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[bookmark: _Toc120549591]Introduction
Rel-19 NR MIMO evolution WI was approved in [1], we will discuss the following objectives in this contribution. 
· Specify CSI support for up to 128 CSI-RS ports, targeting FR1
· [bookmark: _Hlk158209324]Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
· Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
· Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
· Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD
· Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
CSI report for up to 128 CSI-RS ports
In Rel-19 MIMO WID, there are three parts of enhancement on the CSI report for up to 128 CSI-RS ports:
1) Type-I codebook refinement for up to 128 CSI-RS ports
2) Type-II codebook refinement for up to 128 CSI-RS ports
3) [bookmark: _Hlk158279686]CRI based CSI report for hybrid beamforming
In this section, we will discuss the above enhancements respectively.
Type-I codebook refinement
Resource configuration
Based on the WID description, a total of 128 CSI-RS ports across all resources consist of multiple CSI-RS resources and each resource is configured with up to 32 CSI-RS ports. 
Following this principle, the CMR design in Rel-18 CJT codebook can be reused here naturally, e.g., one CSI resource set could have 4 CSI-RS resources, each of them is configured with 32 CSI-RS ports. However, Rel-18 CJT codebook can only be applied for Type-II codebook where CRI is not needed to be reported. In this way, Rel-19 Type-I codebook for up to 128 ports also could not support CRI reporting. However, it should be noted that in Rel-15 Type-I codebook, UE could be configured with more than one CSI-RS resources and UE could report one CRI based on the CSI-RS measurement. If taking the option of Rel-18 CJT mechanism, it may be a little restricted about multi-beam CSI reporting.
In Rel-17 NCJT CSI reporting, two CSI-RS resources could be paired for measurement and each of them is corresponding to one TRP. UE could be configured with one CSI-RS resource set and this resource set could have multiple CSI-RS resource pairs. Then, UE could report one CRI which corresponds to one CMR group.
This spirit can be reused here also, i.e. one CSI-RS resource set comprise multiple CMR groups, and one CMR group support up to 128 ports and corresponds to one CRI. So, multi-beam CSI reporting could be supported in this design, while the CSI-RS measurement overhead on UE side may be larger.
In general, for the CMR configuration of Type-I codebook refinement for up to 128 ports, there may be the following two possible options:
· Option 1: one CSI-RS resource set comprise multiple CSI-RS resources, the CSI-RS resource set supports up to 128 ports
· Option 2: one CSI-RS resource set comprise multiple CMR groups, each one CMR group supports up to 128 ports and corresponds to one CRI
Proposal 1: For the resource configuration of Type-I codebook refinement for up to 128 ports, the following two options can be considered:
· [bookmark: _Hlk158216678]Option 1: one CSI-RS resource set comprise multiple CSI-RS resources, the CSI-RS resource set supports up to 128 ports
· [bookmark: _Hlk158216686]Option 2: one CSI-RS resource set comprise multiple CMR groups, one CMR group supports up to 128 ports and corresponds to one CRI
[bookmark: _Hlk158213936]Scope of Rel-19 Type-I codebook refinement
Codebook type
There are several types for Type-I codebook:
1) Type-I Single-Panel codebook for single-TRP
2) Type-I Single-Panel codebook for Multi-TRP
3) Type-I Multi-Panel codebook
We think at least up to 128 ports CSI report can be applied for Type-I Single-Panel codebook, assuming single-TRP, to provide better coverage and higher spectrum efficiency in FR1 bands. As for the other codebook types, it can be put with low priority.
[bookmark: _Hlk159231171]Proposal 2: Rel-19 Type-I codebook refinement mainly focus on Type-I Single-Panel codebook, assuming single-TRP.
[bookmark: _Hlk158215597]
Supported number of CSI-RS ports
The supported number of CSI-RS antenna ports for legacy Type-I codebook are shown below:
[bookmark: _Hlk158215618]We think the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128 to support flexible gNB implementation in Rel-19. As for the related parameters (N1, N2) and (O1, O2), it can be modified respectively.
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Proposal 3: For the supported number of CSI-RS ports of Type-I codebook refinement for up to 128 ports, the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128.
Type-II codebook refinement
Resource configuration
Similar with the analysis on Type-I codebook refinement, for the CMR configuration of Type-II codebook refinement for up to 128 ports, there may be the following two possible options:
· Option 1: one CSI-RS resource set comprise multiple CSI-RS resources, the CSI-RS resource set supports up to 128 ports
· Option 2: one CSI-RS resource set comprise multiple CMR groups, one CMR group supports up to 128 ports and corresponds to one CRI
However, considering even in legacy Type-II codebook, multi-beam CSI reporting is not supported, i.e., CRI is not needed in the report quantities. So, maybe option 1 is enough for Rel-19 Type-II codebook refinement.
Proposal 4: For the resource configuration of Type-II codebook refinement for up to 128 ports, support to configure one CSI-RS resource set with multiple resources to support up to 128 ports CSI reporting.
Scope of Rel-19 Type-II codebook refinement
Codebook type
There are several types for Type-II codebook in legacy spec:
1) Rel-15 Type-II codebook
2) Rel-16 eType-II codebook
3) Rel-17 FeType-II codebook
4) Rel-18 CJT Type-II codebook
5) Rel-18 Doppler Type-II codebook
Firstly, Rel-18 CJT and Doppler Type-II codebook is targeting at CJT and medium/high mobility scenarios respectively, it should be deprioritized. As for the regular Type-II codebook series, Rel-16 eType-II codebook is the enhancement of Rel-15 Type-II codebook with additional frequency domain compression. And Rel-17 FeType-II codebook is the enhancement of Rel-16 port selection (PS) codebook. We think at least one type of regular Type-II codebook and one type of port selection codebook should be supported for Rel-19. So, it is suggested that Rel-16 eType-II codebook and Rel-17 FeType-II codebook are supported to be enhanced in Rel-19.
Proposal 5: The work scope of Rel-19 Type-II codebook refinement for up to 128 ports includes refinement of the following codebooks:
-	Rel-16 eType-II regular codebook
-	Rel-17 FeType-II port selection (PS) codebook

