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1. Introduction
In RAN plenary #102 meeting, the WI on NR MIMO Phase 5 was approved [1]. In the WI, there are five objectives. As shown in below table, objective 2 is for CSI enhancement on up to 128 CSI-RS ports, and objective 3 is for CSI enhancement on CJT.
	2. [bookmark: _Hlk146697700]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
3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH


In this contribution, we provide discussions on the CSI enhancements for up to 128 CSI-RS ports and CJT in Rel-19.
2. Codebook refinement on up to 128 CSI-RS ports
2.1 CSI resource and report configuration
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all K NZP CSI-RS resources shall be located within 1 slot or 2 consecutive slots (following legacy principle from Rel-18 Type-II CJT), and are associated with a same CSI-RS resource set:
· FFS(RAN1#116bis): Whether ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability 
· FFS (RAN1#116bis): Verify if this can be achieved without refinement on CSI-RS resource set restrictions (i.e. same CDM type, same RE density, same starting RB for 0.5 RE/RB/port density, same number of RBs, for AP-CSI-RS same slot offset). If not, the supported refinement(s)
· FFS (RAN1#116bis): Whether additional restriction(s) beyond the restrictions on the CSI-RS resources associated with a same resource set are needed (e.g. same QCL, PCoffset, PCOffsetSS)
· FFS (RAN1#116bis): Extension for Rel-19 Type-II based on Rel-18 Type-II Doppler with aperiodic CMR
Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· For AP-CSI-RS, allow resource-specific slot offset when the K NZP CSI-RS resources are located in two consecutive slots
· FFS: details on how to configure/determine the slot offsets
Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all the K>1 NZP CSI-RS resources also share the same QCL, PCoffset, and PCoffsetSS. In addition: 
· ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability
Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on the Rel-18 Type-II Doppler codebook, support the following aperiodic CMR configuration:
· A UE can be configured with KDOPP = {4, 8, 12} CSI-RS resource groups for the purpose of aperiodic CMR as needed by Type-II Doppler CSI
· The time separation between the first resources from two consecutive groups (=m) can be configured from {1, 2} 
· FFS: The need for additional restriction in time domain
· Each CSI-RS resource group comprises K NZP CSI-RS resources (K defined in previous agreements) for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks
· All the KDOPP CSI-RS resource groups are associated with a same CSI-RS resource set configuration
FFS: the determination of CSI-RS resource group that a CSI-RS resource is associated with



Based on the above agreement in RAN1#116 meeting, it was agreed that K= 2,3,4 NZP CSI-RS resources can be configured for one CSI reporting. In addition, some restrictions on K NZP CSI-RS resources were agreed in the last meeting. Regarding CSI enhancement based on Rel-18 Type-II Doppler codebooks, there are some remaining issues for CSI-RS resource configuration. In this section, we provide analyses and proposals for these remaining issues. 
In Rel-18 Type-II Doppler codebooks, only 1 P/SP CSI-RS with 32 port per resource can be configured in one CSI-RS resource set, and 4,8,12 AP CSI-RSs with 32 port per resource can be configured in one CSI-RS resource set. Also, different AP CSI-RSs are transmitted with the same time duration m. That’s mainly for AR channel prediction. Then, UE can predict and report future N4 channels and PMIs based on 1 P/SP CSI-RS or 4,8,12 AP CSI-RSs.
In the last meeting, it was agreed that KDOPP = {4, 8, 12} AP CSI-RS resource groups can be configured in one set, and each CSI-RS resource group comprises 2,3,4 NZP CSI-RS resources for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks. In that case, UE can predict N4 channels and calculate PMIs for up to 128 ports. 
The first issue is for CMR restriction based on Rel-18 Type-II Doppler codebooks. In the last meeting, it was agreed that for KDOPP AP CSI-RS resource groups, the time duration between the first resources from two consecutive groups (=m) can be configured from {1, 2}. In addition, in the last meeting, for all the codebook types, K AP CSI-RS resources can be configured within 1,2 consecutive slots. However, if the time duration is 1 slot, the K AP CSI-RS resource should be only configured within 1 slot. Otherwise, the correlation of time domain channels will be broken. Therefore, K AP CSI-RS resources in each AP CSI-RS group are only configured within 1 slot.
