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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 supporting up-to-128-port CSI
2.1.1 CSI-RS configuration
In RAN1#116 meeting, we reached the following two agreements for the CSI-RS configuration with up to 128 antenna ports.
	Agreement (RAN1#116)
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed
Agreement (RAN1#116)
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.

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


Based on the WID, to support up-to-128 port CSI/PMI reporting, multiple legacy CSI-RS resources need to be aggregated to measure the channel. Then the mapping from antenna ports across different CSI-RS resources to CSI/PMI calculation should be specified firstly. Considering there may exist both Rel-19 and legacy UEs in a common cell, for the sake of CSI-RS resource saving, each of the K aggregated CSI-RS resources should usable for the legacy UEs. From this perspective, for each aggregated CSI-RS, half of its antenna ports should be mapped to the first polarization, and the other half of its ports should be mapped to the second polarization. In other words, each aggregated CSI-RS resource is transmitted using a subpanel of the BS. Then there could be two ways to aggregate the CSI-RS resources, i.e., aggregating the CSI-RS resource along the N1 direction or aggregating the CSI-RS resources along the N2 direction. To keep higher resolution of the beams along the horizontal direction (which is usually mapped to the N1 direction in implementation) for legacy UEs, these CSI-RS should be aggregated along the vertical direction (i.e., the N2 direction). For instance, assuming (N1, N2) = (8, 4), four CSI-RS resources with (N1’, N2’) = (8, 1) can be aggregated to support 64-port channel measurement.  
Proposal 1: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following port mapping scheme to facilitate the co-existence of Rel-19 and legacy UEs:
· For each of the K CMRs, half of antenna ports are mapped to the first polarization, the other half of antenna ports are mapped to the second polarization;
· The K CMRs are aggregated along the N2 direction.
Recalling the CMR restrictions in Rel-18 CJT, the  CSI-RS resources should be configured within  slots, without DL/UL switching in between the two resources, where  implies that the  resources are configured within a same slot, and  implies that the  resources are configured within two consecutive slots. For the Rel-19 Type-I/Type-II codebook refinement for up to 128 CSI-RS ports, to ensure the accuracy of channel measurement, the time separation restriction for Rel-18 CJT CMRs can be reused. Considering the Rel-19 Type-I/Type-II codebook refinement is under the scenario of single TRP, the K CSI-RS resources for CMR should be QCLed and configured within a CSI-RS resource set. In addition, one ZP/NZP IMR is sufficient for interference measurement. If interference measurement is performed based on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet. If interference measurement is performed based on NZP CSI-RS, only one resource is configured in the corresponding NZP-CSI-RS-ResourceSet for interference measurement.
However, regarding CRIs-based CSI reporting for hybrid beamforming for up to 128 CSI-RS ports, the QCL information may be distinct for different CSI-RS resource. For interference measurement, one or more ZP/NZP IMRs can be configured for CRIs-based CSI reporting, such as one-by-one mapping ZP/NZP IMR configuration.
Proposal 2: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following CMR/IMR restrictions:
· The K CMRs should be allocated within two consecutive slots.
· The K CMRs should be QCLed and configured within a CSI-RS resource set;
· Only one ZP/NZP IMR is configured.
Proposal 3: Regarding Rel-19 CRIs-based CSI reporting, support the following CMR/IMR restrictions:
· The K CMRs should be configured within a CSI-RS resource set;
· One or more ZP/NZP IMR is configured.
For Rel-18 Type-II Doppler codebook, the UE can be configured with  aperiodic CSI-RS resources in the resource set for channel measurement. The  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The K aperiodic CSI-RS resources are transmitted following the order of the CSI-RS resource IDs configured in the CSI-RS resource set. However, as the number of antenna ports is increased up to 128, multiple legacy CSI-RS resources need to be aggregated for each transmission occasion. Then the CSI resource set should contain  CSI-RS resource groups and each group should contain multiple aggregated CSI-RS resources. The time separation between the first CSI-RS resources of two consecutive groups is  slots. Moreover, the time separation between two consecutive CSI-RS resources should be same in each group, and the time separation can be X symbols, i.e., X = 2. For interference measurement resource, one ZP/NZP IMR is sufficient, as similar to Rel-18 Doppler CSI.
Proposal 4: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following aperiodic CMR configuration for Rel-18 Type-II Doppler codebook:
· The CSI resource set contains  CSI-RS resource groups;
· Each group contains up to 4 CSI-RS resources;
· The time separation between two consecutive groups is  slots;
· The time separation between two consecutive CSI-RS resources is same in each group, and the time separation can be X symbols, e.g., X = 2.
2.1.2 Oversampling factor
As the number of antenna ports increases, the number of candidate Type-I/Type-II precoders also linearly increases. Table 1 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 reaches 8192. Such a large number of candidate precoders may lead to unacceptable complexity at UE side. From Table 1, it is also observed that, the candidate number of precoders can be significantly reduced with smaller oversampling factors . Considering that the candidate beams becomes denser with larger number antenna ports, legacy oversampling factors  = (4, 4) may not be that necessary as before. 
Table 1 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)

	8
	3
	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

	8
	3
	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


As the antenna ports increase, the beam width becomes narrower, then the performance gain provided by larger oversampling factors becomes less significant, particularly when the number of antenna port P > 32. SLS is conducted to evaluate the performance of 64T/72T Type-I codebook with 1, 2- and 4-time oversampling, 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 is larger. Considering lower reporting overhead and distinct computation complexity reduction at UE side, (O1, O2) = (2, 2) should be supported.

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 port P > 32, (O1, O2) = (2, 2) can provide similar performance as (O1, O2) = (4, 4), but with lower reporting overhead and significant implementation complexity reduction.
Proposal 5: Regarding Rel-19 Type-I and Type-II codebook refinement, support (O1, O2) = (2, 2) for P > 32.
2.2 Type-I codebook refinement
2.2.1 Type-I refinement for RI = 1-4
In RAN1#116 meeting, the following candidate schemes for SP Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, were discussed.

