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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 General features for enabling up-to-128-port CSI
2.1.1 Antenna ports configuration 
In current specification, the supported number of CSI-RS antenna ports is no larger than 32. Further, the supported configurations of  are configured with the higher layer parameter n1-n2 for a given number of CSI-RS ports, and the corresponding values of  are given in Table 1.
Table 1 Rel-16 supported configurations of  and 
	
Number of 
CSI-RS antenna ports, 
	
	

	
	
	

	4
	(2, 1)
	(4, 1)

	8
	(2, 2)
	(4, 4) 

	
	(4, 1)
	(4, 1)

	12
	(3, 2)
	(4, 4)

	
	(6, 1)
	(4, 1)

	16
	(4, 2)
	(4, 4)

	
	(8, 1)
	(4, 1)

	24
	(4, 3)
	(4, 4)

	
	(6, 2)
	(4, 4)

	
	(12, 1)
	(4, 1)

	32
	(4, 4)
	(4, 4)

	
	(8, 2)
	(4, 4)

	
	(16, 1)
	(4, 1)


For Rel-19 CSI enhancement, up to 128 CSI-RS antenna ports are supported. Regarding Rel-19 Type-I/Type-II codebook refinement, the following configurations can be considered:  =  (8, 3), (8, 4), (8, 5), (8, 6), (8, 7), (8, 8), (12, 2), (12, 3), (12, 4), (16, 2), (16, 3), (16, 4), (24, 1), (24, 2), (32, 1), (32, 2), (64, 1). Based on the demand of real-field deployment, the following configurations should be prioritized:  = (8, 8), (8, 6), (8, 4), (12, 4), (12, 2), (16, 4), (16, 2).
Proposal 1: Regarding Rel-19 Type-I/Type-II codebook refinement, support the following configurations of  when the number of antenna ports is larger than 32:
·  = (8, 8), (8, 6), (8, 4), (12, 4), (12, 2), (16, 4), (16, 2).
As the number of antenna ports increases, the number of candidate Type-I/Type-II precoders would be linearly increased. Table 2 lists the number of candidate Type-I precoders for different configurations of  and . It is shown that, when the number of antenna ports is 128, the maximum number of candidate precoders would reach 8192. Such a large number of candidate precoders may lead to unacceptable computational complexity at UE side. From Table 2, it is also observed that, the candidate number of precoders can be significantly reduced with smaller oversampling factors . Considering that the candidate beams would become denser with larger number antenna ports, legacy oversampling factors  = (4, 4) may not be that necessary as before. 
Table 2 The number of candidate Type-I PMIs for different configurations of  and 
	
	
	
	
	# of ports
	# of PMIs (rank=1)
	# of PMIs (rank=2)
	# of PMIs (rank=3)
	# of PMIs (rank=4)

	12
	2
	2
	2
	48
	384
	768
	384
	384

	8
	4
	2
	2
	64
	512
	1024
	512
	512

	6
	6
	2
	2
	72
	576
	1152
	576
	576

	8
	6
	2
	2
	96
	768
	1536
	768
	768

	8
	8
	2
	2
	128
	1024
	2048
	1024
	1024

	12
	2
	4
	4
	48
	1536
	3072
	1536
	1536

	8
	4
	4
	4
	64
	2048
	4096
	2048
	2048

	6
	6
	4
	4
	72
	2304
	4608
	2304
	2304

	8
	6
	4
	4
	96
	3072
	6144
	3072
	3072

	8
	8
	4
	4
	128
	4096
	8192
	4096
	4096


SLS is conducted to evaluate the performance of 64T/72T Type-I codebook with 1, 2- and 4-time oversampling ratio, where  = (1, 1) is regarded as a baseline. Figure 1 shows the average DL throughput results. It is observed that  = (2, 2) and  = (4, 4) can provide similar performance, especially when the number of antenna ports become larger.

