2.2 CRI selection
In RAN1#116bis meeting, the following agreement was reached on CRI indication for CRIs-based CSI reporting:
	Agreement (RAN1#116bis)
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)


The intension of the FFS is that, based on the prior-knowledge at NW side, certain MR beams among the Ks beams may have higher priority over other beams, and the UE may be requested to report the CSI corresponding to such beams. However, this feature can be easily achieved by implementation. For instance, if Ks = 8, M = 4, CRI/RI/PMI/CQI associated with MR = 2 CSI-RS resources are requested be reported, NW can configure two CRIs-based CSI reports, one is configured with Ks = 2, M = 2; the other is configured with Ks = 6, M = 2. Then such enhancement is not needed.
Proposal 8: Regarding Rel-19 CRIs-based CSI reporting, NOT support NW requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources.
2.2.3 UCI mapping and omission rule
For Rel-19 CRI-based CSI refinement, one CSI report contains M CSI sub-reports associated with M CSI-RS resources. Regarding UCI mapping, the rule defined for Rel-17 NCJT can be directly reused. Regarding UCI omission for CSI part 2, the priority rule defined in Table 5.2.3-1 in TS 38.214 can be slightly modified and reused. For instance, Table 2 listed the priority levels of the quantities in CSI part 2 for CRIs-based CSI reporting. 
Table 2 Priority reporting levels for CRIs-based part 2 CSI 
	Priority
	Parameter
	UCI

	Priority 0
	For CSI sub-reports #1 to #M, part 2 wideband CSI; Group 0 CSI
	Part 2

Wideband

	Priority 1
	For CSI sub-report #1, Part 2 subband CSI of even subbands ; Group 1 CSI
	Part 2 
Subband

	Priority 2
	For CSI sub-report #1, Part 2 subband CSI of odd subbands; Group 2 CSI
	Part 2 
Subband

	...
	...
	...

	Priority 2M
	For CSI sub-report #M, Part 2 subband CSI of even subbands; Group 1 CSI
	Part 2 
Subband

	Priority 2M
	For CSI sub-report #M, Part 2 subband CSI of odd subbands ; Group 2 CSI 
	Part 2 
Subband

	NOTE: CSI sub-report #1, CSI sub-report #2, …, CSI sub-report # correspond to 1st, 2nd, …, Mth CRI reported in CSI part 1.


However, if NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources is supported, more spec efforts are required to define the UCI mapping and omission rules for the CSI corresponding to the MR and (M - MR) CSI-RS resources.
Proposal 9: Regarding Rel-19 CRIs-based CSI reporting, support
· Reusing the Rel-17 NCJT UCI mapping rule.
· Reusing the UCI omission rule defined in 5.2.3-1 in TS 38.214.
2.2.4 CBSR for CRIs-based CSI reporting
Based on the WID, the CRIs-based CSI reporting is targeting hybrid beamforming. Then each CSI-RS resource is transmitted using a different analog beam. For each analog beam, the interference probably comes from different directions. To facilitate better interference management, each CSI-RS resource should be configured with a respective CBSR. 
Furthermore, the analog beams are typically formed along the vertical direction (as shown in Figure 3). In this case, the interference distribution would be correlated along the horizontal direction across different analog beams. Such correlation can be utilized to reduce the CBSR overhead. For instance, as shown in Figure 4, the overhead reduction can be achieved by following steps
· Step 1: A common set of allowed SD bases is indicated for all M CSI-RS resource, where part of SD bases along the horizontal direction are precluded. The common set includes XN2O2 SD bases, where X is the number of allowed SD bases in the common set.
· Step 2: A specific set of allowed SD bases is indicated for each CSI-RS resource, where every specific set belongs to the common set in step 1. Note that, the overhead of CBSR is reduced from N1O1N2O2 to XN2O2 bits for each CSI-RS resource.
[image: ]
Figure 4 Overhead reduction of CBSR for CRIs-based hybrid beamforming
Proposal 10: Regarding Rel-19 CRIs-based CSI reporting, support configuring a respective CBSR for each CSI-RS resource.
· FFS: whether the overhead of CBSR can be reduced by exploiting the correlation of interference distribution across different beams.
2.2.5 Timeline, CPU occupation, and ARC
[bookmark: _Hlk165900489]For CRIs-based CSI reporting, more than one RI/PMI/CQI can be calculated and reported. So, the timeline restriction can be relaxed and the number of occupied CPU can be extended. Regarding timeline restriction Z/Z’ can be relaxed as Z/Z’ = Z2/(Z2’+w), w can be a fixed value or can also depend on the number of CSI-RS resources Ks. Regarding the number of occupied CPU OCPU, considering the computational complexity is mainly related to the number of CSI-RS resources Ks, it can be extended as OCPU = Ks.
Proposal 11: Regarding Rel-19 CRIs-based CSI reporting, for timeline, CPU occupation, and active resource counting, support:
· Relaxing the timeline restriction as Z/Z’ = Z2/(Z2’+w), where w is a fixed value or depends on the number of CSI-RS resources Ks;
· Extending the number of occupied CPUs as OCPU = Ks;
· Reusing legacy active resource counting mechanism.
3 CSI enhancement for CJT calibration 
Among items in this WID for DL and UL MIMO, the aspects for CSI enhancement for CJT deployments under non-ideal synchronization and backhaul targeting FR1 are listed as below.
	3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP delay misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH


3.1 Inter-TRP delay misalignment measurement and reporting
3.2.1 CMR for delay measurement
In RAN1#116bis meeting, the following agreement was reached on the CMR for inter-TRP delay/frequency offset measurement:
	Agreement (RAN1#116bis)
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


For each TRP, the delay is derived from a phase shift of the channel between two subcarriers, as shown in Figure 5. Assuming  and  are the channel responses for subcarriers  and , the phase shift caused by the delay  across these two subcarriers can be expressed as

where  and  are the frequencies corresponding to subcarriers  and , respectively. Therefore, for each TRP, the delay can be measured by a 1-symbol single-port RS.
[image: ]
Figure 5 Delay measurement for each TRP
It is noted that the maximum measurable delay is determined by the frequency separation  between two consecutive REs carrying the RS, i.e., . For RS configuration, all possible delays should be covered within the measurable range. However, too large measurable range would cause high RS overhead (due to high frequency density) and degraded measurement accuracy. Figure 6 shows the empirical CDF of the maximum delay offset between two TRPs, where the ISD is set as 800m. In the figure, the maximum delay offset does not exceed 5.5 us. Then for 15kHz SCS, the frequency density of the RS should be set as 1 (as shown in Figure 4), and the maximum measurable delay is .
[image: ]
Figure 6 Empirical CDF for the maximum delay offset between TRPs
Based on the above agreement, TRS is supported for delay measurement. However, one TRS set contains four CSI-RS resource with frequency density 3. Using TRS to measure the delay is clearly redundant. To avoid the redundancy and increase RS configuration flexibility, CSI-RS should be further supported for delay measurement. Besides, the measurement results could be influenced by the variation of the channel. So, the time separation between the RSs corresponding to different TRPs should be restricted, e.g., all the RSs should be distributed within 2 consecutive slots. As a more restrictive case, transmitting the RSs over different RE locations but same OFDM symbols (FDM) should also be allowed.
Proposal 12: Regarding Rel-19 CJT calibration reporting, for the CMR of delay measurement, support
· Using CSI-RS in delay measurement;
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
3.2.2 Delay quantization
In RAN1#116bis meeting, the following agreement was reached on inter-TRP delay offset quantization:
	Agreement (RAN1#116bis)
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