	Agreement (RAN1#116)
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead


In the following, we elaborate our views on Type-I codebook refinement for RI = 1-4 from the perspectives of SU-MIMO and MU-MIMO, respectively.
2.2.1.1 Type-I refinement for RI = 1-4 targeting SU-MIMO
For Rel-15 Type-I codebook, the SD bases are determined by a reference basis (indicated by  and ) and one or more offset(s) (variable offset(s) indicated by  for RI = 1-4). Such SD bases selection mechanism limits that the selected SD bases are adjacent in the spatial domain. When the number of antenna ports is small, e.g. <32, it may not influence the performance, because the beam width is broad and the dominant cluster(s) may distribute within a limited spatial area. However, the limitation becomes less appropriate, when the number of antenna ports is increased, and the narrower beams may not match the distributed clusters. Therefore, independent SD basis selection for different layers should be supported.
In additional, subband SD basis selection can be further considered. In Rel-15 Type-I codebook, the subband SD basis selection is only supported for RI = 1-2 when the codebookMode is set to 2. Nevertheless, with a larger number of antenna ports and narrower beam width, the best SD basis may vary across different subbands. Then the subband SD basis selection should also be supported, at least for RI = 1-4.
The SLS is performed to evaluate the performance of scheme 1 and scheme 2. Figure 2 presents the reporting overhead and the throughput gain, where scheme 1 is set as the baseline. Compared to scheme 1, scheme 2 with M = 2 (BPSK) shows worse performance, but scheme 2 with M = 4 (QPSK) shows significantly better performance. Besides, subband SD selection provides additional performance gain for scheme 2.
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Figure 2 DL throughput gain in SU-MIMO scenario with scheme 1 (baseline), scheme 2 (M = 2), scheme 2 (M = 4), and scheme2 with additional subband SD basis selection (L = 4, M = 4)
Observation 2: It is observed from the SLS results that:
· Compared to scheme 1, scheme 2 with M = 2 (BPSK) shows worse performance, but scheme 2 with M = 4 (QPSK) shows significantly better performance;
· Subband SD basis selection provides additional performance gain for scheme 2.
Proposal 6: Regarding Rel-19 Type-I and Type-II codebook refinement, support scheme 2 for RI = 1~4 Type-I codebook design targeting SU-MIMO.
· Support M = 4 for M-PSK inter-polarization co-phasing;
· Support additional subband SD basis selection, i.e., L = 4.
With the evolution of 5G, more antenna ports may be applied (e.g. up to 128 ports), and both single-panel and multiple-panel structures can be adopted in the future. Clearly, single-panel structure can provide better performance due to narrower beam width, but it can also lead to higher cost of manufacture. Then the multi-panel structure seems a good tradeoff between performance and costs. So, the extension of Rel-15 Type-I MP codebook can be considered.
Proposal 7: Regarding Rel-19 Type-I and Type-II codebook refinement, the extension of Rel-15 Type-I MP codebook can be considered.
2.2.1.2 Type-I refinement for RI = 1-4 targeting MU-MIMO
As well-known, Type-I codebook is designed for SU-MIMO. However, due to UE implementation complexity and higher report overhead, Type-II/eType-II codebooks oriented for MU-MIMO have not be used commercially. To facilitate the deployment of MU-MIMO, scheme 3 (with opt 2 for W2 structure) provides a potential solution. In scheme 3, 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, scheme 3 aims to enable MU-MIMO transmission with acceptable CSI feedback overhead. More importantly, compared with eType-II 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 the performance of scheme 3 and Type-I/eType-II codebooks. The results in Figure 3. It shows that scheme 3 provides huge throughput gain for cell-edge UE and significant throughput gain in average compared to Type-I codebook. Approximately, the performance of scheme 3 is at the middle ground between that of Type-I and eType-II codebooks.
 
Figure 3 DL throughput gain (64 ports) in MU-MIMO scenario with scheme 3 and Type-I/eType-II codebooks
Observation 3: In MU-MIMO scenario, scheme 3 can provide huge throughput gain for cell-edge UEs and significant throughput gain in average compared to Type-I codebook.
Proposal 8: Regarding Rel-19 Type-I and Type-II codebook refinement, support scheme 3 for RI = 1~4 Type-I codebook design targeting MU-MIMO.
· Regarding W2 structure, support opt 2, i.e., layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient.
2.2.2 Type-I refinement for RI = 5-8
In legacy Type-I codebook, the SD basis offsets of different layers is fixed for RI = 5-8, which cannot effectively utilize the spatial dimension information of the channel. As the number of antenna ports increases, the spatial distribution of channels becomes sparser, making this issue more significant. One straightforward solution to address this issue is to select the SD bases independently for different layers (e.g. reuse the structure of RI=1-4). 
However, independent selection of SD basis for each layer for RI = 5-8 will result in a significant increase in overhead. In order to solve this issue, in legacy Type-I codebook, one common SD basis is applied to two layers, and layer multiplexing via orthogonal polarization co-phasing is adopted for the two layers. We can reuse this design for Type-I refinement for RI = 5-8. For instance, the following SD basis selection and multiplexing procedure can be adopted：
· Step 1: select a pair of indices ;
· Step 2: independently select  SD bases for RI = v;
· The L SD bases are selected from N1N2 orthogonal SD base via a combination number
· One indicator of log2(L) bits to indicate which SD basis is used for only one layer
· Step 3: One SD basis is applied to two layers except for an orphan layer if any.
· Note: All SD bases are used for two layers when 
For instance, the precoding matrix for RI=5 can be simply described by following formula:

where , the SD bases , ,  are selected independently, and an indicator is used to indicate which SD basis (e.g. ) is used for only one layer, the other SD bases are used for two layers (e.g.  and ). If one SD basis is used for two layers, additional phase rotation of  is applied to the inter-polarization co-phasing between the two layers.
The SLS is performed to compare the legacy Type-I codebook and enhanced Type-I codebook (SD basis independent selection and multiplexing codebook) when the maximum RI = 8. The results in Figure 4 shows that, the enhanced Type-I (SD basis independent selection and multiplexing codebook) provides significant gain for cell-edge UEs and significant gain in average compared to the legacy Type-I codebook.