Figure 1 DL throughput gain (Type-I) in SU-MIMO scenario with 1, 2- and 4-time oversampling
Observation 1: When the number of antenna ports is larger than 32,  = (2, 2) and  = (4, 4) provide similar performance.
Proposal 2: Regarding Rel-19 Type-I/eType-II codebook refinement, support decreased oversampling factors, e.g., , when the number of antenna ports is larger than 32.
2.1.2 CSI-RS configuration 
Based on current specification, for Rel-15 Type-I codebook, up to 8 CSI-RS resources for channel measurement can be configured in a CSI-RS resource set. If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports; and if CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. However, for Rel-18 Type-II-CJT and Type-II-CJT-port-selection codebooks, up to 4 CSI-RS resources for channel measurement can be configured in a CSI-RS resource set, and each resource can contain at most 32 ports. For Rel-19 Type-I/Type-II codebook refinement, the CSI-RS resource configuration in Rel-18 can be considered as a baseline, and all resources in the resource set shall contain a same number of CSI-RS ports.
Proposal 3: Regarding Rel-19 Type-I/Type-II codebook refinement, the Rel-18 CSI-RS resource configuration can be considered as a baseline, i.e.,
· Up to 4 CSI-RS resources for channel measurement can be configured in a CSI-RS resource set, each resource shall contain at most 32 CSI-RS ports;
· All the resources in the resource set shall contain a same number of CSI-RS ports.
For Rel-19 Type-I/Type-II codebook refinement, the same CSI-RS ports in different CSI-RS resources should be mapped to different antenna ports to achieve up-to-128-port CSI reporting. For instance, if 4 CSI-RS resources are configured in a CSI-RS resource set, and each resource is configured with 32 CSI-RS ports, CSI-RS ports in the first to the fourth CSI-RS resources should be mapped to antenna ports {3000, 3001, ..., 3031}, {3032, 3033, ..., 3063}, {3064, 3065, ..., 3095}, {3096, 3097, ..., 3127}, respectively.
Proposal 4: Regarding Rel-19 Type-I/Type-II codebook refinement, introduce mapping between CSI-RS ports across multiple CSI-RS resources to antenna ports for Type-I/Type-II codebook refinement.
2.2 Type-I codebook refinement 
As the number of antenna ports increases, the usable beams (herein, each beam corresponds to a SD basis) becomes denser in the spatial domain, and the beam width becomes narrower. To adopt the physical changes, some essential enhancements of Type-I codebook are needed to guarantee the DL transmission performance.
In general, the following two options can be considered for the refinement of Type-I codebook:
· Option 1: structural codebook (the precoding matrix of each layer is based on one SD basis), e.g.:
· The wideband SD bases corresponding to different layers are selected independently;
· Introduce more flexible subband SD bases selection (for each layer, the subband SD basis is determined by the wideband SD basis and an offset).
· Option 2: linear combination codebook (the precoding matrix of each layer is based on a combination of multiple SD bases), e.g.:
· Both the SD basses and the combination coefficients are wideband;
· Different types of polarization share a common set of combination coefficients;
· The difference between two types of polarization is reflected by additional inter-polarization information, e.g., inter-polarization phase.
2.2.1 Structural codebook
Option 1 maintains the basic structure of Rel-15 Type-I codebook, i.e., the precoding matrix of each layer is based on a SD basis and an inter-polarization phase. Figures 2 shows the throughput gain by adopting Rel-15 Type-I codebook and directly increasing the number of antenna ports to 64 and 128. It is observed that the increase of antenna port numbers can bring significant throughput gain.