Proposal 1 Regarding the CMR configuration for 48,64,128 ports for Rel-18 Doppler codebook, K AP CSI-RS resources in each AP CSI-RS group are only configured within 1 slot.
The second issue is the determination of AP CSI-RS resource group that a CSI-RS resource is associated with. There are two solutions for this issue. The first solution is to provide an explicit configuration on which AP CSI-RS resource group an AP CSI-RS resource is in, e.g., KDOPP AP CSI-RS resource lists configured in CSI-ReportConfig. However, for AP CSI-RS, X1 AP CSI-RS sets can be configured. For AP CSI-RS, the overhead and complexity will be increased since X*KDOPP AP CSI-RS resource lists would be configured in one CSI-ReportConfig. The second solution is to determine the AP CSI-RS resource group by CSI-RS ordering. For example, as shown below, if K=4 AP CSI-RS resources are in one group, the first 4 AP CSI-RSs are configured for group 0, the second 4 AP CSI-RSs are configured for group 1.
[image: ]
Figure 1. Configuration on AP CSI-RS groups in one CSI-RS resource set
Proposal 2 Regarding AP CSI-RS configuration for 48,64,128 ports based on Rel-18 Doppler codebook, the associated AP CSI-RS resource group can be determined by CSI-RS ordering.
Finally, since UE needs to report N4 PMIs for predicted channels, UE computational complexity is mainly related to the number of PMIs N4, rather than the number of CMRs in one set. Moreover, regarding the UE features in Rel-18, a list of supported combinations for one CSI report setting can be reported by UE, where each combination is {Max N4, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}. The candidates of N4 are {1,2,4,8}, and the candidates of total # of Tx ports are {4, …, 256}. Thus, the maximum number of total # of Tx ports is based on 32 * Max_N4 ports, where Max_N4 is the maximum value of N4. In Rel-19, the antenna ports increase to 128 ports. If the max total # of Tx ports is expected to remain unchanged due to the UE computational complexity, N4 should be no more than 256/128=2. Considering the UE computational complexity and the feedback overhead, the candidate values for N4 can be restricted to some small values for Rel-18 Doppler codebook refinement, such as {1, 2}.
Proposal 3 Regarding Rel-18 Doppler codebook refinement for up to 128 CSI-RS ports for Rel-18 Doppler codebook, the candidate values for N4 can be restricted to some small values for Rel-18 Doppler codebook refinement, such as {1, 2}.
2.2 Type I codebook refinement 
	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

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’
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 last meeting, Scheme-A based on scheme 1 and Scheme-B based on scheme 2 were agreed for Type I SP codebook RI=1-4 in Rel-19. Scheme-A has the least feedback overhead and Scheme-B has the largest performance gain. In this section, we provide analyses and proposals for these remaining issues for Type I codebook refinement. 
The first issue is UCI design for Type I SP codebook Scheme-B. For SD basis vector selection, it should be included in CSI part 2 as legacy. If SD basis vector selection is in CSI part 1, the bitwidth will be fixed with Rimax rather than v reported by RI redundantly.  For the inter-pol co-phase selection indicator, there are two alternatives for this issue, i.e., QPSK with orthogonality constraints across v layers (Alt 1), and QPSK with 2-bit indicator per layer l=1,…,v (Alt 2). Since per layer co-phasing was agreed in last meetings, Alt 2 is more aligned with the previous agreement. Therefore, regarding Type I SP codebook Scheme-B, SD basis vector selection indicator for each layer is in Part 2 (wideband), and inter-pol co-phasing is reported per layer. 
Proposal 4 Regarding Type I SP codebook Scheme-B for 48,64,128 CSI-RS ports, SD basis vector selection indicator for each layer is in Part 2 (wideband), and inter-pol co-phasing is reported per layer.
The second issue is for RI=5-8 based on Type I SP codebook refinement. The following schemes were provided in the last agreement.