Assuming 15kHz SCS, the values of candidate AD are listed in Table 3. Based on the empirical CDF for the maximum delay offset shown in Figure 6, the best quantization range is  = 5.56 us. In other cases where the maximum delay offset is smaller (due to smaller ISD, e.g., 200m), the quantization range  = 2.78 is also applicable. It can be noted that, the values of  are similar to those of {CP, 0.5CP}. Considering the quantization range should be a fraction of the maximum measurable delay, AD =  are preferred.
Table 3 Values of candidate AD with 15kHz SCS
	case
	AD
	us

	1
	0.5CP
	2.34

	2
	0.75CP
	3.52

	3
	CP
	4.69

	4
	1.5CP
	7.04

	5
	2CP
	9.38

	6
	
	16.67

	7
	
	5.56

	8
	
	2.78



Figure 7 shows the SLS results of average throughput gain for MD = 32, AD = CP (baseline) or . It is shown that, the performance of AD = CP and AD =  is very close.

Figure 7 SLS results of average throughput gain for MD = 32, AD = CP (baseline) or 
Proposal 13: Regarding Rel-19 CJT calibration reporting, for inter-TRP delay offset quantization, support the following quantization ranges and numbers of quantization codepoints:
· AD = ;
· MD ={32, 64}.
3.2 Inter-TRP frequency misalignment measurement and reporting
3.2.1 CMR for frequency measurement
For each TRP, the CFO is derived from a phase shift of channel between two time instants, as shown in Figure 8. For subcarrier , assuming  and  are the channel responses at time  and , the phase shift caused by a CFO  between  and  can be expressed as

Therefore, for each TRP, a pair of 1-port RSs separated in the time domain can used to measure the CFO.
[image: ]
Figure 8 CFO measurement for each TRP
It is noted that the maximum measurable CFO is determined by the time separation  between the two RSs, i.e., . Clearly, all the possible CFOs should be covered within the measurable range. As similar to delay measurement, too large measurable range would cause degraded measurement accuracy. Considering 2GHz carrier frequency, based on RAN4’s requirement on carrier frequency drifting error (0.1 ppm), the maximum CFO offset between two TRPs is 400Hz. Then for 15kHz SCS, the time separation between the two CSI-RS resources should be set as 2 slots (as shown in Figure 8), and the maximum measurable CFO is .
Based on the above agreement on CMR, TRS is supported for CFO measurement. However, the four CSI-RS resources in the TRS set are redundant, and the fixed time separation between CSI-RS resources my cause bad CFO measurement accuracy. To enable more efficient RS configuration, CSI-RS should be supported in addition for CFO measurement. As similar to delay measurement, the time separation between RSs from different TRPs should be restricted, e.g., the RSs should be distributed with 2 (for TRS) or 4 (for CSI-RS) consecutive slots. Different RE locations of the RSs (FDM) should also be allowed.
Proposal 14: Regarding Rel-19 CJT calibration reporting, for the CMR of CFO measurement, support
· Using CSI-RS in CFO measurement;
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
3.3.2 Frequency quantization
In RAN1#116bis meeting, the following agreement was reached on inter-TRP frequency quantization:
	Agreement (RAN1#116bis)
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


Assuming 2GHz carrier frequency and 15kHz SCS, the values of candidate AFO are listed in Table 4 (a new candidate  is added). Give the maximum 0.1ppm carrier frequency error required by RAN4, the carrier frequency difference is 400Hz. Among the candidate AFO, the best choice is 0.1ppm = 400Hz or  = 437 Hz. For the TRPs with better hardware and less carrier frequency error, the AFO of 0.1ppm or  is also applicable. Considering the quantization range should be a fraction of the maximum measurable CFO, i.e.,  when TRS is used for CFO measurement, AFO =  are preferred.
Table 4 Values of candidate AFO with 15kHz SCS
	Case
	AFO
	Hz

	1
	0.01ppm
	20

	2
	0.1ppm
	200

	3
	0.2ppm
	400

	4
	SCS
	15000

	5
	SCS/2
	7500

	6
	SCS/4
	3250

	7
	SCS/8
	1625

	8
	
	3500

	9
	
	1750

	10
	
	875

	11
	
	437

	12
	
	218.75

	13
	
	27.34


Figure 9 shows the SLS results of average throughput gain for MFO = 16, AFO = 0.2ppm (baseline) or . Very close performance is observed between AFO = 0.2ppm and AFO = .