Figure 2 DL throughput gain (Type-I) in SU-MIMO scenario with 32, 64 and 128 ports
Observation 2: Significant throughput gain can be obtained by maintaining the Rel-15 Type-I codebook structure and directly increasing the number of antenna ports.
However, for Rel-15 Type-I codebook, the selection of SD bases is not flexible enough. Basically, the SD bases are selected by determining a reference basis (indicated by  and ) and one or more offset(s) (variable offset(s) for rank 1~4 which are indicated by , or fixed offsets for rank 5~8). Such SD bases selection mechanism limits that the selected SD bases should be adjacent in the spatial domain. When the number of antenna ports is small, e.g. <32, this limitation may not influence the transmission performance, because the dominant cluster(s) may be distributed in a given spatial area and the beam width is broad. As the number of antenna ports increases, the narrow SD bases may not match the widely spread clusters, and thus leads to the transmission performance degradation. One straightforward solution to address this issue is to select the SD bases independently for different layers. For instance, the following SD bases selection procedure can be adopted:
· Step 1: select a pair of indices ;
· Step 2: select L pairs of indices , where  are indicated by a combination number;
· Step 3: the L selected SD bases are determined as , where  and .
The above SD bases selection method is very similar to that adopted in Type-II/e-Type-II codebook. But the difference is that, herein each of the selected SD basis is used for a corresponding layer. Besides, the SD bases selection may depend on the configured codebookSubsetRestriction. Besides, the SD bases selection may depend on the configured codebookSubsetRestriction. After the SD bases selection, further enhancement may be needed to associate the selected SD bases with the respective layers or inter-polarization phases.
Note that, the above discussion is for wideband SD bases selection. In additional, more flexible subband SD basis selection can be considered. In Rel-15 Type-I codebook, the subband SD basis selection is only supported for rank 1~2, when the codebookMode is set to 2. The subband SD basis is selected by adding an offset to the wideband SD basis. However, the range of the offset is very limited. This could be a significant drawback when the number of antenna ports is increased, because the best beam may vary a lot across different subbands due to the narrow beam width. Therefore, more flexible subband SD basis selection is essentially needed, e.g., support subband SD basis selection for at least rank 1~4, and extend the range of subband SD basis offset.
Proposal 5: Regarding structural codebook based Rel-19 Type-I codebook refinement, the followings can be considered:
· Independently wideband SD bases selection for different layers;
· More flexible subband SD basis selection, e.g., support subband SD basis selection for at least rank 1~4, and extend the range of SD basis selection.
2.2.2 Linear combination codebook targeting MU-MIMO
As well-known, Type-I codebook is designed for SU-MIMO. However, due to UE implementation complexity and higher report overhead, the Type-II or eType-II codebooks oriented for MU-MIMO have not be used commercially. To facilitate the deployment of MU-MIMO, option 2 provides a potential solution. In option 2, the precoding matrix of each layer is based on a combination of multiple SD bases. 
· Further, both the SD bases and combination coefficients can be determined in wideband level. Across the two types of polarization, the same combination coefficients can be used, and the difference can be reflected by inter-polarization information, e.g. inter-polarization phase. The precoding matrix for the lth layer can be expressed as

where  is the wideband SD basis, is the wideband combination coefficient, and  is the inter-polarization phase.
· Generally, option 2 aims to enable MU-MIMO transmission with acceptable CSI feedback overhead. More importantly, compared with eTypeII codebook, per-subband SVD on Rxx can be prevented, and then we only need to have a wideband SVD. That means that the UE implementation complexity can be reduced significantly.
After that, SLS evaluation is performed to compare Type-I, enhanced Type-I (linear combination codebook), and eType-II codebooks. The results in figure 3 show that the enhanced Type-I (linear combination codebook) codebook provides huge throughput gain for cell-edge UE and significant throughput gain in average compared to Type-I codebook. Approximately, the performance of the enhanced Type-I codebook (linear combination codebook) is at the middle ground between Type-I and eType-II codebooks.