Supported number of CSI-RS ports
Just like Rel-19 Type-I codebook, we think the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128 to support flexible gNB implementation for Type-II codebook. As for the related parameters (N1, N2) and (O1, O2), it might be different from Rel-19 Type-I codebook, considering UE calculational complexity.
Proposal 6: For the supported number of CSI-RS ports of Type-II codebook refinement for up to 128 ports, the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128.

Supported number of CSI-RS resources
In Rel-18 CJT, up to 4 CSI-RS resources can be configured as CMR and each resource can be configured with up to 32 ports. According to the analysis on the above CSI-RS resource configuration, the CJT mechanism can be reused here, 128 ports can be supported with 4 CSI-RS resources and each resource is with 32 ports. One possible CSI-RS configuration for up to 128 ports is shown below:
	Number of CSI-RS port
	Number of CSI-RS resources
	Number of ports per resource

	48
	2
	24

	64
	2
	32

	72
	3
	24

	96
	3
	32

	128
	4
	32


Table 1. Example of CSI-RS configuration for up to 128 ports
So, we think up to 4 CSI-RS resources is enough to support up to 128 ports.
[bookmark: _Hlk158376385]Proposal 7: For Type-II codebook refinement for up to 128 ports, up to 4 CSI-RS resources can be used.
CRI based CSI report for hybrid beamforming
Based on the WID description [1], enhancements to existing specifications that support hybrid beamforming (e.g. with one beam for each DL transmission) are needed to maintain the cost-effectiveness vs performance tradeoff in implementation. It is justified to enhance hybrid beamforming to multi-beam reporting (extended up to 32 ports per reported beam) with PMI/CQI/RI per beam in order to extend hybrid beamforming to larger antenna arrays and increase MU-MIMO scheduling opportunities.
[bookmark: _Hlk158376443]Scope of CRI based CSI report for hybrid beamforming
CSI report quantity
In current CSI report framework, the supported CSI report quantifies can be either 'none', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RSRP', 'cri-SINR', 'ssb-Index-RSRP', 'ssb-Index-SINR', 'cri-RI-LI-PMI-CQI', 'cri-RSRP- Index', 'ssb-Index-RSRP- Index', 'cri-SINR- Index' or 'ssb-Index-SINR- Index'.
[bookmark: _Hlk158376495]Based on the WID, the targeting usage of this feature is to increase MU-MIMO scheduling opportunities. If for one specific UE, gNB could have more than one supported beam and more than one other CSI quantity, like CQI, RI, PMI, then the UE could have more opportunities in MU-MIMO mode, so that the system throughput could be increased accordingly. So, we think all the CSI report quantity types involving CRI reporting could be supported, expect for the beam management usage related quantities, i.e., the report quantity of 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI' could be supported in Rel-19.
Proposal 8: Regarding the supported CSI report quantity for CRI based CSI report for hybrid beamforming, 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI' can be considered.
Supported number of CRIs
Based on the WID, for hybrid beamforming, it is supported up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource. Then for the case of 32 CSI-RS ports per resource, up to 4 CRIs can be reported. So, we think the maximum number of CRIs should be 4.
Proposal 9: Regarding CRI based CSI report for hybrid beamforming, up to 4 CRIs can be reported.
Report configuration for hybrid beamforming
As for the method of CRI reporting, there might be three options:
1) multiple resource indexes
2) one CRI combination index
3) one bitmap
As for the further down-selection among the above options, it is much related with the exact supported number of CRIs.
Proposal 10: Regarding CRI based CSI report for hybrid beamforming, for the method of CRI reporting, the following three options can be considered:
1) multiple resource indexes
2) one CRI combination index
3) one bitmap
If multiple CRIs can be reported in one CSI report, then the corresponding other CSI quantity, like CQI, RI, PMI, etc., should also be reported. However, if UE will report 4 CRI, then the report overhead will be 4 times of the CSI report with only one CRI. The overhead reduction for CSI reporting should be considered.