Figure 9 SLS results of average throughput gain for MFO = 16, AFO = 0.2ppm (baseline) or 
Proposal 15: Regarding Rel-19 CJT calibration reporting, for inter-TRP frequency offset quantization, support the following quantization range and numbers of codepoints:
· AFO = ;
· MD ={16, 32}.
3.3 Inter-TRP phase measurement and reporting
3.3.1 CMR for phase measurement
In RAN1#116bis meeting, the following agreement was reach on the CMR of inter-TRP phase offset measurement:
	Agreement (RAN1#116bis)
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


In inter-TRP phase offset measurement, the fluctuation of channel phase could seriously influence the measurement accuracy. So, restriction on the time separation between the RSs from different TRPs is necessary. As a starting point, the RSs can be restricted to be distributed within 2 consecutive slots. Moreover, different RE locations (FDM) should also be allowed for the RSs.
Proposal 16: Regarding Rel-19 CJT calibration reporting, for the CMR of phase offset measurement, support
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
3.4.2 Phase report format
In RAN1#116 meeting, the following agreement was reached on inter-TRP phase offset reporting:
	Agreement (RAN1#116bis)
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


For each TRP, there may exist UL/DL timing difference in addition of UL/DL phase difference. The UL/DL timing difference may be misaligned among TRPs. Such misaligned UL/DL timing differences across TRPs would result in linearly varying inter-TRP phase differences in subbands. Therefore, subband phase offset reporting is necessary. 
Regarding the report format of subband phase offsets, there exist three options:
· Option 1: The UE reports Nsubband subband phase offsets for each of the NTRP – 1 TRPs.
· Option 2: The UE reports an initial phase offset (corresponding to the 1st subband) + a phase offset change/slope over a subband for each of the NTRP – 1 TRPs. For the n-th TRP and the m-th subband, the corresponding phase offset is

where  initial phase offset for the n-th TRP, and  is the phase offset change/slope for the n-th TRP.
· Option 3: The UE reports an initial phase offset (corresponding to the 1st subband) + a timing/delay offset for each of the NTRP – 1 TRPs (multiplexing the delay offset report and the phase offset report together).
Among the three options, Option 1 is most overhead-intensive, especially when the number of subbands is large. For Option 2 and Option 3, both schemes utilize the linear variation of the subband phase offsets to reduce overhead, while Option 2 is more efficient in the aspect of report quantization. Table 5 shows the timing quantization resolution of Option 2 and Option 3, where the quantization ranges of the phase offset slope and the timing/delay offset are [0, 2π] and [0, CP], respectively. It is observed that, with a same number of codepoints, the timing quantization resolution of Option 2 is much smaller than that of Option 3. It implies that the performance of Option 2 is also better than that of Option 3. Under an assumption of 65 ns inter-TRP timing difference, Option 3 cannot even work with 64-codepoint quantization.
Table 5 The timing quantization resolution of Option 2 and Option 3 with 15kHz SCS
	Number of codepoints
	Timing quantization resolution of Option 2
(equivalent)
	Timing quantization resolution of Option 3

	32
	21.71 ns (8RB subband size)
	146.56 ns

	
	10.86 ns (16RB subband size)
	

	64
	10.85 ns (8RB subband size)
	73.28 ns

	
	5.43 ns (16RB subband size)
	