[bookmark: _GoBack]Figure 3 DL throughput gain (64 ports) in MU-MIMO scenario with Type-I, enhanced Type-I (option 2) and E-Type II codebooks
Observation 3: In MU-MIMO scenario, the enhanced Type-I codebook (linear combination codebook) can provide huge throughput gain for cell-edge UEs and significant throughput gain in average compared to Type-I codebook.
Proposal 6: Regarding the linear combination codebook based Rel-19 Type-I codebook refinement targeting MU-MIMO, the followings can be considered:
· The precoding matrix of each layer is based on a combination of multiple SD bases, where both the SD bases and the combination coefficients are wideband;
· The two types of polarization share a common set of combination coefficients, and the difference between the two types of polarization is reflected by additional inter-polarization information, e.g., inter-polarization phase.
2.3 Type-II codebook refinement 
For Type-II codebook refinement, Rel-16 eType-II should be considered as the baseline. Besides for increasing the supported number of antenna ports, new parameters/designs should not be introduced. However, to balance the performance and reporting overhead, new configurations for codebook parameters L, , and  need to be further studied when the antenna port number is larger than 32. Figure 4 shows the throughput gain obtained by maintaining the structure of eType-II codebook and directly increasing the number of antenna ports. It can be observed that increasing the number of antenna ports can significantly improve the performance, especially for cell-edge UEs. Detailed assumptions for the SLS can be found in Table 2 in the appendix.

Figure 4 DL throughput gain (eTypeII-based) in MU-MIMO scenario with 32, 64 and 128 ports
Proposal 7: Regarding Rel-19 Type-II code book refinement, Rel-16 eType-II should be considered as the baseline.
· No new parameters/designs should be introduced for Type-II codebook refinement, except for increasing the supported number of antenna ports;
· FFS: new configurations for codebook parameters L, , and  when the antenna port number is greater than 32.
Observation 4: The performance of eType-II codebook can be significantly improved by maintaining the legacy codebook structure and directly increasing the number of antenna ports. 
2.4 CRIs-based CSI reporting for hybrid beamforming for up to 128 CSI-RS ports
Based on current specifications, the CRI-based CSI reporting is only supported for Type-I codebook. Besides, when CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports; and if CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. As mentioned in the justification in the WID, the enhancement of having >1 CRI based CSI report is targeting MU-MIMO, then eType-II codebook should be supported firstly in CRIs-based CSI reporting. Meanwhile, the maximum allowed number of CSI-RS ports for each CSI-RS resource should be extended to 32, but the total number of CSI-RS ports across multiple CSI-RS resources should be limited to 128.
Proposal 8: Regarding Rel-19 CRIs-based CSI reporting, both Type-I and eType-II codebooks should be supported.
· Up to 8 CSI-RS resources can be configured;
· Up to a total number of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, can be configured.
We evaluate the performance of CRIs-based CSI reporting in MU-MIMO scenario by adopting eType-II codebook, where the number of the reported CRIs is set as N = 1 (legacy), 2, or 4. The throughput gain is shown in figure 5. It is observed that N = 2 can bring an obvious performance improvement compared to N = 1 (legacy), especially for cell-edge UEs. It is worth noting that, N = 4 does not performs as good as N = 2, which even performs worse than N = 1 (legacy) for cell-edge UEs. Detailed simulation assumptions for the SLS can be found in Table 3 in the appendix.

Figure 5 DL throughput gain (eType-II) in MU scenario with the number of reported CRIs: N=1 (legacy), 2, or 4 
Observation 5: Regarding the number of CSI reports N in CRIs-based CSI reporting, N = 2 is superior to N = 1 (legacy) and N = 4 with better DL transmission performance.
Proposal 9: Regarding Rel-19 CRIs-based CSI reporting, N = 2 CSI reports should be supported.
Since more than one CSI reports are involved in CRIs-based CSI reporting, it is necessary to introduce CSI compression among these CSI reports. For example, a common RI may be shared by different CSI reports, and differential CQI reporting across different CSI reports can be applied to reduce the reporting overhead.
Proposal 10: Regarding Rel-19 CRIs-based CSI reporting, the following reporting overhead reductions can be considered:
· CRI-common RI reporting;
· Differential CQI reporting across different CRIs.
3 CSI enhancement for CJT deployments 
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 time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH


[bookmark: OLE_LINK10]Figure 6 shows the architecture of m-TRP CJT. In real deployment, the non-ideal synchronization and backhaul causes inter-TRP time/frequency misalignment, and may lead to strong frequency selectivity and time variability of the channel. To ensure the CJT performance, such time/frequency misalignment needs to be measured and compensated in PDSCH transmission.