In some cases, the CQIs/RIs/PMIs corresponding to >= 1 CRIs may be much relevant. For example, some of CQIs/PMIs/RIs are exactly the same, even the corresponding CRIs are totally different. In this sense, there might be the following two directions for overhead reduction:
· The CQI/PMI/RI corresponding to ≥1 CRIs can be shared.
· The CQI/PMI/RI corresponding to ≥1 CRIs can be jointly calculated/reported.
Proposal 11: Regarding CRI based CSI report for hybrid beamforming, the overhead reduction for CSI reporting can be considered.
UE reporting enhancement for CJT calibration
Rel-18 MIMO WI specified enhanced Type II codebook to support coherent joint transmission (CJT) assuming ideal time/frequency synchronization and backhaul among TRPs, i.e., it is assumed that the DL timings and carrier frequencies of multiple TRPs are perfectly aligned. However, in practical deployments of CJT, e.g., inter-site CJT, there will be time and frequency misalignments among TRPs due to non-ideal synchronization and backhaul.
The time misalignment among TRPs comes from two sources. On the one hand, propagation delays among different TRPs and a UE will vary largely due to different locations of the TRPs and UE mobility. On the other hand, hardware implementation among TRPs will also cause the DL transmit timing difference among TRPs. The time misalignment among TRPs will lead to different phase differences among TRPs on different subcarriers. In the CJT enhanced Type II codebook specified in Rel-18, the PMI is reported per subband, thus the co-phasing is reported per subband. Since the minimum PMI subband size is 2 RBs, the maximum difference in propagation distance that can be handled by Rel-18 CJT is only  assuming the SCS is 30kHz, which is a difficult condition to meet for the practical inter-site CJT scenario. Therefore, to assist the CJT calibration, in this Rel-19 MIMO WI, CSI reporting enhancements should be specified to report the inter-TRP time misalignment.
Proposal 12: Regarding report quantities, support to report the time misalignment among TRPs.
Similar to the time misalignment, the frequency difference among TRPs also consists of two parts, including the Doppler difference among TRPs and the actual transmit frequency difference among TRPs caused by local oscillator drifting. The frequency offset among TRPs will lead to a time-varying phase difference among TRPs. As shown in the following equation, the inter-TRP frequency offset can be converted to inter-TRP phase offset:
,
where  and  denote the frequency offset and phase offset among TRPs, respectively, and  denotes time. This equation indicates that the phase offset due to frequency offset will change over time. Here we give an example of calculating the phase offset according to the frequency offset. Assuming the carrier frequency is 2.6GHz and the frequency synchronization error is 0.01ppm per TRP, the frequency offset may be up to 26Hz (Hz) for a TRP. If the periodicity of CSI report is 20ms, the phase offset can be up to 187.2 degrees () over a CSI report periodicity. When the inter-TRP frequency offset is converted into inter-TRP phase offset, a phase quantization method, e.g., 4-bit (16-PSK) uniform quantization can be used for reporting the inter-TRP phase offset.
Theoretically speaking, the inter-TRP time misalignments also can be converted to inter-TRP phase offset. However, it is more complicated because the Fourier transform is involved. 
Proposal 13: Regarding report quantities, both the frequency offset among TRPs and the phase offset among TRPs derived from the frequency offset can be considered.
Then, the measurement resource configuration will be discussed for the inter-TRP time misalignment and frequency/phase offset measurement.
With respect to the measurement resource for inter-TRP time misalignment measurement, CSI-RS resources can be used. Assuming the number of TRPs in CJT deployment is N, to measure the time misalignment among TRPs, N CSI-RS resources can be configured to a UE, where each CSI-RS resource corresponds to a respective TRP. Figure 1 illustrates some examples of CSI-RS resource configuration for time misalignment measurement in CJT with 2 TRPs, where 2 periodic CSI-RS resources are configured to 2 TRPs. For each CSI-RS resource, the number of ports is 1, and the density  in (a) and  in (b).