Observation 2: For subband inter-TRP phase offset reporting, the report format ‘an initial phase offset + a phase offset slope’ is more efficient/economic over the report format ‘an initial phase offset + a timing/delay offset’.
Proposal 17: Regarding Rel-19 CJT calibration reporting, support to report an initial phase offset  and a phase offset change/slope  over a subband for each TRP.
· For the n-th TRP and the m-th subband, the corresponding phase offset is

3.4 Timeline restriction, CPU occupation, and ARC
For CJT calibration reporting, timeline restriction, the number of occupied CPU(s), and the active counting mechanism need to be further specified. 
As similar to Rel-18 TDCP, the normal timeline restriction, i.e., Z/Z’ = Z2/Z2’, can be reused, but the number of occupied CPU(s) OCPU can be extended. Considering the calculation complexity mainly depends on the number of TRPs NTRP and the report multiplexing type, the OCPU can be determined as OCPU = K×NTRP, where K is determined by multiplexing type. As an example, K = 1 when only one type of CJT calibration quantities are reported, and K = 2 when type of CJT calibration quantities are reported.
For active resource counting, there is no necessity for enhancement, and the legacy mechanism can be reused.
Proposal 18: Regarding Rel-19 CJT calibration reporting, for timeline restriction, CPU occupation, and active resource counting, support:
· Reusing normal timeline restriction in legacy, i.e., Z/Z’ = Z2/Z2’;
· OCPU = K×NTRP, where K is determined by multiplexing type, and NTRP is the number of TRPs;
· Reusing legacy active resource counting mechanism.
3.5 Other potential necessary enhancements
3.5.1 CSI-RS resource refinement
In Rel-18 CSI refinement to support CJT, the inter-TRP co-phasing is introduced to eliminate the delay differences across different TRPs. The co-phasing adds a linear varying phase across different CSI subband. Within each CSI subband, the added phase remains unchanged. However, in non-ideal synchronization and backhaul scenarios, such co-phasing with the granularity of a CSI subband is not sufficient to address the strong frequency selectivity of the channel caused by the inter-TRP delay misalignment. 
In Rel 19, after introducing the inter-TRP delay misalignment reporting, most of the channel frequency selectivity would be addressed by the delay misalignment pre-compensation at TRP sides during PDSCH transmission. The residual channel frequency selectivity would be handled by the inter-TRP co-phasing in CJT CSI reporting. Then for more accurate CSI feedback, the CJT PMI/CQI should be calculated under the hypothesis that the inter-TRP delay misalignment would be pre-compensated for PDSCH transmission. One possibility to achieve this goal is that, the TRPs pre-compensate the delay misalignment based on the UE-reported information when transmitting the DL CSI-RS. However, the CSI-RS will become UE-specific, and it would greatly increase the CSI-RS resource overhead. In real deployment, such huge CSI-RS overhead is unacceptable.
To avoid such issue, the TRPs should transmit normal cell-specific DL CSI-RS. But the NW can add the delay misalignment information, which is measured and reported by the UE, into the CSI-RS resource configuration. Upon receiving the CSI-RS, the UE can calculate more accurate CJT PMI/CQI assuming that the added inter-TRP delay misalignment information will be utilized for pre-compensation in PDSCH reception.
Proposal 19: Regarding Rel-19 CJT calibration reporting, support refining CSI-RS configuration for CJT-CSI by introducing a new RRC ‘delay-pre-compensation parameter’ per CSI-RS resource.
· The UE calculates the CJT CSI/CQI through the normal CSI-RS(s), but assuming that the delay-pre-compensation parameter is used for pre-compensation in PDSCH reception.
· Note: The TRPs transmit normal cell-specific CSI-RS without delay misalignment pre-compensation.
4 Conclusion
In summary, we have the following observations and proposals for CSI enhancement for up to 128 CSI-RS ports on FR1:
Observation 1: For Type-I SP codebook refinement for RI = 5-8, scheme 2 can provide over 10% average throughput gain over scheme 1, and UE reporting the SD basis associated with the orphan layer can further provide approximately 1% average throughput gain.
Observation 2: For subband inter-TRP phase offset reporting, the report format ‘an initial phase offset + a phase offset slope’ is more efficient/economic over the report format ‘an initial phase offset + a timing/delay offset’.