Figure 6 Diagram of CJT architecture
The benefits of inter-TRP time/frequency calibration were evaluated through SLS. Figure 7 shows the DL throughput with only time or frequency calibration and joint time and frequency calibration. It is observed that, there are approximately 6% or 7% average throughput gain with only time or frequency calibration, and approximately 17% average throughput gain with joint time/frequency calibration. The simulation assumptions can be found in Table 4 in the appendix.
Observation 6: Inter-TRP time/frequency calibration can bring significant throughput gain for CJT with non-ideal synchronization and backhaul.
[image: ]
Figure 7 DL throughput gain obtained with inter-TRP time/frequency gain
3.1 Inter-TRP time/delay misalignment measurement and reporting
[bookmark: OLE_LINK9]In real-field CJT deployment, the propagation delays from different TRPs to a UE can be different. Furthermore, the DL timing differences across different TRPs would add upon these propagation delay differences. As a result, the inter-TRP time misalignment could cause significant CJT performance degradation due to the strong frequency selectivity of the mTRP channel. To address this issue, the inter-TRP time misalignment should be measured and pre-compensated.
For inter-TRP time/delay misalignment measurement, two kinds of scenarios should be considered:
· Scenario #1: The delay is shorter than CP;
· Scenario #2: The delay is closed to or even larger than CP.
In Scenario#1, the delay would cause a linearly varying phase shift in the frequency domain. 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 through 1-port CSI-RS. Figure 8(a) gives an example where 1-port CSI-RS resource with density D = 3 is configured for each TRP, and the delay can be derived from the phase shift across two consecutive REs carrying the CSI-RS.
In Scenario #2, the long delay would cause significant inter-symbol interference (ISI). Consequently, the delay cannot be derived from the frequency-domain phase shift. For each TRP, 1-port CSI-RS resource needs to be configured, and no data should be transmitted over the RS symbol. Then the delay can be measured by transforming the RS symbol into time domain and detecting the time location of the time-domain sequence with repeated waveform. The RS configuration and delay measurement in scenario #2 are illustrated in Figure 8(b).
[image: ]    [image: ]
(a)                                         (b)
[bookmark: OLE_LINK25]Figure 8 RS configuration for (a) Scenario #1: the delay is shorter than a CP, and (b) Scenario #2: the delay is closed to or longer than a CP
Proposal 11: Regarding inter-TRP time/delay misalignment measurement, the following RS configuration can be considered:
· In the scenario where the delay is shorted than a CP, 1-port CSI-RS resource is configured for each TRP;
· In the scenario where the delay is longer than a CP, 1-port CSI-RS resource pair is configured for each TRP, and no data is transmitted over the RS symbol.
[bookmark: OLE_LINK2]Regarding the reporting format of inter-TRP time misalignment, differential reporting of the delays corresponding to multiple TRPs should be supported to reserve the reporting overhead. Assuming  is a reference delay selected from the measured delays , where  is the number of TRPs, the differential delays can be expressed as

Clearly, only the differential delays need to be reported, thereby minimizing the reporting overhead. As the next-level discussion, we can further study the reference selection (e.g., the minimum delay is always selected as the reference) and the quantization of the reported differential delays.
Proposal 12: Regarding the reporting format of inter-TRP time misalignment, support differential reporting of the delays corresponding to multiple TRPs.
· FFS: the reference selection and differential delay quantization.
3.2 Inter-TRP frequency/phase offset measurement and reporting
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In CJT, the multiple TRPs should transmit the data with an ideally consistent carrier frequency. Nevertheless, owing to the oscillator instability, there inevitable arise frequency differences across different TRPs. Moreover, the distinct Doppler shifts from different TRPs to a UE can exacerbate these inter-TRP frequency differences. Such frequency misalignment could lead to a fast-varying channel. Then the CJT performance may seriously degrade due to the limited CSI updating periodicity and unavoidable CSI feedback delay. Therefore, the inter-TRP frequency misalignment need to be measured and pre-compensated.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21]When a UE receives data transmission from multiple TRPs, a common receiving frequency is applied across all TRPs. Hence, form UE perspective, the inter-TRP frequency differences manifest as inter-TRP carrier frequency offset (CFO) differences. It is well-known that, a CFO may cause a linearly varying phase in the time domain. For subcarrier , assuming  and  are the channel responses at time  and , the phase shift caused by a CFO  between  and  can be expressed as

