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1. Introduction
In RAN#102 meeting, a new WID [1] “NR MIMO Phase 5” was approved. Two of the objectives are for CSI enhancements.
	2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH


In this contribution, we discuss CSI enhancements for up to 128 ports and non-ideal CJT deployment.

2. CSI enhancements for up to 128 ports 
2.1 Type I codebook refinement
2.1.1 Port number and antenna configurations
To address the coverage issue for new higher FR1 frequency band (e.g., 6.425-7.125 GHz), use of large antenna arrays from single transmission point with increased number of antennas are required, which also have been developing in the industry. The large antenna arrays could improve both DL coverage and spectrum efficiency.
Current NR specification supports up to 32 ports for a CSI-RS resource, which is a bottleneck for deployment of large antenna arrays. As per the description in WID [1], Rel-19 MIMO WI will support to increase the port number up to 128, but there is a big gap from 32 to 128 ports. From 32 ports to 128 ports, there are some typical port numbers that can be considered, e.g., 48, 64, 72, 96, 128. Considering difference on possible deployment scenarios and gNB antenna implementations, all those port numbers can be considered. 
For a certain port number, there are also a variety of antenna configurations. Note that in current specification, for 24 ports and 32 ports, three different antenna configurations are supported each, and the antenna columns of 4, 6, 8, 12, 16 are considered. For larger port number, similar antenna column size should be considered, which is friendly to gNB implementation. For the supported port number, if further down-selection is needed, the port number of 64, 96, and 128 can be prioritized, as they can be deployed with antenna column of 16, which is similar as 32 ports. For different antenna configurations, in addition to antenna column size, the vertical angle range and horizontal angle range also needs to be considered for the coverage. Table 1 summarizes the possible antenna configurations of (N1, N2) based on above considerations. Considering different possible commercial deployment and gNB implementations, we also think it is beneficial to support multiple antenna configurations for a certain port number. On the other hand, the required specification effort also needs to be considered, if many port numbers and many antenna configurations are to be supported.

			Table 1: Possible antenna configurations for > 32 ports
	Number of CSI-RS antenna ports
	New (N1, N2) for 128 ports

	128
	(8,8)

	
	(16,4)

	96
	(8,6)

	
	(12,4)

	
	(16,3)

	72
	(6,6)

	
	(12,3)

	64
	(8,4)

	
	(16,2)

	48
	(6,4)

	
	(8,3)

	
	(12,2)



Proposal 2-1  
· Consider CSI enhancements for following CSI-RS port number: 48, 64, 72, 96, 128. 
· For potential further down-selection, the port numbers of 64, 96, and 128 have higher priority.

For possible antenna configurations in Table 1, system level simulations are performed, with simulation assumptions shown in appendix. For fair comparisons, the same total number of antenna elements is assumed for different cases. Fig. 1 shows the post SINR distribution of UEs with different port numbers as well as different (N1, N2) configurations, with enlarged curves shown in Fig. 2. It can be observed that, for a certain port number, the antenna configuration with more vertical antennas has better SINR performance than that with less vertical antennas. For example, for 128 ports, the antenna configuration of (8,8) has better SINR distribution performance than (16,4). For 64 ports, the antenna configuration of (8,4) has better SINR distribution performance than (16,2). For different port numbers, the SINR distribution performance generally improves with increase of port number. But the performance gap between some cases is relatively small, e.g., between (16, 2) and (12, 2), (12, 3) and (8, 4), etc. Thus, some (N1, N2) configurations with similar performance as other configurations may be deprioritized.
[image: ]
Fig. 1 Distribution of post SINR
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Fig. 2 Distribution of post SINR (enlargement of Fig. 1)

Observation 2-1  
· For a certain port number, the antenna configuration with more vertical antennas has better SINR performance than that with less vertical antennas.