· 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 
· 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

In Rel-15, codebook for RI=5-8 is designed as subband co-phasing among 3 or 4 orthogonal beams. However, as antenna ports increase to 48,64,128 ports, the feedback overhead and UE computational complexity will be greatly increased. Therefore, fully reusing the legacy design, e.g. scheme 1 will greatly increase UE computational complexity. Compared with scheme 1, scheme 3 optimizes the process of beam selection, which can probably improve performance based on scheme1; scheme 2 follows the same codebook design as that of scheme-B for RI=1-4; For scheme 4, UE only needs to concatenate two PMIs for RI=1-4 independently, and co-phasing is not needed to be reported by UE. Scheme 4 has less spec impact and can reduce UE computational complexity. In addition, the definition of antenna group similar as Rel-15 RI=3-4 can be considered for scheme 4 to further reduce overhead and complexity. For example, two antenna groups can be configured in each PMI for RI=1-4. Therefore, scheme 4 is slightly preferred.
Proposal 5 Regarding Type I SP codebook refinement for 48,64,128 CSI-RS ports, scheme 4 is supported for RI=5-8.
The last issue is codebook design for Type I MP codebook refinement. Considering weak correlation across all antenna ports within single panel in the real deployment, antenna ports divided in multiple panels can achieve deployment flexibility. Thus, Type I MP codebook should be supported in Rel-19. In the last meeting, it was agreed that a panel is associated with a CSI-RS resource. And two schemes were provided where scheme 1 is common SD selection and scheme 2 is independent SD selection. In addition, considering different directions of each panel, independent SD selection and subband co-phasing should be supported. 
Proposal 6 For CSI enhancement for up to 48, 64, 128 CSI-RS ports, codebook refinement for Type I MP should be supported.
Proposal 7 Regarding Type I MP codebook refinement for 48, 64, 128 CSI-RS ports, scheme 2 is supported.
2.3 CPU occupation
In legacy, if K CSI-RS resources are configured in one CSI-RS set, OCPU =K for CSI measurement. In addition, for Type II codebook, K =1 CSI-RS resource can be configured in one CSI-RS set. In that case, OCPU =1.
In Rel-19, the number of ports can be increased by K times, from P=32 to P=48,64,128. Therefore, the dimension of precoder matrix is increased by K times, from P=32 to P=48,64,128. However, the complexity of SVD is from O (n^2) to O (n^3). If the number of ports increases by K times, the computational complexity of SVD increases by K3 times. Therefore, for both Type I, Type II and Type II PS codebook, OCPU = KX, where X can be up to UE capability. The candidates of X can be considered within {2, 2.5, 3}.
Proposal 8 Regarding CPU occupation for Type I, Type II and Type II PS codebook for 48,64,128 CSI-RS ports, OCPU = KX, where X can be up to UE capability. The candidates of X can be considered within {2, 2.5, 3}.
3. M-CRI reporting for hybrid beamforming 
For Rel-15 Type I codebook, 1~8 CSI-RSs can be configured in one CSI-RS resource set, and UE can select one CMR in CRI reporting and report CSI based on the selected CMR. For Rel-15~Rel-17 Type II codebook, only 1 CSI-RS can be configured in one CSI-RS resource set, thus UE only needs to report CSI based on the configured CMR without CRI reporting. For Rel-18 NES, UE can be configured with X sub-configurations in a CSI report setting, and then UE can report X CSIs based on X select CMRs.
With the increased antenna ports, hybrid beamforming is an important technology for high performance gain in FR1. Moreover, considering the limited number of the digital antenna ports, Ks CMRs can be configured in one CSI-RS resource set as in legacy, and one CSI-RS resource can be associated with an analogy beam. In Rel-19, UE can report M CSIs in CSI report(s) based on select M CMRs representing M analogy beams. Considering the UE computation complexity, the number of ports across all the resources in one set is not expected to be more than 128. Therefore, in the last meeting, the following values of Ks were supported for different maximum ports per resource.
	KS
	Maximum # ports per resource

	2, 3, 4
	32

	5, 6, 7, 8 
	16


3.1 CSI report configuration
In the last RAN1 meeting and the offline discussion before this meeting, some basic frameworks were agreed based on the following agreements and proposals. 