[bookmark: OLE_LINK24]Accordingly, to measure the CFOs corresponding to multiple TRPs, 1-port CSI-RS resource pair needs to be configured for each TRP. These two CSI-RS resources share the same subcarriers, but are separated by a time interval. The RS configuration and CFO measurement are illustrated in figure 9. It is noted that TRS can also be utilized to measure the CFOs, but the four CSI-RS resources in a TRS set can be redundant.
[image: ]
Figure 9 RS configuration for CFO measurement
Proposal 13: Regarding inter-TRP frequency offset measurement, the following RS configuration can be considered:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK1]One CSI-RS resource pair with 1 port is configured for each TRP.
[bookmark: OLE_LINK3]For the sake of overhead saving, the measured CFOs can be reported in a differential manner based on a reference. Assuming  is a reference CFO selected from the measured CFOs , the differential CFOs can be expressed as

Then only the differential CFOs need to be reported. In future discussion, the reference selection (e.g. always select the minimum CFO as the reference) and the quantization of the differential CFOs can be further studied.
Proposal 14: Regarding the reporting format of inter-TRP frequency misalignment, support reporting the differential CFOs based on a reference.
·  FFS: reference selection, and quantization of the differential CFOs.
3.3 Other issues
[bookmark: OLE_LINK5]In real deployment, it is possible that only the inter-TRP time or frequency misalignment needs to be measured and pre-compensated, or both the inter-TRP time and frequency misalignment needs to be measured and pre-compensated. Therefore, to save the RS and reporting overhead, both separate and joint reporting of the inter-TRP time/frequency misalignment should be supported.
Proposal 15: Regarding the report quantities for inter-TRP time/frequency misalignment reporting, the followings should be supported:
· “Only inter-TRP time misalignment”,
· “Only inter-TRP frequency misalignment”, and
· “Joint inter-TRP time/frequency misalignment”.
Note that, 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 time misalignment. For more accurate CSI feedback, the CJT PMI/CQI should be calculated under the hypothesis that the inter-TRP time misalignment will be pre-compensated for PDSCH reception. To achieve this, after the UE reporting the inter-TRP time misalignment information, the CJT TRPs should transmit normal CMR(s) without pre-compensation for inter-TRP time misalignment, but which can be associated with the UE-specific inter-TRP time misalignment information. Upon receiving the CMR(s), the UE can calculate the CJT PMI/CQI assuming that the associated inter-TRP time misalignment information will be utilized for pre-compensation. In other words, the inter-TRP co-phasing in CJT CSI reporting only addresses slightly additional inter-TRP delay difference after the pre-compensation.
Proposal 16: Support refining Rel-18 CJT CSI/CQI by a new hypothesis of TRP-specific time misalignment pre-compensation.
· [bookmark: OLE_LINK7]Note: UE measures CJT CSI/CQI through normal CMR(s) without TRP-specific time misalignment pre-compensation, but assuming TRP-specific time misalignment pre-compensation for PDSCH reception.
Moreover, in m-TRP CJT, to ensure that the UE can receive the PDSCH with correct QCL information, the pre-compensation of time/frequency misalignment should be reflected in the indicated TCI states.
· To indicate that only the frequency misalignment is pre-compensated, the legacy TCI indication scheme for ‘SFN scheme B’ can be reused. In other words, two TCI states (QCL-TypeA + QCL-TypeA) can be indicated, the UE shall assume that the DM-RS port(s) of the PDSCH is quasi co-located with the DL-RSs of the two TCI states except for quasi co-location parameters {Doppler shift, Doppler spread} of the second indicated TCI state.
· To indicate that only the time misalignment is pre-compensated, two TCI states (QCL-TypeA + QCL-TypeB) can be indicated, the DM-RS port(s) of the PDSCH is quasi co-located with the DL-RSs of the QCL-TypeA TCI state for quasi co-location parameters {Doppler shift, Doppler spread, Delay, Delay spread}, and quasi co-located with the DL-RSs of the QCL-TypeB TCI state for quasi co-location parameters {Doppler shift, Doppler spread}.
[bookmark: OLE_LINK6]Proposal 17: Regarding TCI state(s) indication for CJT with pre-compensation of inter-TRP time/frequency misalignment, support indicating two TCI states (QCL-TypeA + QCL-TypeB) for PDSCH reception.
· Note: it implies that the time misalignment is pre-compensated for PDSCH reception.
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: When the number of antenna ports is larger than 32,  = (2, 2) and  = (4, 4) provide similar performance.
Observation 2: Significant throughput gain can be obtained by maintaining the Rel-15 Type-I codebook structure and directly increasing the number of antenna ports.
Observation 3: In MU-MIMO scenario, the enhanced Type-I codebook (linear combination codebook) can provide huge throughput gain for cell-edge UEs and significant throughput gain in average compared to Type-I codebook.
Observation 4: The performance of eType-II codebook can be significantly improved by maintaining the legacy codebook structure and directly increasing the number of antenna ports. 