Fig. 3 and Fig. 4 show the throughput performance gain of different (N1, N2) configurations based on the case of 32 ports with (16, 1), for average UE throughput gain and edge UE throughput gain, respectively. From the two figures, the following can be observed:
1. For a certain port number, the antenna configuration with more vertical antennas generally has better average UE and edge UE performance, which is also aligned with the observation 2-1. 
2. The performance gain of 128 ports and 96 ports with different antenna configurations is quite obvious and larger than other cases. The performance gap between 72 ports and 64 ports, 48 ports and 32 ports are relatively small for certain antenna configurations. For example, 72 ports with (12, 3) has almost the same average UE performance gain as 64 ports with (8, 4) but much lower edge UE performance gain. And 48 ports with (12, 2) has almost the same average UE performance gain as 32 ports with (8, 2) but much lower edge UE performance gain. And 48 ports with (8, 3) has almost the same average UE performance gain as 32 ports with (4, 4) but much lower edge UE performance gain.

[image: ]
Fig. 3 Average throughput gain based on 32 ports with (16, 1)
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Fig. 4 Edge throughput gain based on 32 ports with (16,1)

Observation 2-2  
· The cases of 128 ports and 96 ports with different antenna configurations have significant average UE and edge UE performance gains.
· The performance gap between 72 ports and 64 ports is relatively small, especially between (12, 3) and (8, 4).
· The performance gap between 48 ports and 32 ports is relatively small, especially between (12, 2) and (8, 2), (8, 3) and (4, 4). 

Proposal 2-2  
· Support to study and down select from following antenna configurations.
· 128 ports: (8, 8), (16, 4)
· 96 ports: (8, 6), (12, 4), (16, 3)
· 72 ports: (6, 6), (12, 3)
· 64 ports: (8, 4), (16, 2)
· 48 ports: (6, 4), (8, 3), (12, 2)

[bookmark: _Hlk158193970]2.1.2 CMR configuration and IMR configuration
To support larger than 32 ports for CSI, CSI-RS resource design with more than 32 ports needs to be identified. The WID says “legacy CSI-RS resources with up to 32 CSI-RS ports per resource is assumed”. Thus, multiple legacy CSI-RS resources with the same port number for each should be configured to support more than 32 ports, e.g., four 32-port CSI-RS resources are configured for 128 ports, three 24-port CSI-RS resources are configured for 72 ports, etc. At this stage, we think both TDM and FDM transmissions of multiple legacy CSI-RS resources can be considered. 
We think TDM and FDM for multiple CSI-RS resources have different pros and cons. For FDM, a UE will be required to receive more CSI-RS ports within smaller number of OFDM symbols (extremely 1 symbol). It may increase UE implementation complexity. On the other hand, another issue for TDM from our perspective is the possible phase difference due to gNB transmitting at different slot and UE receiving at different slot. The channel property may also vary with time. Restricting the multiple CSI-RS resources within two slots may alleviate the issue. But if the issue is not negligible, we may need to further consider its impacts, e.g., mapping of CSI-RS resource and gNB antennas, CSI measurement/calculation at UE side, etc, to make TDM practically work.
[bookmark: _Hlk158215183]In the meanwhile, irrespective of multiplexing manner, some restrictions should be considered across those configured legacy CSI-RS resources. In case the multiple CSI-RS resources are TDMed, they should be configured in the same resource set, such that the same time domain behavior, periodicity, number of ports, density, starting RB and number of RBs, and cdm-type can be ensured across the resources. In addition, the same powerControlOffsetSS, powerControlOffset, and TCI state should be configured. On the other hand, for FDMed multiple CSI-RS resources, the frequency resources should be different while other configurations could be the same across resources. For example, for two legacy CSI-RS resources, by configuring the same bandwidth locations and the same density of 0.5 for both, but different {evenPRBs, oddPRBs} in between, they could be FDM transmitted on the same symbols. Based on current specification, only two CSI-RS transmission in FDM can be realized. To support more CSI-RS resources with FDM, TDM+FDM transmission can be also considered, with different configuration restrictions. Three examples are shown in Fig. 5, where each color represents a legacy CSI-RS resource.
[image: ]
Fig. 5 Examples of TDM/FDM transmitted CSI-RS resources



Proposal 2-3  
· Study configuration of multiple legacy CSI-RS resources in TDM, FDM, or TDM+FDM transmission to support larger than 32 ports.
· Study the configuration restrictions for multiple legacy CSI-RS resources in TDM, FDM, or TDM+FDM transmission.
· Study the impact of phase difference brought by TDM transmitted multiple CSI-RS resources in different slots.