	Agreement
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)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, SD basis selection is independently signalled per CRI (per CSI-RS resource)
Proposal 2.A.1 in offline pre-#117: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, support the following:
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· FFS: If resource-common RI indication is also supported 
· 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


Based on the agreements in the last meetings and the offline discussion before this meeting, it is concluded that M independent CRIs, RIs, PMIs, CQIs are reported in one CSI report. In our opinion, each complete CSI information is important for gNB scheduling, especially for MU-MIMO scheduling. Therefore, M independent CSIs should be supported in Rel-19 M-CRI reporting, including resource-specific RI and non-differential CQI reporting across M CRIs.
Proposal 9 Regarding M-CRI reporting for up to 128 CSI-RS ports, M independent CSIs should be supported including resource-specific RI and non-differential CQI reporting across M CRIs.
Furthermore, one of the motivations to support M-CRI reporting is to facilitate MU-MIMO scheduling. More specifically, if two UEs have reported overlapping beams, it is beneficial to schedule them as a UE pair in DL MU-MIMO. However, if these UEs do not report any overlapping beam, MU-MIMO scheduling cannot be achieved even with M-CRI reporting. Therefore, it is important to facilitate MU-MIMO scheduling with M-CRI reporting. One solution is provided in the agreement of the last meeting. For example, gNB can configure some subsets of CMRs in advance, and then, UE must report CSIs of these CMRs. It’s benefit for MU-MIMO scheduling to ensure that gNB can schedule MU-MIMO for some UEs. In that case, if the UE must report CSIs of MR CMRs, the CRIs of MR CMRs are not needed to be reported, which can also reduce feed overhead.
Proposal 10 Regarding M-CRI reporting for up to 128 CSI-RS ports, it should be supported that gNB can pre-configured MR <M CMRs, and the CRIs of MR CMRs do not need to be reported.
3.2 CSI report configuration
CSI part I mapping order 
Based on the current specs, CSI quantities including one CRI, RI, CQI for 1st TB and for the overall number of non-zero amplitude coefficients across layers) should be reporting in CSI Part I. For Rel-19 M-CRIs, M CRIs, RIs, CQIs for 1st TB and  should be reported in CSI part I. It is also not clear how to map M CSI quantities in CSI part I among M selected CRIs. Thus, the following two omission priorities can be considered:
· Mapping order 1-1: 1st CRI > 2nd CRI>…> Mth CRI> 1st RI > 2nd RI >…> Mth RI> 1st WB CQI for TB 1> 2nd WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st CRI> 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd CRI> 2nd RI > 2nd WB CQI for TB 1> 2nd SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
In addition, if MR CMRs can be pre-configured by gNB, CRIs of MR CMRs do not need to be reported. Thus, the following two omission priorities can be considered:
· Mapping order 1-1: 1st CRI > 2nd  CRI >…> (M- MR)th CRI> 1st RI > 2nd  RI >…> Mth RI> 1st WB CQI for TB 1> 2nd  WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd  SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd  RI > 2nd  WB CQI for TB 1> 2nd  SB CQI for TB 1> >…> (M- MR+1)th CRI > (M- MR+1)th RI > (M- MR+1)th WB CQI for TB 1> (M- MR+1)th SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
If there is no MR pre-configuration, the association between the CRI and RI, CQI, #NZC is clear for one-one mapping. But compared with no MR pre-configuration, one issue should be discussed about the association between the CRI and RI, CQI, #NZC. If CRIs of MR CMRs do not need to be reported, the first MR RIs, CQIs, #NZCs should be mapped with MR pre-configured CRIs. And within MR pre-configured CRIs, simple ordering by CSI-RS indexes can be referred.
Proposal 11 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is not supported, the following mapping orders can be considered,
· Mapping order 1-1: 1st CRI > 2nd  CRI >…> Mth CRI> 1st RI > 2nd  RI >…> Mth RI> 1st WB CQI for TB 1> 2nd  WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd  SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st CRI> 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd  CRI > 2nd  RI > 2nd  WB CQI for TB 1> 2nd  SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
Proposal 12 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, the following mapping orders can be considered,
· Mapping order 1-1: 1st CRI > 2nd  CRI >…> (M- MR)th CRI> 1st RI > 2nd  RI >…> Mth RI> 1st WB CQI for TB 1> 2nd  WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd  SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd  RI > 2nd  WB CQI for TB 1> 2nd  SB CQI for TB 1> >…> (M- MR+1)th CRI > (M- MR+1)th RI > (M- MR+1)th WB CQI for TB 1> (M- MR+1)th SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
Proposal 13 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, the association between the CRI and RI, CQI, #NZC. If CRIs of MR CMRs do not need to be reported, the first MR RIs, CQIs, #NZCs should be mapped with MR pre-configured CRIs. Within MR pre-configured CRIs, simple ordering based on CSI-RS indexes can be used.