Figure 4 DL throughput gain (64 ports) in SU-MIMO scenario with Type-I and enhanced Type-I (SD basis independent selection and multiplexing) codebooks 
Observation 4: In SU-MIMO scenario, when the maximum RI = 8, the enhanced Type-I (SD basis independent selection and multiplexing) codebook provides significant gain compared to Type-I codebook.
Proposal 9: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following Type-I codebook design for RI = 5~8:
· W1 structure:
· Independently selection of different  SD bases for RI = v, where each SD basis is applied to two respective layers except that, if v is odd, the last SD basis is applied to the orphan layer.
· W2 structure:
· M-PSK inter-polarization co-phasing, e.g, M = 4;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis.
2.2.3 Type-I CBSR refinement
For legacy Type-I coodebook, each bit in the CBSR is associated with a single SD basis. With the number of antenna ports increases, e.g. >32, the overhead of CBSR would be linearly increased. e.g., compared to 32 CSI-RS ports, the configuration overhead for 128 CSI-RS ports is increased by four times. As the number of the antenna ports increases, the CBSR granularity becomes finer, but the finer granularity may not necessarily bring effective performance gains. 
For example, our recent simulation results indicate that (see Section 4), due to the DFT basis structure of Type1 codebooks, many consecutive SD basis vectors will not be selected in practical applications, and the proportion of these basis vectors is almost independent of the beam granularity when CSI-RS ports >32. Considering the coexistence of 5G and satellite communication systems, many consecutive beams towards the sky should also not be selected. Thus, maintaining the current CBSR granularity may be a cost-effective option. 
As shown in Figure 5, the following method can be adopted to map multiple consecutive SD basis vectors to one bit of the CBSR：
· Step 1: Determine the grid size indices ;
· Step 2: N1O1N2O2 SD bases is divided into  groups;
· Step 3: each bit in the CBSR is mapped to a group.
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Figure 5 CBSR refinement for Type-I codebook 
[bookmark: _Hlk163152951]Proposal 10: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following hard CBSR refinement for Type-I codebook to reduce the RRC overhead:
· Each bit in the CBSR is associated with a set of X1X2 SD bases, where the set includes X1 SD bases along the N1 direction and X2 SD bases along the N2 direction.
2.3 Type-II codebook refinement 
	Agreement (RAN1#116)
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I


In current specification TS 38.214 in Clause 5.2.2.2.3, the L SD basis selection indication for Rel-16 eType-II design is shown as follow
	5.2.2.2.3	Type II Codebook


The L vectors combined by the codebook are identified by the indices  and , where

	

	.


For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, the value of N1N2 is more than 16. In this way, the combinatorial value C(x,y) with  and  in Table 5.2.2.2.3-1 of TS 38.214 is out of range for Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, based on the legacy algorithm of SD selection indication. In order to solve the problem with legacy range of combinatorial value C(x,y), we propose the following method for SD selection indication:
· Step1: N1N2 orthogonal SD basis are selected from the N1O1N2O2 SD basis;
· Step2: the N1N2 SD basis are made up of G groups;
· Step3: H groups are selected from the G groups;
· Step4: the L SD basis are selected from the H groups.
When the value of G groups and the total number of SD basis in the H groups are less than 16, the combinatorial value C(x,y) with  and  in Table 5.2.2.2.3-1 of TS 38.214 can be reused for Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports. For example, in Figure 6, N1=8, N2=8, L=4, the 64 SD basis are made up of 16 groups in Step 2 and each group is made up of 4 SD bases. Then 4 groups are selected from the 16 groups in Step 3. Finally, the 4 SD basis (a, b, c, d) marked in yellow, are selected from the 4 groups in Step 4. 
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	Step 2
	Step 3
	Step 4


Figure 6 The method for SD selection indication for the Rel-19 Type-II codebook refinement
Therefore, the combinatorial value C(x,y) in the current specification can be reused for Rel-19 Type-II codebook, by splitting the N1N2 orthogonal SD bases into appropriate groups.
Regarding the parameter combinations, down selection of legacy PCs can be considered to balance the performance and overhead or UE complexity.
Proposal 11: Regarding the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, support:
· Splitting the N1N2 orthogonal SD basis into a number of groups for SD selection indication;
· Down selection of legacy codebook parameter combinations to balance the performance and overhead or UE complexity.


In current specification, the CBSR for Type-II codebook includes a bit sequence . The bit sequence  is the concatenation of the bit sequences  for , corresponding to the group indices , where the bit sequence  is defined as . Based on this CBSR construction, each two bits  are associated with only one SD basis in group  indexed by . As the number of antenna ports increases up to 128 CSI-RS ports, the signaling overhead of the CBSR for Rel-19 Type-II codebook refinement would be significantly increased. Considering the signaling overhead and computation complexity at UE side, each two bits in  can be associated with multiple SD bases. As shown in Figure 7, each two bits in  are associated with a set of X1X2 SD bases in the group , where the set includes X1 SD bases along the N1 direction and X2 SD bases along the N2 direction.
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Figure 7 CBSR refinement for Type-II codebook
Proposal 12: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following soft CBSR refinement for Type-II codebook to reduce the RRC overhead:
· Each two consecutive bits in the bit sequence B2 is associated with a set of X1X2 SD bases, where the set covers X1 SD bases along the N1 direction and X2 SD bases along the N2 direction in the corresponding SD basis group.
2.4 CRIs-based CSI reporting for hybrid beamforming for up to 128 CSI-RS ports
In RAN1#116 meeting, we reached the following two agreements on CRIs-based CSI reporting.
	Agreement (RAN1#116)
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook
Agreement (RAN1#116)
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type