In legacy specification, the IMR is configured one-to-one mapping with CMR. For the case of larger than 32 ports, multiple TDM and/or FDM transmitted legacy CSI-RS resources are regarded as one CMR for measurement, thus, for each CMR, only one IMR needs to be configured, which applies to both ZP-IMR and NZP-IMR.

Proposal 2-4  
· For configured multiple CSI-RS resources as one CMR, one IMR (ZP-IMR/NZP-IMR) is configured.

2.1.3 codebook enhancement
In legacy Type I single-panel codebook, for rank=1 and first layer of rank > 1 in codebook mode 1, one SD beam is selected from oversampled N1O1N2O2 beams via  and , and subband co-phasing coefficients between two polarizations are reported via . But for different layers in case of rank > 1, the design details for SD beam selection/reporting are quite different. For rank 2~4, the orthogonal beams for other layers are additionally reported by . For rank 5~8, fixed orthogonal beams for other layers are predefined. Moreover, subband beam reporting from beam group of L=4 is additionally supported for rank 1~2 in codebook mode 2. For rank 3~4, when port number is equal to or larger than 16, enhanced co-phasing across orthogonal beams is supported with another codebook structure. Such design for Rel-15 Type I single-panel codebook is complicated and not clean enough in our view.
For larger than 32 ports, for rank=1 and first layer of rank > 1, one SD beam can be selected and reported by  and  with extended range via new N1O1 and N2O2 directly, and report of subband co-phasing coefficients between two polarizations can be kept. But for different layers in case of rank > 1, the SD beam selection and reporting for other layers needs to be carefully studied to avoid various design for different layers as legacy, e.g., separate SD beam reporting per layer could be considered. The two codebook modes and two codebook structures in legacy also needs to be studied to avoid complicated design for larger port number.

Proposal 2-5
· For Type I codebook refinement for up to 128 ports, 
· for rank = 1 and the first layer of rank > 1, one SD beam can be selected and reported by directly extending the feedback range of  and  to new N1O1 and N2O2 values.
· For rank > 1, the SD beam selection for different layers needs to be studied.

Proposal 2-6
· For Type I codebook refinement for up to 128 ports, the two codebook modes and two codebook structures in legacy needs to be studied to avoid complicated design.

2.2 Type II codebook refinement
2.2.1 Scope and target codebook
In WID, which codebook type is the design target for Type-II codebook refinement is not mentioned explicitly. Considering multiple Type II codebook types defined in current specification, we need to clarify the target codebook first to identify the work scope in more details.
[bookmark: _Hlk158207491]From different Type II codebook types, we think Rel-16 eType II codebook should be prioritized, which has more potential commercial deployment. In addition, we’re also fine to consider Rel-17 FeType-II PS codebook based enhancement.

Proposal 2-7
· For Type II codebook refinement for up to 128 ports, the target codebook should be identified first.
· Support to prioritize Rel-16 eType II codebook. 

2.2.2 Codebook enhancement
Regarding supported port numbers and antenna configurations, it could be the same as Type I codebook refinement, or further down-selection could be made based on Type I codebook refinement, to reduce the configuration options for Type II codebook refinement. The design on CMR configuration and IMR configuration is also the same as Type I codebook refinement.
[bookmark: _Hlk158213274]For enhancement based on Rel-16 eType II codebook, the legacy paramCombination configurations should be baseline. And which paramCombination is supported for a new (N1, N2) configuration can be further discussed.
[bookmark: _Hlk158214426]Regarding codebook design, based on WID description, directly extending the feedback range of for new (N1, N2) may be sufficient since the enhancement on codebook design seems to be out of scope.

Proposal 2-8
· For Type II codebook refinement for up to 128 ports, 
· The supported port number and antenna configurations are the same as Type I codebook refinement. 
· The design on CMR configuration and IMR configuration is the same as Type I codebook refinement.

Proposal 2-9
· For Type II codebook refinement based on Rel-16 eType II codebook,
· The legacy paramCombination configurations are the baseline. FFS which paramCombination configuration(s) are supported for a (N1, N2) configuration.
· Support directly extending the feedback range for new (N1, N2) configurations.