CSI part I omission 
In legacy, no UCI will be omitted in CSI part I. That’s mainly because of the low payload in CSI part I. However, for Rel-19 M-CRI, M=1,2,3,4 CSIs will be reported in one CSI report. The payload of part I will also be increased by up to 4 times. Thus, CSI part I omission could be considered in Rel-19. Associated with different mapping orders for CSI part, the different omission priorities can be also considered.
Proposal 14 Regarding M-CRI reporting for up to 128 CSI-RS ports, UCI omission for CSI part I can be considered, e.g., Part I omission by CSI per CRI.
CSI part II omission
In legacy, due to high payload in CSI part II, some UCI parameters with lower priorities could be omitted in CSI part II. The following priority is based on Rel-15-18 CSI reports.
For Type I codebook, the priority ordering is Part II WB> Part II even SB> Part II odd SB. As in legacy, if M-CSI reporting is in CSI part II, two following omission rules can be considered,
· Omission 1-1: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
· Omission 1-2: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
Proposal 15 Regarding M-CRI reporting for up to 128 CSI-RS ports, the following omission priority for Type I codebook can be considered in CSI part II,
· Omission 1-1: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
· Omission 1-2: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
For Type II codebook, 3 groups (group 0, group 1, group 2) can be defined in current specs. Group 0 of all CSI reports has the highest priority and has a higher priority than that of group 1, then group 2 has the lowest priority. As in legacy, if M-CSI reporting is in CSI part II, the following two omission rules can be considered,
· Omission 2-1: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mth CRI 
· Priority 1: Group 1 with 1st CRI 
· …
· Priority M: Group 1 with Mth CRI
· Priority M+1: Group 2 with 1st CRI 
· …
· Priority 2M: Group 2 with Mth CRI
· Omission 2-2: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mth CRI 
· Priority 1: Group 1 with 1st CRI 
· Priority 2: Group 2 with 1st CRI 
· …
· Priority 2M-1: Group 1 with Mth CRI
· Priority 2M: Group 2 with Mth CRI 
Proposal 16 Regarding M-CRI reporting for up to 128 CSI-RS ports, the following omission priority for Type II codebook can be considered in CSI part II,
· Omission 2-1: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mst CRI 
· Priority 1: Group 1 with 1st CRI 
· …
· Priority M: Group 1 with Mth CRI
· Priority M+1: Group 2 with 1st CRI 
· …
· Priority 2M: Group 2 with Mth CRI
· Omission 2-2: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mst CRI 
· Priority 1: Group 1 with 1st CRI 
· Priority 2: Group 2 with 1st CRI 
· …
· Priority 2M-1: Group 1 with Mth CRI
· Priority 2M: Group 2 with Mth CRI 
For both Type I and Type II omission in CSI part II, if no MR CMRs are pre-configured, the ordering within MR CMRs can be determined by CSI-RS indexes, and the ordering within MR CMRs can be determined by CSI-RS measurement, e.g., the strongest CMR have highest priority.
However, if MR CMRs are pre-configured, MR PMIs with MR CMRs should have higher priorities than those of M-MR PMIs. In addition, due to no CRI reporting of MR CMRs, the ordering within MR CMRs can be only determined by CSI-RS indexes.
Proposal 17 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is not supported, the ordering within MR CMRs can be determined by CSI-RS indexes, and the ordering within MR CMRs can be determined by CSI-RS measurement, e.g., the strongest CMR have the highest priority.
Proposal 18 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, MR PMIs with MR CMRs should have higher priorities than those of M-MR PMIs. In addition, due to no CRI reporting of MR CMRs, the ordering within MR CMRs can be only determined by CSI-RS indexes.