Proposal 1: Regarding Rel-19 Type-I and Type-II codebook refinement, for UCI mapping and omission of Type-I SP codebook for RI = 1-4, support
· Alt2 for UCI mapping for scheme-B;
· Reusing legacy omission rule.
Proposal 2: Regarding Rel-19 Type-I and Type-II codebook refinement, for scheme-A of Type-I SP codebook for RI = 1-4, support reusing the last two columns of i1,3 table when RI = 3-4.
· FFS: whether the i1,3 table can be further extended.
Proposal 3: Regarding Rel-19 Type-I and Type-II codebook refinement, at least support scheme 2 for Type-I SP codebook refinement for RI = 5-8.
· Regarding the number of SD basis, do NOT support 4 SD bases for RI = 5-6;
· Regarding the mapping between SD bases and layers,
· reuse legacy layer pairing and layer permutation schemes;
· the SD basis applied to the orphan layer (the 5th layer for RI = 5, and the 3rd layer for RI = 7 in legacy) is reported by the UE, the rest SD bases are applied to layer pairs based on ascending SD basis index.
Proposal 4: Regarding Rel-19 Type-I and Type-II codebook refinement, support studying Type-I MP codebook, and support the following enhancement:
· Resource-common SD basis selection for each layer;
· Layer-specific inter-resource co-phase.
Proposal 5: Regarding Rel-19 Type-I and Type-II codebook refinement, for CBSR of Type-I/Type-II codebook, support:
· For Type-I codebook, X1/X2 equals to 2 and 4 for N1/N2≤4 and N1/N2>4, respectively;
· For Type-II codebook, keep the B1B2 CBSR structure, and introduce SD basis grouping for B2;
· For Type-II codebook, X1/X2 equals to 1 and 2 for N1/N2≤4 and N1/N2>4, respectively.
Proposal 6: Regarding Rel-19 Type-I and Type-II codebook refinement, for timeline restriction, CPU occupation and active resource counting, support:
· Revising the UE capability 1 of timeline restriction for Doppler Type-II codebook as Z/Z’ = Z2+(K-1)m/Z2’;
· Extending the number of occupied CPUs as OCPU = Ks;
· Reusing legacy active resource counting mechanism.
Proposal 7: Regarding Rel-19 CRIs-based CSI reporting, support:
· CRI-common RI reporting;
· Differential wideband CQI reporting across different CRIs.
Proposal 8: Regarding Rel-19 CRIs-based CSI reporting, NOT support NW requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources.
Proposal 9: Regarding Rel-19 CRIs-based CSI reporting, support
· Reusing the Rel-17 NCJT UCI mapping rule.
· Reusing the UCI omission rule defined in 5.2.3-1 in TS 38.214.
Proposal 10: Regarding Rel-19 CRIs-based CSI reporting, support configuring a respective CBSR for each CSI-RS resource.
· FFS: whether the overhead of CBSR can be reduced by exploiting the correlation of interference distribution across different beams.
Proposal 11: Regarding Rel-19 CRIs-based CSI reporting, for timeline, CPU occupation, and active resource counting, support:
· Relaxing the timeline restriction as Z/Z’ = Z2/(Z2’+w), where w is a fixed value or depends on the number of CSI-RS resources Ks;
· Extending the number of occupied CPUs as OCPU = Ks;
· Reusing legacy active resource counting mechanism.
Proposal 12: Regarding Rel-19 CJT calibration reporting, for the CMR of delay measurement, support
· Using CSI-RS in delay measurement;
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
Proposal 13: Regarding Rel-19 CJT calibration reporting, for inter-TRP delay offset quantization, support the following quantization ranges and numbers of quantization codepoints:
· AD = ;
· MD ={32, 64}.
Proposal 14: Regarding Rel-19 CJT calibration reporting, for the CMR of CFO measurement, support
· Using CSI-RS in CFO measurement;
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
Proposal 15: Regarding Rel-19 CJT calibration reporting, for inter-TRP frequency offset quantization, support the following quantization range and numbers of codepoints:
· AFO = ;
· MD ={16, 32}.
Proposal 16: Regarding Rel-19 CJT calibration reporting, for the CMR of phase offset measurement, support
· Introducing the restriction of time separation for the RS, e.g., all the RSs should be distributed within 2 consecutive slots;
· Different RE locations of the RSs (FDM).
Proposal 17: Regarding Rel-19 CJT calibration reporting, support to report an initial phase offset  and a phase offset change/slope  over a subband for each TRP.
· For the n-th TRP and the m-th subband, the corresponding phase offset is