2.3 Multi-CRI reporting enhancement
2.3.1 CMR configuration and IMR configuration
In addition to fully digital gNB implementations, the enhancements for hybrid beamforming operation are also important. With multi-beam CSIs reporting from multiple UEs, gNB obtains more CSIs information for different beams to increase the MU-MIMO scheduling opportunities.
For multi-CRI reporting, multiple legacy CSI-RS resources can be configured transmitted in different beams but up to a total number of 128 CSI-RS ports across all resources is decided as upper bound by the WID. For those multiple CSI-RS resources as multiple CMRs for measurement, only TDM transmission is possible for different beams, and the TCI state configuration for each CSI-RS resource should be different. But other configuration restrictions discussed in Section 2.1.2, such as the same CSI-RS resource set, powerControlOffsetSS, and powerControlOffset, could be still applied.

Proposal 2-10 
· For multi-CRI reporting, multiple legacy CSI-RS resources can be configured as multiple CMRs for measurement. Following configuration restrictions are supported for multiple CSI-RS resources,
· The same resource set,
· The same powerControlOffsetSS, powerControlOffset configuration,
· Different/separate TCI state configuration.

For those configured multiple CSI-RS resources, they are measured as multiple CMRs, so the IMR configuration can follow legacy design, which is one-to-one mapping between CMR and IMR.

Proposal 2-11
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and IMR.

2.3.2 Codebook enhancement
For up to 128 CSI-RS ports across all CSI-RS resources for multi-CRI reporting enhancement, at least 4 CSI-RS resources with 32 ports each can be configured. Whether larger number of CMRs can be configured needs further study, which may be beneficial for performance but will increase UE complexity. When multiple CSI-RS resources are configured for a CSI report, UE needs to measure all the configured CSI-RS resources, but the number of CRIs to be reported by UE can be configured by NW or decided by UE, as analyzed in the following two options.
· Option 1: the number of CRIs to be reported by UE is configured by RRC.
· Option 2: the number of CRIs to be reported by UE is determined and reported by UE.
In Option 1, the number of CRIs to be reported by UE is configured by NW, so that NW and UE have common understanding on the reported payload size. If the measured CMR number is larger than the reported CMR number, e.g., 4 CMRs are configured for measurement and 2 CMRs are configured to be reported, UE still has some freedom to select the CMRs with good performance. In Option 2, the reported payload size is variable. UE needs to report the number of CRIs in CSI part 1 first. UE has larger freedom to determine the selected CMRs to report. In Option 2, the maximum number of CRIs to be reported by UE can be further configured by NW. With different options, the design on selected CRI(s) reporting could be also different, e.g., explicit CRI(s) indication, or bitmap indication method could be further discussed.

Proposal 2-12
· For multi-CRI reporting, study the number of configured CMRs and at least 4 can be supported.

Proposal 2-13
· For multi-CRI reporting, study the following two options for the number of CRIs to be reported,
· Option 1: the number of CRIs to be reported by UE is configured by RRC,
· Option 2: the number of CRIs to be reported by UE is determined and reported by UE,
· The maximum number of CRIs to be reported by UE may be or may be not further configured by NW.

If multiple CSIs with separate RI/PMI/CQI per CRI are to be reported in one CSI report, the design on CSI report in Rel-18 NWES may be generally reused. On the other hand, for those multiple CSIs from single transmission point with different beams, the relationship among those CSIs can be studied and overhead reduction may be applied, where Rel-18 NWES may not be reused directly. For example, for those multiple CSIs measured based on the same port number, the reported RI could be the same. In addition, instead of full-quantization of wideband CQI(s) per CSI, the differential quantization of wideband CQIs across multiple CSIs can be also considered, which was also studied in Rel-18 NWES.

Proposal 2-14
· For multiple CSIs to be reported in one CSI report, study the relationship among those CSIs and overhead reduction methods, e.g., common RI report, differential quantization of wideband CQIs across multiple CSIs, etc.

3. CSI enhancements for non-ideal CJT deployment 
It was pointed out (even during Rel-18) that Rel-18 CJT CSI may not work as expected if several offsets among multiple TRPs (which is inevitable in real fields) are considered. Therefore, as captured in WID, Rel-19 MIMO WI has been decided to work on this issue based on UE assistance, i.e., introduction of UE reporting to help gNB/NW operate CJT properly. 
According to WID description, the following baselines are identified already:
· Target scenarios: FR1, both FDD and TDD
· Offsets to be measured/reported: Inter-TRP, time misalignment, frequency/phase offsets
· Report: Stand-alone aperiodic reporting on PUSCH
Based on the situation above, our view is described below. 