As mentioned in the WID, the enhancement of supporting >1 CRI based CSI report is targeting MU-MIMO. For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, eType-II codebook should be supported in CRIs-based CSI reporting. 
We evaluate the performance of CRIs-based CSI reporting by adopting Type-I and eType-II codebooks, where the number of the reported CRIs is set as M = 2. The throughput gain is shown in Figure 8. It is observed that Rel-19 CRI-based CSI refinement can bring an obvious performance improvement compared to legacy CSI based on both Type-I codebook and eType-II codebook, especially for cell-edge UEs. Detailed simulation assumptions for the SLS can be found in Table 4 in the Appendix.
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Figure 8 DL throughput gain for Rel-19 CRI-based CSI refinement: M=2, X=4 and Ks=4
Proposal 13: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), support Alt2.
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook;
Considering the signaling overhead and computation complexity at UE side, X = 2 for eType-II codebook can be considered as a starting point and X = 4 for Type-I codebook can be supported. With X > 1, it is beneficial for gNB to schedule the analog beam for all the serving UEs and perform MU-MIMO under a same analog beam to improve the throughput. Regarding the parameter M, it should be configured by the network.
Proposal 14: Regarding Rel-19 CRIs-based CSI reporting, support:
· X = 2 for Rel-16 eType-II codebook;
· X = 4 for Rel-15 SP Type-I codebook;
· M is configured by the network.
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, differential CQI reporting across different CSI reports can be applied to reduce the reporting overhead.
Proposal 15: Regarding Rel-19 CRIs-based CSI reporting, support the following overhead reduction scheme:
· Differential wideband CQI reporting across different CRIs.
Moreover, for Type-I codebook, we count the offset of i1,1 and i1,2 among different CRIs, the cumulative distribution function (CDF) of the offset is shown in Figure 9. Furthermore, we show the distribution of SD bases and FD bases for different CRIs for eType-II codebook in Figure 10. It is observed that the i1,1 and i1,2 for type-I codebook and the SD/FD bases for Type-II codebook are highly correlated across different CRIs. Then some further overhead reduction can be considered base on this feature.
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Figure 9 CDF of the offsets of i1,1 and i1,2 between different CRIs for Type-I codebook
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Figure 10 Distribution of SD and FD bases for different CRIs for Type-II codebook
Observation 5: Across different CRIs, high correlation is observed for the following Type-I/Type-II codebook parameters:
· i1,1 and i1,2 for Type-I codebook;
· SD/FD bases for Type-II codebook.
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


Figure 11 shows the architecture of m-TRP CJT. In FDD mode, the non-ideal synchronization and backhaul would cause inter-TRP delay/frequency misalignment, and may lead to strong frequency selectivity and time variability of the channel. In TDD mode, the DL precoder is determined according to UL channel measurement. The misalignment of UL/DL phase difference among TRPs may break the reciprocity assumption. To guarantee the CJT performance, such delay/frequency/phase misalignment needs to be measured and compensated.
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Figure 11 Diagram of CJT architecture
The benefits of inter-TRP delay/frequency calibration were evaluated through SLS. Figure 12 shows the DL throughput with separate or joint delay and frequency calibration. It is observed that, there are approximately 6% or 7% average throughput gain with only delay or frequency calibration, and approximately 17% average throughput gain with joint delay/frequency calibration. The simulation assumptions for CJT calibration can be found in Table 5 in the appendix.
Observation 6: Inter-TRP delay/frequency calibration can bring significant throughput gain for CJT with non-ideal synchronization and backhaul.
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Figure 12 DL throughput gain obtained with inter-TRP delay/frequency gain
3.1 General features for CJT calibration reporting
In RAN1#116 meeting, we reached the following agreement on the framework of CJT calibration reporting.
	Agreement (RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)


Regarding the configuration of N, we prefer Opt1, i.e., UE reports for all the configured NTRP CSI-RS resources/resource sets (N = NTRP). With the knowledge of all the information, it enables the gNB to better perform CJT pre-compensation and TRP selection. Besides, since the reporting information is limited for one CSI-RS resource/resource set, Opt1 does not increase much reporting overhead, especially considering the CJT calibration reporting is aperiodic.
Proposal 16: Regarding Rel-19 CJT calibration reporting, support
· Opt1: The UE reports for all the configured NTRP CSI resources/resource sets.
In RAN1#116 meeting, we reached the following three agreements on inter-TRP delay/frequency/phase reporting.
	Agreement (RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption
Agreement (RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration
Agreement (RAN1#116)
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design