(a)                                 (b)
[bookmark: _Hlk157951611]Figure 1. CSI-RS resource configuration for time misalignment measurement in CJT with 2 TRPs
For inter-TRP frequency offset measurement, N CSI-RS resource sets can be configured to a UE, where each CSI-RS resource set corresponds to a respective TRP and consists of at least 2 CSI-RS resources. Figure 2 provides an example of CSI-RS resource configuration for frequency offset measurement in CJT with 2 TRPs, where 2 periodic CSI-RS resource sets are configured to 2 TRPs, and each CSI-RS resource set consists of 2 CSI-RS resources with 1 symbol. 


Figure 2. CSI-RS resource configuration for frequency offset measurement in CJT with 2 TRPs
Furthermore, to measure time misalignments and frequency offset among TRPs together, a unified resource configuration pattern can be configured by taking both the time and frequency domain into account. Inspired by the CSI-RS resource configuration patterns shown in Figure 1 and Figure 2, the legacy TRS occupying 4 symbols in 2 consecutive slots and 3 REs per RB, as shown in Figure 3, perhaps can be used for measurement of time misalignments and frequency offset among TRPs. Figure 4 gives an example of the TRS configured for inter-TRP time misalignments and frequency offset measurement, where 3 periodic TRSs are configured to a UE, one of the TRS corresponds to TRP1 and the other two TRSs correspond to TRP2.
It can be observed that TRS is suitable for joint measurement of inter-TRP time misalignments and frequency offset, while the CSI-RS exhibits more flexibility in terms of resource configuration for separate measurement of inter-TRP time misalignments and frequency offset with less RS overhead. As per the above discussion, we have the following proposals.
Proposal 14: Regarding measurement resource configuration, support both CSI-RS for CSI and TRS.
Proposal 15: If CSI-RS for CSI is used for inter-TRP time misalignment measurement, configure one CSI-RS resource for each TRP.
Proposal 16: If CSI-RS for CSI is used for inter-TRP frequency offset measurement, configure one CSI-RS resource set consisting of two CSI-RS resources for each TRP.