Proposal 18: Regarding Rel-19 CJT calibration reporting, for timeline restriction, CPU occupation, and active resource counting, support:
· Reusing normal timeline restriction in legacy, i.e., Z/Z’ = Z2/Z2’;
· OCPU = K×NTRP, where K is determined by multiplexing type, and NTRP is the number of TRPs;
· Reusing legacy active resource counting mechanism.
Proposal 19: Regarding Rel-19 CJT calibration reporting, support refining CSI-RS configuration for CJT-CSI by introducing a new RRC ‘delay-pre-compensation parameter’ per CSI-RS resource.
· The UE calculates the CJT CSI/CQI through the normal CSI-RS(s), but assuming that the delay-pre-compensation parameter is used for pre-compensation in PDSCH reception.
· Note: The TRPs transmit normal cell-specific CSI-RS without delay misalignment pre-compensation.
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6 Appendix
Table 6 SLS evaluation assumption for more than 32T related Type-I/Type-II codebook
	Parameter
	Value

	Carrier Frequency
	6GHz

	Channel Model
	According to the TR 38.901
3D UMi  ISD=200m

	Antenna setup and port layouts at gNB
	- 32 ports: (M, N, P, Mg, Ng, Mp, Np) =(2,8,2,1,1,2,8)
- 64 ports: (M, N, P, Mg, Ng, Mp, Np) =(4,8,2,1,1,4,8)
- 128 ports: (M, N, P, Mg, Ng, Mp, Np) =(8,8,2,1,1,8,8)
(dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(M, N, P, Mg, Ng, Mp, Np) =(2,2,2,1,1,2,2) for RI = 5-8

(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	gNB Tx power
	46 dBm

	UE Tx power
	23dBm

	gNB antenna height
	25 m

	gNB receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol per slot, 15kHz SCS

	Bandwidth
	10MHz, 52RBs

	UE receiver
	MMSE-IRC

	Network Layout
	40 UEs per sec (in a total of 21 secs)

	PMI/CQI feedback
	Subband

	UE distribution
	20% outdoor (30km/h)

	Traffic model
	FTP

	CSI feedback delay
	5ms

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4/8 per UE

	Performance metrics
	5%-ile and Average UPT



Table 7 SLS assumptions for the performance evaluation of inter-TRP time/frequency calibration
	Parameter
	Value

	Number of antenna ports
	16T/4R

	Number of TRPs
	Up to 3

	Carrier frequency
	2GHz

	Frequency bandwidth
	52 RBs (10MHz)

	Frequency synchronization error
	0.01 ppm per TRP

	Inter-site distance
	500m/800m

	CSI-RS periodicity
	5 slots

	Feedback delay
	4 slots

	CSI subband
	4 RB & R=2




Scheme 1	Scheme 2 (A)	Scheme 2 (B)	1	1.1189	1.1268	



CP	1/(12*SCS)	1	1.0056	



0.2ppm	1/(32*Δt_symbol) 	1	0.99509999999999998	
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