Observation 5: Regarding the number of CSI reports N in CRIs-based CSI reporting, N = 2 is superior to N = 1 (legacy) and N = 4 with better DL transmission performance.
Proposal 1: Regarding Rel-19 Type-I/Type-II codebook refinement, support the following configurations of  when the number of antenna ports is larger than 32:
·  = (8, 8), (8, 6), (8, 4), (12, 4), (12, 2), (16, 4), (16, 2).
Proposal 2: Regarding Rel-19 Type-I/eType-II codebook refinement, support decreased oversampling factors, e.g., , when the number of antenna ports is larger than 32.
Proposal 3: Regarding Rel-19 Type-I/Type-II codebook refinement, the Rel-18 CSI-RS resource configuration can be considered as a baseline, i.e.,
· Up to 4 CSI-RS resources for channel measurement can be configured in a CSI-RS resource set, each resource shall contain at most 32 CSI-RS ports;
· All the resources in the resource set shall contain a same number of CSI-RS ports.
Proposal 4: Regarding Rel-19 Type-I/Type-II codebook refinement, introduce mapping between CSI-RS ports across multiple CSI-RS resources to antenna ports for Type-I/Type-II codebook refinement.
Proposal 5: Regarding structural codebook based Rel-19 Type-I codebook refinement, the followings can be considered:
· Independently wideband SD bases selection for different layers;
· More flexible subband SD basis selection, e.g., support subband SD basis selection for at least rank 1~4, and extend the range of SD basis selection.
Proposal 6: Regarding the linear combination codebook based Rel-19 Type-I codebook refinement targeting MU-MIMO, the followings can be considered:
· The precoding matrix of each layer is based on a combination of multiple SD bases, where both the SD bases and the combination coefficients are wideband;
· The two types of polarization share a common set of combination coefficients, and the difference between the two types of polarization is reflected by additional inter-polarization information, e.g., inter-polarization phase.
Proposal 7: Regarding Rel-19 Type-II code book refinement, Rel-16 eType-II should be considered as the baseline.
· No new parameters/designs should be introduced for Type-II codebook refinement, except for increasing the supported number of antenna ports;
· FFS: new configurations for codebook parameters L, , and  when the antenna port number is greater than 32.
Proposal 8: Regarding Rel-19 CRIs-based CSI reporting, both Type-I and eType-II codebooks should be supported.
· Up to 8 CSI-RS resources can be configured;
· Up to a total number of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, can be configured.
Proposal 9: Regarding Rel-19 CRIs-based CSI reporting, N = 2 CSI reports should be supported.
Proposal 10: Regarding Rel-19 CRIs-based CSI reporting, the following reporting overhead reductions can be considered:
· CRI-common RI reporting;
· Differential CQI reporting across different CRIs.
Besides, we have the following observations and proposals for CSI enhancement for CJT deployment:
Observation 6: Inter-TRP time/frequency calibration can bring significant throughput gain for CJT with non-ideal synchronization and backhaul.
Proposal 11: Regarding inter-TRP time/delay misalignment measurement, the following RS configuration can be considered:
· In the scenario where the delay is shorted than a CP, 1-port CSI-RS resource is configured for each TRP;
· In the scenario where the delay is longer than a CP, 1-port CSI-RS resource pair is configured for each TRP, and no data is transmitted over the RS symbol.
Proposal 12: Regarding the reporting format of inter-TRP time misalignment, support differential reporting of the delays corresponding to multiple TRPs.
· FFS: the reference selection and differential delay quantization.
Proposal 13: Regarding inter-TRP frequency offset measurement, the following RS configuration can be considered:
· One CSI-RS resource pair with 1 port is configured for each TRP.
Proposal 14: Regarding the reporting format of inter-TRP frequency misalignment, support reporting the differential CFOs based on a reference.
·  FFS: reference selection, and quantization of the differential CFOs.
Proposal 15: Regarding the report quantities for inter-TRP time/frequency misalignment reporting, the followings should be supported:
· “Only inter-TRP time misalignment”,
· “Only inter-TRP frequency misalignment”, and
· “Joint inter-TRP time/frequency misalignment”.
Proposal 16: Support refining Rel-18 CJT CSI/CQI by a new hypothesis of TRP-specific time misalignment pre-compensation.
· Note: UE measures CJT CSI/CQI through normal CMR(s) without TRP-specific time misalignment pre-compensation, but assuming TRP-specific time misalignment pre-compensation for PDSCH reception.
Proposal 17: Regarding TCI state(s) indication for CJT with pre-compensation of inter-TRP time/frequency misalignment, support indicating two TCI states (QCL-TypeA + QCL-TypeB) for PDSCH reception.
· Note: it implies that the time misalignment is pre-compensated for PDSCH reception.
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6 Appendix
Table 2 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)
(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 per UE