For inter-TRP delay/frequency/phase reporting, it is natural that the nref should be selected by UE and included in the report. Then the UE would always select the minimum delay/frequency/phase as reference, and the quantization range would be . Otherwise, if nref is NW-configured or fixed, and the quantization range is , it could lead to low quantization efficiency and high reporting overhead.
Proposal 17: Regarding Rel-19 CJT calibration reporting, for inter-TRP delay/frequency/phase reporting, support
· nref is selected by UE and included in the report;
· The quantization range is .
3.2 Inter-TRP delay misalignment measurement and reporting
3.2.1 CMR for delay measurement
In real-field deployment, the delay between a TRP and a UE is caused by the following two factors:
· The timing drifting due to the oscillator jitter;
· The propagation delay between the TRP and the UE.
For each TRP, 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, a 1-port CSI-RS can be configured for each TRP, and the delay can be derived from the phase shift between two REs carrying the CSI-RS.
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, it should be guaranteed that all the possible delays are covered in the measurable range. Figure 13 shows the empirical CDF of the maximum delay offset between TRPs, where the ISD is set as 500m. In the figure, the maximum delay offset does not exceed 3.5 us. Then for 15kHz SCS, the density of the RS can be set as 1 (as shown in Figure 14), and the maximum measurable delay is .
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Figure 13 Empirical CDF for the maximum delay offset between TRPs
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Figure 14 RS configuration for inter-TRP delay measurement
Proposal 18: Regarding Rel-19 CJT calibration reporting, support to use a 1-port CSI-RS to measure the delay corresponding to each TRP.
3.2.2 Delay quantization
Based on above analysis, the range of the delay offsets between different TRPs is mainly determined by the oscillator jitter and the inter-site distance (ISD). Therefore, the delay offset range may vary across different cells, and the NW has better knowledge of the range than the UE. Naturally, the delay quantization range should be configured by the NW. Then there are two options for the quantization range configuration:
· Option 1: The NW explicitly configures the quantization range via RRC, and the unit is CP or microsecond;
· Option 2: The NW implicitly configures the quantization range by RS configuration. i.e., the quantization range is the maximum measurable delay .
Proposal 19: Regarding Rel-19 CJT calibration reporting, the delay quantization range is configured by NW, and the following two options can be considered for the quantization range configuration:
· Option 1: The delay quantization range is explicitly configured by RRC, and the unit CP or a microsecond.
· Option 2: The delay quantization range is implicitly configured by RS configuration, i.e., the delay quantization range is , where  is the frequency separation between two consecutive REs carrying the RS.
According to the results in Figure 13, a delay quantization range of one CP (4.75 us @15kHz) is sufficient for the case where the ISD is 500m. We further evaluate the performance of delay pre-compensation by setting the quantization range as one CP (4.75 us @15kHz SCS), and the quantization bitwidth as 2~6. The SLS results are shown in Figure 15. It is suggested that the UPT gain becomes saturated when the bitwidth reaches 3. Therefore, the appropriate bitwithd for delay quantization is 3.

Figure 15 UPT gain with the delay quantization range set as one CP (4.75 us @15kHz) and the quantization bitwidth set as 2~6
Observation 7: The performance of delay pre-compensation becomes saturated when the delay quantization bitwidth reaches 3.
Proposal 20: Regarding Rel-19 CJT calibration reporting, the delay offsets can be quantized by 3 bits as a starting point.
3.3 Inter-TRP frequency misalignment measurement and reporting
3.3.1 CMR for frequency measurement
In CJT, the TRPs should transmit the data with a consistent carrier frequency. However, there inevitably arise frequency differences due to:
· The frequency drifting owning to the oscillator central frequency error;
· The distinct Doppler shifts from different TRPs to a UE.
When a UE receives data transmitted 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 would 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

Accordingly, a pair of 1-port CSI-RS resources can be configured for each TRP to measure the CFO. The two CSI-RS resources share the same subcarriers, but are separated by a time interval.
It is noted that the maximum measurable CFO is determined by the time separation  between the two CSI-RS resources, i.e., . Clearly, all the possible CFOs should be covered within the measurable range. Based on the assumptions of CJT calibration, the maximum CFO offset between TRPs is approximately 500Hz (400Hz caused by oscillator drifting and 100Hz caused by Doppler shifts). Then, for 15kHz SCS, the time separation between the two CSI-RS resources can be set as 2 slots (as shown in Figure 16), and the maximum measurable CFO is .
[image: ]
Figure 16 RS configuration for inter-TRP frequency measurement
Proposal 21: Regarding Rel-19 CJT calibration reporting, UE shall assume that the measured and reported per-TRP frequency offsets include Doppler shift (if exists).
Proposal 22: Regarding Rel-19 CJT calibration reporting, support to use a pair of 1-port CSI-RSs to measure the CFO corresponding to each TRP.
3.3.2 Frequency quantization
Considering the Doppler shift is relatively small due to slow UE moving speed in CJT scenario, the maximum CFO is mainly determined by the oscillator central frequency error. Since the NW has better knowledge of the carrier frequency drifting than the UE, it is natural that the frequency quantization range should be configured by the NW. Then there are two options for the quantization range quantization:
· Option 1: The NW explicitly configures the frequency quantization range via RRC, and the unit is ppm or Hz;
· Option 2: The NW implicitly configures the frequency quantization range by RS configuration, i.e., the quantization range is the maximum measurable CFO .
Proposal 23: Regarding Rel-19 CJT calibration reporting, the frequency quantization range is configured by NW, and the following two options can be considered for the quantization range configuration:
· Option 1: The frequency quantization range is explicitly configured by RRC, and the unit is 0.01 ppm or Hz.
· Option 2: The frequency quantization range is implicitly configured by RS configuration, i.e., the frequency quantization range is , where  is the time separation between two RSs.
Besides, we did not see the essential difference between discrete quantization (Alt 1) and interval quantization (Alt 2). For the sake of simplicity, discrete quantization is slightly preferred. Moreover, there is no exceeding CP issue for frequency reporting, and the ‘out of range’ or ‘invalid’ codepoint is not needed for frequency quantization.
Proposal 24: Regarding Rel-19 CJT calibration reporting, support Alt 1 for frequency quantization.
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO.
Proposal 25: Regarding Rel-19 CJT calibration reporting, the ‘out of range’ or ‘invalid’ codepoint is not needed for frequency quantization.
We evaluated the performance of frequency pre-compensation by setting the quantization range as 500Hz, and the quantization bits as 2~6. The SLS results are shown in Figure 17. It is observed that the performance gain becomes less significant after the quantization bits exceeding 4. Then the appropriate bitwidth for frequency quantization is 4.  