3.1 Measured/reported offsets
As discussed e.g., in [2], in a deployment with multiple TRPs, it could be difficult to achieve inter-TRP coherency from UE perspective in real field, due to time misalignment and/or frequency/phase offsets. 
Time misalignment comes mainly from two factors: propagation difference and timing offset across TRPs. It means, this misalignment could be caused by not only TRP implementation but also relative UE location in a deployment, which could vary in time. Currently we understand Rel-18 CJT codebook does not have a metric to let gNB know this error. Therefore, we expect Rel-19 enhanced UE reporting should consider delay offset (or related information). 
Frequency error may exist per TRP, for which the requirement is specified in TS 38.104. Even when we consider the most stringent requirement (+/-0.05ppm), the impact of frequency error could be emerged in form of phase change over time. Meanwhile, Rel-18 CJT codebook could report phase coefficient for the selected SD-FD bases, which is finer granularity than TRP (at least with mode 2). Therefore, it may be good to study the need of frequency/phase offset calibration a bit before discussing the specification impact needed to identify proper target for the feature to be introduced. 

Proposal 3-1
· For UE reporting enhancement for CJT deployments, consider all time misalignment (i.e., delay offset) and frequency/phase offset across TRPs as measured/reported offsets.

3.2 Reference signals for measurement
It is also necessary to identify details of reference signals for measurement. As captured in WID, we believe this doesn’t require new design of CSI-RS in the specification. In our view, in general one-symbol RS per TRP, each of which has 1-port, could be sufficient. As each RS corresponds to a different TRP, we assume QCL source for each resource may need to be different. Across the resources, there may be some limitations for, e.g., time/frequency domain resource allocation, power offset related to SS/PDSCH, etc. For example, we assume the same frequency domain resource allocations across resources may ease the measurement performed at UE. Also, if periodic/semi-persistent RS is used, same periodicity and offset (i.e., per-TRP RSs are allocated closely) would be straightforward. 
It may be considered to reuse TRS design (as we did in Rel-18 TDCP). Meanwhile, we assume additional resource will be consumed eventually, and thus it is not very proper to consider only one variant of legacy CSI-RS configurations. At the beginning of WI, we think RAN1 can focus on what characteristics would be required for the RS. 

Proposal 3-2
· For UE reporting enhancement for CJT deployments, consider reference signals (from legacy CSI-RS) for measurement with the following characteristics.
· One OFDM symbol per TRP.
· Difference QCL source per TRP.
· Same frequency domain resources across TRPs.
· Same time-domain behavior across TRPs.

3.3 Reporting aspect
Regarding reporting aspect, there are some aspects that need to be decided. 
Firstly, it would be good to discuss high-level point regarding reporting, e.g., what sort of information to be reported. As captured in WID, one straightforward approach would be to define offset reporting about delay, frequency and/or phase. Meanwhile, assuming a TRP with very large offset to the other TRPs is even unnecessary for the subsequent CJT operation, another approach could be to let gNB know proper (or NOT proper) TRP(s) only. This way the content of report could be simpler and thin, so if this approach works well with Rel-18 CJT, it should be considered as a candidate. 
Proposal 3-3
· For UE reporting enhancement for CJT deployments, consider the following reporting metrics.
· Option 1: Proper (or non-proper) TRP selection.
· Option 2: Exact values of delay/frequency/phase offset.

If the report carries some exact values for offsets, we believe a reference TRP among the involved TRPs would have to be identified. This selection may actually be important because it determines the required range of reported values. One of the main questions here could be who to determine the reference TRP; NW or UE. If NW determines a reference TRP, UE will just follow the determination when it constructs the report, so reporting overhead doesn’t come from the selection of a reference TRP. Else if UE determines a reference TRP, it has to report the selected reference TRP to NW to avoid any ambiguity between NW and UE. Meanwhile, the UE-side determination may always be able to achieve the proper reference TRP selection, such that e.g., all the offsets to be reported has only positive (or negative) values. We currently view this beneficial since it could be possible to reduce bit width for offset reporting while keeping finer granularity by focusing positive values only. 
Proposal 3-4
· For UE reporting enhancement for CJT deployments, if values of delay/frequency/phase are reported, discuss how to select “reference TRP”.
· Option 1: NW/gNB selects and configures a reference TRP.
· Option 2 (preferred): UE selects and reports a reference TRP.