4. CSI enhancements on CJT under non-ideal sync and backhaul
In Rel-18, CSI enhancement for CJT has been supported for up to 4 TRPs by assuming ideal sync and backhaul. Type II codebook refinement for up to 4 TRPs has been supported in Rel-18, and UE can report one joint CSI based on 1-4 CSI-RSs representing 1-4 TRPs for CJT. However, for the real TRP layout and UL/DL misalignment, the delay/frequency/phase offset spread should be considered due to the different locations of different TRPs in both TDD and FDD systems. In order to eliminate the delay/frequency/phase offset spread as much as possible, Rel-19 supports to specify CSI enhancements for CJT under non-ideal sync and backhaul. 
4.1 CSI-RS resource configuration
In Rel-15, for TD/FD tracking, 2 or 4 TRSs in 2 or 4 OFDM symbols can be configured to form one TRS burst in one TRS resource set. Even if UE is configured with ‘trs-info’, UE does not perform any CSI reporting based on TRS. 
In Rel-19, for more accurate DO and FO measurement, NTRP TRS resource set representing N TRPs were supported for CJT as shown below.
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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



Firstly, considering the calculation on correlation across different times/TRSs in one set, the QCL assumptions similar as Rel-18 TDCP can be considered. For example, UE can assume that all the CSI-RS resources in the one CSI-RS resource set share the same QCL-TypeA/C and, if applicable, TypeD. 
Proposal 19 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, UE can assume that all the CSI-RS resources in one CSI-RS resource set share the same QCL-TypeA/C and, if applicable, TypeD.
Secondly, in legacy, AP TRS can be configured with a P TRS. The main purpose of AP TRS is to assist P TRS for UE tracking delay and frequency quickly. Thus, one AP TRS must be associated with a P TRS, and the same antenna port and QCL can be shared between P TRS and AP TRS. For Rel-19 DO and FO measurement, NTRP AP TRS sets can be configured. Respectively, NTRP AP TRS sets should be configured to assist P TRS sets. 
Proposal 20 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, for DO and FO measurement, NTRP AP TRS sets can be configured. Respectively, NTRP AP TRS sets should be configured to assist P TRS sets.
Finally, for DO measurements, UE needs to calculate time correlation with different TRS sets. Thus, for DO measurements, the frequency selective characteristics across N TRS sets of N TRPs should be restricted in the same bandwidth. 
Proposal 21 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, for DO measurement, all the resources across the NTRP TRS resource sets are configured within the same bandwidth.
5. Conclusions
In conclusion, we have the following proposals on Rel-19 CSI enhancements.
Proposal 1 Regarding the CMR configuration for 48,64,128 ports for Rel-18 Doppler codebook, K AP CSI-RS resources in each AP CSI-RS group are only configured within 1 slot.
Proposal 2 Regarding AP CSI-RS configuration for 48,64,128 ports based on Rel-18 Doppler codebook, the associated AP CSI-RS resource group can be determined by CSI-RS ordering.
Proposal 3 Regarding Rel-18 Doppler codebook refinement for up to 128 CSI-RS ports for Rel-18 Doppler codebook, the candidate values for N4 can be restricted to some small values for Rel-18 Doppler codebook refinement, such as {1, 2}.
Proposal 4 Regarding Type I SP codebook Scheme-B for 48,64,128 CSI-RS ports, SD basis vector selection indicator for each layer is in Part 2 (wideband), and inter-pol co-phasing is reported per layer.
Proposal 5 Regarding Type I SP codebook refinement for 48,64,128 CSI-RS ports, scheme 4 is supported for RI=5-8.
Proposal 6 For CSI enhancement for up to 48, 64, 128 CSI-RS ports, codebook refinement for Type I MP should be supported.
Proposal 7 Regarding Type I MP codebook refinement for 48, 64, 128 CSI-RS ports, scheme 2 is supported.
Proposal 8 Regarding CPU occupation for Type I, Type II and Type II PS codebook for 48,64,128 CSI-RS ports, OCPU = KX, where X can be up to UE capability. The candidates of X can be considered within {2, 2.5, 3}.
Proposal 9 Regarding M-CRI reporting for up to 128 CSI-RS ports, M independent CSIs should be supported including resource-specific RI and non-differential CQI reporting across M CRIs.