Figure 17 UPT gain with the frequency quantization range set as 500Hz and the quantization bitwidth set as 2~6
Observation 8: The performance of frequency pre-compensation becomes saturated when the frequency quantization bitwidth reaches 4.
Proposal 26: Regarding Rel-19 CJT calibration reporting, the CFO offsets can be quantized by 4 bits as a starting point.
3.4 Inter-TRP phase measurement and reporting
In RAN1#116 meeting, it is agreed to study whether inter-TRP phase reporting is needed to maintain the reciprocity assumption in TDD CJT. In real deployment, there exists certain phase difference between UL and DL transmission for one TRP. Such UL/DL phase difference could be misaligned among the TRPs. Then it could lead to asymmetric UL/DL CJT channel. In other words, the reciprocity assumption could be broken. Since CJT is an important feature in TDD mode, introducing inter-TRP phase reporting is necessary.
Proposal 27: Regarding Rel-19 CJT calibration reporting, support inter-TRP phase reporting for reciprocity calibration in TDD.
3.4.1 CMR restriction for phase measurement
For inter-TRP phase reporting, the UE first transmits UL SRS, and then the TRPs transmit DL CSI-RSs. After the UE receives the DL CSI-RSs, it measures and reports the phase offsets among TRPs. If the DL CSI-RSs are transmitted at different time locations, the channel fluctuation and the UE mobility may introduce additional unwanted phases in the measurement. Therefore, to ensure the accuracy of inter-TRP phase measurement, the DL CSI-RS should be transmitted within a limited time interval. As a starting point, a time interval of 2 slots can be considered.
Proposal 28: Regarding Rel-19 CJT calibration reporting, the CSI-RSs for inter-TRP phase measurement should be transmitted with a limited time interval, e.g., 2 slots.
3.4.2 Phase report format
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, reporting subband phases is necessary for inter-TRP phase reporting. However, reporting subband phases can incur significant overhead, especially when the bandwidth is wide and the number of antenna ports is large.
A more efficient way for phase reporting is that, the UE reports an initial phase offset  and a phase offset change/slope  over a subband for each TRP. Then for the n-th TRP and the m-th subband, the corresponding phase offset is

Proposal 29: 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

3.5 Multiplexing among the report quantities
In some cases, the inter-TRP delay/frequency/phase information can be multiplexed together in the report. A basic rule for multiplexing the quantities is that, the information that may be used in a same mode (FDD or TDD) can be multiplexed together.
It is worth pointing out that, although inter-TRP phase reporting is proposed to calibrate the reciprocity in TDD, it can also be used in FDD to facilitate CJT. In Rel 18, CSI refinement for CJT is supported. However, due to the implementation complexity, the CJT codebook may not be commercially used in a short time. Then for the UEs that only support Rel-15 Type-I or Rel-16 eType-II codebooks, they can report a PMI and a phase offset for each TRP. Although there could be some performance degradation, the CJT precoding can be performed based on the reported PMIs and phase offsets. 
Based on above analysis, all the inter-TRP delay/frequency/phase information can be used in FDD mode, and only the inter-TRP phase information can be used in TDD mode. Hence, at least the following report quantities should be supported for Rel-19 CJT calibration reporting: 
· “Inter-TRP delay information only”,
· “Inter-TRP frequency information”,
· “Inter-TRP phase information”,
· “Inter-TRP delay information and phase information”,
· “Inter-TRP delay information and frequency information”, and
· “Inter-TRP delay information and frequency information and phase information”.
Proposal 30: Regarding Rel-19 CJT calibration reporting, support at least the followings report quantities:
· “Inter-TRP delay information only”,
· “Inter-TRP frequency information”,
· “Inter-TRP phase information”,
· “Inter-TRP delay information and phase information”,
· “Inter-TRP delay information and frequency information”, and
· “Inter-TRP delay information and frequency information and phase information”.
3.6 Other potential necessary enhancements
3.6.1 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 31: 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.
3.6.2 New QCL assumption for CJT pre-compensation
In CJT, to ensure that the UE can receive the PDSCH with correct QCL information, the pre-compensation of delay/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 delay 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}.
Proposal 32: Regarding Rel-19 CJT calibration reporting, support indicating two TCI states (QCL-TypeA + QCL-TypeB) for PDSCH reception.
· Note: It implies that the delay misalignment is pre-compensated for PDSCH reception.
4 Advanced enhancements on deactivating redundant spatial basis 
[bookmark: OLE_LINK8]The SD basis for UPA are defined as the Kronecker product of two DFT vectors in TS 38.214. While the Kronecker-product precoding facilitates the concise indexing of the SD basis by precoding matrix indicators (PMIs) in CSI feedback, it also introduces redundant SD basis characterized by high spatial-frequency components. A high spatial-frequency SD basis (HSFSD basis) represent an electromagnetic field distribution with higher wave-number than the free-space ones, i.e.,
                                   ⑴
A field distribution with  is recognized as an evanescent wave and it does not contribute to far-field propagation [1-3] and they do not match any physical channel. The high spatial-frequency SD basis arise due to the fact that the physical angle constraint is abandoned in the Kronecker-product type codebook. This issue will be elaborated in the following discussion.
The physical channel of a ray corresponding to an AOD  in the reference spherical coordinate system as shown in Figure 18 can be expressed as
                ⑵
while the Kronecker-product precoding reads
⑶
The comparison between equations (2) and (3) yields
                                        ⑷
where
       ⑸
The spacing of adjacent antenna units in the UPA are assumed to be 0.5λ in the above derivation. In fact, equation (4) is equivalent to  as  and , which can be inferred from equation (2).
[image: ]
Figure 18 Diagram of reference spherical coordinate system.
It is clear that the range of beam indices l and m should be limited according to equation (4). The SD basis whose index (l,m) does not satisfy equation (4) are HSFSD basis and they should be deactivated since they do not represent any physical channel and hence it will not be selected by any UE unless the SD basis selection is performed under low SNR or low SINR circumstances. However, when Kronecker-product is applied to form the SD basis in TS 38.214, every SD basis is assumed to have the same probability to be chosen for CSI feedback. Figure 19 shows an example of the HSFSD basis region in a codebook with N1=N2=8, O1=O2=4. Obviously, the SD basis in the HSFSD basis region does not have compatible beamforming gain in contrast with that of the one outside this region. If an FFT shift is performed on the codebook, the low spatial-frequency SD bases form a circular region, which is the same as in [1-3], and the ratio of the HSFSD basis region to the whole codebook region is 1-π/4 in theory. This unnecessary redundancy will be more obvious with larger N1, N2. It should be resolved to reduce the complexity and the overhead of signaling. In some case, the range of  may be a subset of  and can be known by the base station in advance according to its average, the equation (4) can be further replaced with , then more SD bases can be deactivated. 
[image: ]
Figure 19 Typical HSFSD basis region in a codebook with 32x32 beams and the corresponding beam patterns of two SD basis in and outside the HSFSD basis region.
Significant overhead reduction can be achieved if the HSFSD basis are excluded in the CBSR signaling, as it is shown in Table 2. Moreover, the restriction of HSFSD bases leads to a speedup for SD basis selection due to the compression of the SD basis space and memory saving at the UE side and base station side.
The system performance is not degraded with the restriction, according to our simulations which are shown in Figure 20 and Figure 21. 
Table 2 Overhead reduction in CBSR signaling  
      