Also, for the report of exact delay/frequency/phase offset values, whether it is wideband or subband may need to be discussed. While we predict wideband may be sufficient, at this stage it would be good to consider subband as well from performance point of view. Basically, when subband is considered, it is clear that reporting overhead increases. Therefore, we need to check if the performance gain overcomes the reporting overhead. 
Proposal 3-5
· For UE reporting enhancement for CJT deployments, if values of delay/frequency/phase are reported, discuss whether it is wideband or subband.

Another discussion point is time domain behavior of the reporting. WID has captured aperiodic reporting on PUSCH already. Although we are supportive of the direction, we also think it would be beneficial if we can support periodic report on PUCCH. In our understanding, the reported metric related to delay/frequency/phase could change in time, thus NW may want UE to report them periodically. In this case, if AP report is the only choice, gNB has to send DCI every single time for obtaining the report. 
Proposal 3-6
· For UE reporting enhancement for CJT deployments, for time domain behavior of the report, consider the following options.
· Option 1: Aperiodic reporting on PUSCH (as captured in WID).
· Option 2: Periodic reporting on PUCCH, in addition to aperiodic reporting on PUSCH.



4. Conclusion
In this contribution, we discussed CSI enhancements for up to 128 ports and non-ideal CJT deployment. Based on the discussion, we made following proposals.
Proposal 2-1  
· Consider CSI enhancements for following CSI-RS port number: 48, 64, 72, 96, 128. 
· For potential further down-selection, the port numbers of 64, 96, and 128 have higher priority.

Observation 2-1  
· For a certain port number, the antenna configuration with more vertical antennas has better SINR performance than that with less vertical antennas.

Observation 2-2  
· The cases of 128 ports and 96 ports with different antenna configurations have significant average UE and edge UE performance gains.
· The performance gap between 72 ports and 64 ports is relatively small, especially between (12, 3) and (8, 4).
· The performance gap between 48 ports and 32 ports is relatively small, especially between (12, 2) and (8, 2), (8, 3) and (4, 4). 

Proposal 2-2  
· Support to study and down select from following antenna configurations.
· 128 ports: (8, 8), (16, 4)
· 96 ports: (8, 6), (12, 4), (16, 3)
· 72 ports: (6, 6), (12, 3)
· 64 ports: (8, 4), (16, 2)
· 48 ports: (6, 4), (8, 3), (12, 2)

Proposal 2-3  
· Study configuration of multiple legacy CSI-RS resources in TDM, FDM, or TDM+FDM transmission to support larger than 32 ports.
· Study the configuration restrictions for multiple legacy CSI-RS resources in TDM, FDM, or TDM+FDM transmission.
· Study the impact of phase difference brought by TDM transmitted multiple CSI-RS resources in different slots.

Proposal 2-4  
· For configured multiple CSI-RS resources as one CMR, one IMR (ZP-IMR/NZP-IMR) is configured.

Proposal 2-5
· For Type I codebook refinement for up to 128 ports, 
· for rank = 1 and the first layer of rank > 1, one SD beam can be selected and reported by directly extending the feedback range of  and  to new N1O1 and N2O2 values.
· For rank > 1, the SD beam selection for different layers needs to be studied.

Proposal 2-6
· For Type I codebook refinement for up to 128 ports, the two codebook modes and two codebook structures in legacy needs to be studied to avoid complicated design.

Proposal 2-7
· For Type II codebook refinement for up to 128 ports, the target codebook should be identified first.
· Support to prioritize Rel-16 eType II codebook. 

Proposal 2-8
· For Type II codebook refinement for up to 128 ports, 
· The supported port number and antenna configurations are the same as Type I codebook refinement. 
· The design on CMR configuration and IMR configuration is the same as Type I codebook refinement.