Figure 3. Resource configuration pattern for TRS


Figure 4. TRS resource configuration for time misalignment and frequency offset measurement in CJT with 2 TRPs
[bookmark: _Hlk158194348]Regarding the UE reporting, UE could separately report the inter-TRP time differences and frequency offset to the network by measuring the configured CSI-RS/TRS of TRPs. More specifically, this method separately reports the inter-TRP time differences and frequency offset using different CSI reports, which brings more flexibility in reporting for different deployment scenarios of CJT but also results in more reporting overhead. Alternatively, joint reporting of inter-TRP time differences and frequency offset also can be considered. That is, UE could measure both the inter-TRP time differences and frequency offset and jointly report the measurement results to the network through one CSI report. This joint reporting method may reduce the reporting overhead of UE, but the network needs to interpret the CSI report to obtain the time differences and frequency offset among TRPs respectively. From our perspective, both the two methods can be supported, and the separate reporting can be discussed first in the beginning stage.
Proposal 17: Regarding the UE reporting, support both the separate reporting and the joint reporting of inter-TRP time misalignments and frequency offset, where the separate reporting can be discussed first at the beginning of the WI.
Finally, the maximum number of TRPs to be used for CJT deployments should be discussed. Since the overhead of UE measurement and reporting increases significantly with the number of TRPs, the maximum number of TRPs should not be too large. Besides, up to 4 TRPs were supported in Rel-18 CJT, so it seems reasonable to support up to 4 TRPs for Rel-19 UE reporting enhancement for CJT calibration. 
Proposal 18: Support up to 4 TRPs for Rel-19 UE reporting enhancement for CJT calibration.
Conclusions
In this contribution, we discussed CSI enhancements in MIMO, including support for up to 128 CSI-RS ports on FR1 and UE reporting enhancement for CJT, and the following proposals are made.
Proposal 1: For the resource configuration of Type-I codebook refinement for up to 128 ports, the following two options can be considered:
· Option 1: one CSI-RS resource set comprise multiple CSI-RS resources, the CSI-RS resource set supports up to 128 ports
· Option 2: one CSI-RS resource set comprise multiple CMR groups, one CMR group supports up to 128 ports and corresponds to one CRI
Proposal 2: Rel-19 Type-I codebook refinement mainly focus on Type-I Single-Panel codebook, assuming single-TRP.
Proposal 3: For the supported number of CSI-RS ports of Type-I codebook refinement for up to 128 ports, the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128.
Proposal 4: For the resource configuration of Type-II codebook refinement for up to 128 ports, support to configure one CSI-RS resource set with multiple resources to support up to 128 ports CSI reporting.
Proposal 5: The work scope of Rel-19 Type-II codebook refinement for up to 128 ports includes refinement of the following codebooks:
-	Rel-16 eType-II regular codebook
-	Rel-17 FeType-II port selection (PS) codebook
Proposal 6: For the supported number of CSI-RS ports of Type-II codebook refinement for up to 128 ports, the candidate number of supported CSI-RS ports can be 48, 64, 72, 96, 128.
Proposal 7: For Type-II codebook refinement for up to 128 ports, up to 4 CSI-RS resources can be used.
Proposal 8: Regarding the supported CSI report quantity for CRI based CSI report for hybrid beamforming, 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI' can be considered.
Proposal 9: Regarding CRI based CSI report for hybrid beamforming, up to 4 CRIs can be reported.
Proposal 10: Regarding CRI based CSI report for hybrid beamforming, for the method of CRI reporting, the following three options can be considered:
1)	multiple resource indexes
2)	one CRI combination index
3)	one bitmap
Proposal 11: Regarding CRI based CSI report for hybrid beamforming, the overhead reduction for CSI reporting can be considered.
Proposal 12: Regarding report quantities, support to report the time misalignment among TRPs.
Proposal 13: Regarding report quantities, both the frequency offset among TRPs and the phase offset among TRPs derived from the frequency offset can be considered.
Proposal 14: Regarding measurement resource configuration, support both CSI-RS for CSI and TRS.
Proposal 15: If CSI-RS for CSI is used for inter-TRP time misalignment measurement, configure one CSI-RS resource for each TRP.
Proposal 16: If CSI-RS for CSI is used for inter-TRP frequency offset measurement, configure one CSI-RS resource set consisting of two CSI-RS resources for each TRP.
Proposal 17: Regarding the UE reporting, support both the separate reporting and the joint reporting of inter-TRP time misalignments and frequency offset, where the separate reporting can be discussed first at the beginning of the WI.
Proposal 18: Support up to 4 TRPs for Rel-19 UE reporting enhancement for CJT calibration.
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Table 5.2.2.2.1-2: Supported configurations of (N,,N,)and (0,,0,)
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