	Number of ports
	,)
	Number of bits using Old bitmap
	Number of bits using New bitmap
	Overhead reduction ratio

	48
	(8, 3)
	384
	291
	24.2%

	
	(6, 4)
	384
	295
	23.2%

	64
	(16, 2)
	512
	383
	25.2%

	
	(8, 4)
	512
	391
	23.6%

	128
	(16, 4)
	1024
	787
	23.1%

	
	(8, 8)
	1024
	795
	22.4%



 
Figure 20 SLS simulation result: 5%-ile and average UPT in eType II    
 
Figure 21 SLS simulation result: 5%-ile and average UPT in Type I

5 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 port P > 32, (O1, O2) = (2, 2) can provide similar performance as (O1, O2) = (4, 4), but with lower reporting overhead and significant implementation complexity reduction.
Observation 2: It is observed from the SLS results that:
· Compared to scheme 1, scheme 2 with M = 2 (BPSK) shows worse performance, but scheme 2 with M = 4 (QPSK) shows significantly better performance;
· Subband SD basis selection provides additional performance gain for scheme 2.
Observation 3: In MU-MIMO scenario, scheme 3 can provide huge throughput gain for cell-edge UEs and significant throughput gain in average compared to Type-I codebook.
Observation 4: In SU-MIMO scenario, when the maximum RI = 8, the enhanced Type-I (SD basis independent selection and multiplexing) codebook provides significant gain compared to Type-I codebook.
Observation 5: Across different CRIs, high correlation is observed for the following Type-I/Type-II codebook parameters:
· i1,1 and i1,2 for Type-I codebook;
· SD/FD bases for Type-II codebook.
Proposal 1: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following port mapping scheme to facilitate the co-existence of Rel-19 and legacy UEs:
· For each of the K CMRs, half of antenna ports are mapped to the first polarization, the other half of antenna ports are mapped to the second polarization;
· The K CMRs are aggregated along the N2 direction.
Proposal 2: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following CMR/IMR restrictions:
· The K CMRs should be allocated within two consecutive slots.
· The K CMRs should be QCLed and configured within a CSI-RS resource set;
· Only one ZP/NZP IMR is configured.
Proposal 3: Regarding Rel-19 CRIs-based CSI reporting, support the following CMR/IMR restrictions:
· The K CMRs should be configured within a CSI-RS resource set;
· One or more ZP/NZP IMR is configured.
Proposal 4: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following aperiodic CMR configuration for Rel-18 Type-II Doppler codebook:
· The CSI resource set contains  CSI-RS resource groups;
· Each group contains up to 4 CSI-RS resources;
· The time separation between two consecutive groups is  slots;
· The time separation between two consecutive CSI-RS resources is same in each group, and the time separation can be X symbols, e.g., X = 2.
Proposal 5: Regarding Rel-19 Type-I and Type-II codebook refinement, support (O1, O2) = (2, 2) for P > 32.
Proposal 6: Regarding Rel-19 Type-I and Type-II codebook refinement, support scheme 2 for RI = 1~4 Type-I codebook design targeting SU-MIMO.
· Support M = 4 for M-PSK inter-polarization co-phasing;
· Support additional subband SD basis selection, i.e., L = 4.
Proposal 7: Regarding Rel-19 Type-I and Type-II codebook refinement, the extension of Rel-15 Type-I MP codebook can be considered.
Proposal 8: Regarding Rel-19 Type-I and Type-II codebook refinement, support scheme 3 for RI = 1~4 Type-I codebook design targeting MU-MIMO.
Proposal 9: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following Type-I codebook design for RI = 5~8:
· W1 structure:
· Independently selection of different  SD bases for RI = v, where each SD basis is applied to two respective layers except that, if v is odd, the last SD basis is applied to the orphan layer.
· W2 structure:
· M-PSK inter-polarization co-phasing, e.g, M = 4;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis.
Proposal 10: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following hard CBSR refinement for Type-I codebook to reduce the RRC overhead:
· Each bit in the CBSR is associated with a set of X1X2 SD bases, where the set includes X1 SD bases along the N1 direction and X2 SD bases along the N2 direction.
Proposal 11: Regarding the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, support:
· Splitting the N1N2 orthogonal SD basis into a number of groups for SD selection indication;
· Down selection of legacy codebook parameter combinations to balance the performance and overhead or UE complexity.
Proposal 12: Regarding Rel-19 Type-I and Type-II codebook refinement, support the following soft CBSR refinement for Type-II codebook to reduce the RRC overhead:
· Each two consecutive bits in the bit sequence B2 is associated with a set of X1X2 SD bases, where the set covers X1 SD bases along the N1 direction and X2 SD bases along the N2 direction in the corresponding SD basis group.
Proposal 13: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), support Alt2.
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook;
Proposal 14: Regarding Rel-19 CRIs-based CSI reporting, support:
· X = 2 for Rel-16 eType-II codebook;
· X = 4 for Rel-15 SP Type-I codebook;
· M is configured by the network.
Proposal 15: Regarding Rel-19 CRIs-based CSI reporting, support the following overhead reduction scheme:
· Differential wideband CQI reporting across different CRIs.
Besides, we have the following observations and proposals for CSI enhancement for CJT deployment:
Observation 6: Inter-TRP delay/frequency calibration can bring significant throughput gain for CJT with non-ideal synchronization and backhaul.
Observation 7: The performance of delay pre-compensation becomes saturated when the delay quantization bitwidth reaches 4.
Observation 8: The performance of frequency pre-compensation becomes saturated when the frequency quantization bitwidth reaches 4.
Proposal 16: Regarding Rel-19 CJT calibration reporting, support
· Opt1: The UE reports for all the configured NTRP CSI resources/resource sets.
Proposal 17: Regarding Rel-19 CJT calibration reporting, for inter-TRP delay/frequency/phase reporting, support
· nref is selected by UE and included in the report;
· The quantization range is . 
Proposal 18: Regarding Rel-19 CJT calibration reporting, support to use a 1-port CSI-RS to measure the delay corresponding to each TRP.
Proposal 19: Regarding Rel-19 CJT calibration reporting, the delay quantization range is configured by NW, and the following two options can be considered for the quantization range configuration:
· Option 1: The delay quantization range is explicitly configured by RRC, and the unit CP or a microsecond.
· Option 2: The delay quantization range is implicitly configured by RS configuration, i.e., the delay quantization range is , where  is the frequency separation between two consecutive REs carrying the RS.
Proposal 20: Regarding Rel-19 CJT calibration reporting, the delay offsets can be quantized by 3 bits as a starting point.
Proposal 21: Regarding Rel-19 CJT calibration reporting, UE shall assume that the measured and reported per-TRP frequency offsets include Doppler shift (if exists).
Proposal 22: Regarding Rel-19 CJT calibration reporting, support to use a pair of 1-port CSI-RSs to measure the CFO corresponding to each TRP.
Proposal 23: Regarding Rel-19 CJT calibration reporting, the frequency quantization range is configured by NW, and the following two options can be considered for the quantization range configuration:
· Option 1: The frequency quantization range is explicitly configured by RRC, and the unit is 0.01 ppm or Hz.
· Option 2: The frequency quantization range is implicitly configured by RS configuration, i.e., the frequency quantization range is , where  is the time separation between two RSs.
Proposal 24: Regarding Rel-19 CJT calibration reporting, support Alt 1 for frequency quantization.
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO.
Proposal 25: Regarding Rel-19 CJT calibration reporting, the ‘out of range’ or ‘invalid’ codepoint is not needed for frequency quantization.
Proposal 26: Regarding Rel-19 CJT calibration reporting, the CFO offsets can be quantized by 4 bits as a starting point.
Proposal 27: Regarding Rel-19 CJT calibration reporting, support inter-TRP phase reporting for reciprocity calibration in TDD.
Proposal 28: Regarding Rel-19 CJT calibration reporting, the CSI-RSs for inter-TRP phase measurement should be transmitted with a limited time interval, e.g., 2 slots.
Proposal 29: 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 30: Regarding Rel-19 CJT calibration reporting, support at least the followings report quantities:
· “Inter-TRP delay information only”,
· “Inter-TRP frequency information”,
· “Inter-TRP phase information”,
· “Inter-TRP delay information and phase information”,
· “Inter-TRP delay information and frequency information”, and
· “Inter-TRP delay information and frequency information and phase information”.
Proposal 31: 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.
Proposal 32: Regarding Rel-19 CJT calibration reporting, support indicating two TCI states (QCL-TypeA + QCL-TypeB) for PDSCH reception.
· Note: It implies that the delay misalignment is pre-compensated for PDSCH reception.
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7 Appendix
Table 3 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 4 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) =(24,4,2,1,1,4,4)
(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 5 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	Scheme 3	
5%-ile	Average	1.49203466095828	1.1051333225004401	eType-II	
5%-ile	Average	1.74011648663703	1.16991315836726	