	Performance metrics
	5%-ile and Average UPT



Table 3 SLS evaluation assumption for CRIs-based CSI reporting for hybrid beamforming
	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) =(4,24,2,1,1,4,4)
(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)
(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
	48 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 per UE

	Performance metrics
	5%-ile and Average UPT



Table 4 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

	CSI-RS periodicity
	5 slots

	Feedback delay
	4 slots

	CSI subband
	4 RB & R=2



Type-I	
5%-ile	Average	1	1	EnhancedType-I (linear combination codebook)	
5%-ile	Average	1.49203466095828	1.10513332250044	eType-II	
5%-ile	Average	1.74011648663703	1.16991315836726	






32T(N1=8, N2=2)	
5%-ile	Average	1	1	64T(N1=8, N2=4)	
5%-ile	Average	2.00746383441357	1.2844329372906	128T(N1=8, N2=8)	
5%-ile	Average	3.45175384823112	1.67847930966238	






Legacy	
5%-ile	Average	1	1	Hybrid BF with 2 beams	
5%-ile	Average	1.39659163921028	1.16167230502408	Hybrid BF with 4 beams	
5%-ile	Average	0.96819163098622	1.10477649662724	






O1=O2=1	
64T (average)	72T (average)	1	1	O1=O2=2	
64T (average)	72T (average)	1.0944	1.0545356996173	O1=O2=4	
64T (average)	72T (average)	1.1262	1.0599639238721	






32T(N1=8, N2=2)	
5%-ile	Average	1	1	64T(N1=8, N2=4)	
5%-ile	Average	1.28571308601716	1.12632303193262	128T(N1=8, N2=8)	
5%-ile	Average	1.67959836931041	1.25342127977402	
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