Proposal 10 Regarding M-CRI reporting for up to 128 CSI-RS ports, it should be supported that gNB can pre-configured MR <M CMRs, and the CRIs of MR CMRs do not need to be reported.
Proposal 11 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is not supported, the following mapping orders can be considered,
· Mapping order 1-1: 1st CRI > 2nd  CRI >…> Mth CRI> 1st RI > 2nd  RI >…> Mth RI> 1st WB CQI for TB 1> 2nd  WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd  SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st CRI> 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd  CRI > 2nd  RI > 2nd  WB CQI for TB 1> 2nd  SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
Proposal 12 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, the following mapping orders can be considered,
· Mapping order 1-1: 1st CRI > 2nd  CRI >…> (M- MR)th CRI> 1st RI > 2nd  RI >…> Mth RI> 1st WB CQI for TB 1> 2nd  WB CQI for TB 1 >…> Mth WB CQI for TB 1> 1st SB CQI for TB 1> 2nd  SB CQI for TB 1 >…> Mth SB CQI for TB 1> > >…> 
· Mapping order 1-2: 1st RI > 1st WB CQI for TB 1> 1st SB CQI for TB 1> > 2nd  RI > 2nd  WB CQI for TB 1> 2nd  SB CQI for TB 1> >…> (M- MR+1)th CRI > (M- MR+1)th RI > (M- MR+1)th WB CQI for TB 1> (M- MR+1)th SB CQI for TB 1> …> Mth CRI > Mth RI > Mth WB CQI for TB 1> Mth SB CQI for TB 1> 
Proposal 13 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, the association between the CRI and RI, CQI, #NZC. If CRIs of MR CMRs do not need to be reported, the first MR RIs, CQIs, #NZCs should be mapped with MR pre-configured CRIs. Within MR pre-configured CRIs, simple ordering based on CSI-RS indexes can be used.
Proposal 14 Regarding M-CRI reporting for up to 128 CSI-RS ports, UCI omission for CSI part I can be considered, e.g., Part I omission by CSI per CRI.
Proposal 15 Type I codebook can be considered in CSI part II,
· Omission 1-1: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
· Omission 1-2: Part II WB for M CRIs > Part II even SB with 1st CRI>…Part II even SB with Mth CRI> Part II odd SB with 1st CRI>…Part II odd SB with Mth CRI
Proposal 16 Regarding M-CRI reporting for up to 128 CSI-RS ports, the following omission priority for Type II codebook can be considered in CSI part II,
· Omission 2-1: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mth CRI 
· Priority 1: Group 1 with 1st CRI 
· …
· Priority M: Group 1 with Mth CRI
· Priority M+1: Group 2 with 1st CRI 
· …
· Priority 2M: Group 2 with Mth CRI
· Omission 2-2: 
· Priority 0: Group 0 with 1st CRI, Group 0 with 2nd CRI, …, Group 0 with Mth CRI 
· Priority 1: Group 1 with 1st CRI 
· Priority 2: Group 2 with 1st CRI 
· …
· Priority 2M-1: Group 1 with Mth CRI
· Priority 2M: Group 2 with Mth CRI 
Proposal 17 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is not supported, the ordering within MR CMRs can be determined by CSI-RS indexes, and the ordering within MR CMRs can be determined by CSI-RS measurement, e.g., the strongest CMR have the highest priority.
Proposal 18 Regarding M-CRI reporting for up to 128 CSI-RS ports, if MR CMRs pre-configuration is supported, MR PMIs with MR CMRs should have higher priorities than those of M-MR PMIs. In addition, due to no CRI reporting of MR CMRs, the ordering within MR CMRs can only be determined by CSI-RS indexes.
Proposal 19 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, UE can assume that all the CSI-RS resources in one CSI-RS resource set share the same QCL-TypeA/C and, if applicable, TypeD.
Proposal 20 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, for DO and FO measurement, NTRP AP TRS sets can be configured. Respectively, NTRP AP TRS sets should be configured to assist P TRS sets.
Proposal 21 For Rel-19 CSI enhancements on CJT under non-ideal sync and backhaul, for DO measurement, all the resources across the NTRP TRS resource sets are configured with the same bandwidth.
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