legacy	
5%-ile	Average	1	1	eType-Ⅰ	
5%-ile	Average	1.2969438110001901	1.11666764231294	





2	
5% UE	average	1	1	3	
5% UE	average	1.0448096398270901	1.02950914056569	4	
5% UE	average	1.07850390515734	1.0340469912289001	5	
5% UE	average	1.0530101063038799	1.03448399321122	6	
5% UE	average	1.05152249663868	1.0367249908067999	



2	
5% UE	average	1	1	3	
5% UE	average	1.3326046041776001	1.11007206767669	4	
5% UE	average	1.56860796519913	1.18988110876625	5	
5% UE	average	1.76284934467112	1.1992867511442999	6	
5% UE	average	1.86075667516688	1.2127996594674499	



EType II 5%-ile

HSFSD deactivated	
32T	64T	128T	1.0195580073411099	1.0421398340172501	1.01460154068529	HSFSD activated	
32T	64T	128T	1	1	1	





ETypeII Average

HSFSD deactivated	
32T	64T	128T	1.00301819368195	0.99741418915804303	1.0017855607628201	HSFSD activated	
32T	64T	128T	1	1	1	





TypeI Average 

HSFSD deactivated	
32T	64T	128T	1.00753078209185	1.0041919958646199	1.00215343917723	HSFSD activated	
32T	64T	128T	1	1	1	





TypeI 5%-ile 

HSFSD deactivated	
32T	64T	128T	1.05952353706221	0.97234349628383798	0.98197850566695	HSFSD activated	
32T	64T	128T	1	1	1	





O1=O2=1	
64T (average)	72T (average)	1	1	O1=O2=2	
64T (average)	72T (average)	1.0944	1.0545356996173001	O1=O2=4	
64T (average)	72T (average)	1.1262000000000001	1.0599639238720999	
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