Proposal 2-9
· For Type II codebook refinement based on Rel-16 eType II codebook,
· The legacy paramCombination configurations are the baseline. FFS which paramCombination configuration(s) are supported for a (N1, N2) configuration.
· Support directly extending the feedback range for new (N1, N2) configurations.

Proposal 2-10 
· For multi-CRI reporting, multiple legacy CSI-RS resources can be configured as multiple CMRs for measurement. Following configuration restrictions are supported for multiple CSI-RS resources,
· The same resource set,
· The same powerControlOffsetSS, powerControlOffset configuration,
· Different/separate TCI state configuration.

Proposal 2-11
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and IMR.

Proposal 2-12
· For multi-CRI reporting, study the number of configured CMRs and at least 4 can be supported.

Proposal 2-13
· For multi-CRI reporting, study the following two options for the number of CRIs to be reported,
· Option 1: the number of CRIs to be reported by UE is configured by RRC,
· Option 2: the number of CRIs to be reported by UE is determined and reported by UE,
· The maximum number of CRIs to be reported by UE may be or may be not further configured by NW.

Proposal 2-14
· For multiple CSIs to be reported in one CSI report, study the relationship among those CSIs and overhead reduction methods, e.g., common RI report, differential quantization of wideband CQIs across multiple CSIs, etc.

Proposal 3-1
· For UE reporting enhancement for CJT deployments, consider all time misalignment (i.e., delay offset) and frequency/phase offset across TRPs as measured/reported offsets.

Proposal 3-2
· For UE reporting enhancement for CJT deployments, consider reference signals (from legacy CSI-RS) for measurement with the following characteristics.
· One OFDM symbol per TRP.
· Difference QCL source per TRP.
· Same frequency domain resources across TRPs.
· Same time-domain behavior across TRPs.

Proposal 3-3
· For UE reporting enhancement for CJT deployments, consider the following reporting metrics.
· Option 1: Proper (or non-proper) TRP selection.
· Option 2: Exact values of delay/frequency/phase offset.

Proposal 3-4
· For UE reporting enhancement for CJT deployments, if values of delay/frequency/phase are reported, discuss how to select “reference TRP”.
· Option 1: NW/gNB selects and configures a reference TRP.
· Option 2 (preferred): UE selects and reports a reference TRP.

Proposal 3-5
· For UE reporting enhancement for CJT deployments, if values of delay/frequency/phase are reported, discuss whether it is wideband or subband.

Proposal 3-6
· For UE reporting enhancement for CJT deployments, for time domain behavior of the report, consider the following options.
· Option 1: Aperiodic reporting on PUSCH (as captured in WID).
· Option 2: Periodic reporting on PUCCH, in addition to aperiodic reporting on PUSCH.
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[2] 3GPP RWS-230154, “Discussion on Release 19 MIMO enhancements”, Ericsson, June 2023

Appendix
Table A-1: Simulation Assumptions
	Parameter 
	Value 

	Scenario 
	Dense Urban (macro only) 

	Carrier frequency 
	4GHz

	Multiple access  
	OFDMA

	Inter-BS distance 
	200 m

	Channel model 
	According to the TR 38.901  

	Antenna setup and port layouts at UE 
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1)

	BS Tx power  
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz 

	BS antenna height  
	25 m

	BS noise figure 
	5 dB

	UE noise figure 
	9 dB

	UE antenna height
	1.5m

	Modulation  
	Up to 256 QAM

	Coding on PDSCH 
	LDPC

	Numerology 
	Slot/non-slot  
	14 OFDM symbols per slot

	
	SCS  
	30 kHz

	Simulation bandwidth  
	20 MHz

	Number of RBs 
	52 for 30 kHz SCS

	MIMO scheme 
	SU-MIMO

	CSI feedback 
	CSI feedback periodicity (full CSI feedback): 2.5 ms,
Scheduling delay (from CSI feedback to time to apply in scheduling): 2.5 ms 

	Traffic model 
	Full buffer 

	UE distribution 
	80% indoor (3km/h),  
20% outdoor (30km/h) 

	UE receiver 
	MMSE-IRC

	Feedback assumption   
	Realistic

	Channel estimation      
	Realistic
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