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Introduction
A new work item on NR MIMO enhancements (Phase 5) has been approved in [1]. In particular, the following objectives have been identified: 
	[bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
· 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



In this contribution, we discuss enhancements to support CSI feedback for up to 128 CSI-RS ports and inter-TRP measurement and reporting for CJT calibration. 
Discussions on CSI support for up to 128 CSI-RS ports
Mapping from CSI-RS resource to PMI precoding matrix
To support CSI reporting for up to 128 CSI-RS ports, aggregation of multiple CSI-RS resources is performed with ≤ 32 CSI-RS ports in each resource. Performance and efficiency of CSI feedback for a given UE which uses new PMI codebook defined for up to 128 CSI-RS ports does not depend on the exact CSI-RS resource/port mapping mechanism. However, for a system with legacy UEs supporting up to 32 CSI-RS ports, CSI-RS overhead is impacted by the ability to reuse CSI-RS REs for legacy UEs and Rel-19 UEs. 
For legacy UEs, there are different ways to convey precoding information for antenna with > 32 antenna ports by using CSI reporting with up to 32 CSI-RS ports per CSI report. Virtual sectorization approach assumes transmission of a CSI-RS port by using multiple antenna ports with beamforming weights defining a sector, where different CSI-RS resources may correspond to different virtual sectors. Virtual sector used for PDSCH transmission can be dynamically reported in each CSI report by using CSI feedback with CRI, or it can be pre-selected based on a CSI report for beam management or based on gNB-side measurements (e.g., SRS). 
Another approach for conveying precoding information for larger number of antenna ports is based on interpolation of precoding vector weights based on CSI feedback for a subset of antenna ports with non-precoded CSI-RS transmission (in this case each CSI-RS port correspond to an antenna port). CSI-RS transmission for virtual sectorization and interpolation approaches is schematically represented in Figure 1.


Figure 1. Sectorization and Interpolation approaches for conveying precoding information for 64 antenna ports with legacy CSI feedback for 32 CSI-RS ports
Considering that regular PMI codebooks for up to 128 CSI-RS ports are optimized for non-precoded CSI-RS port transmission (a CSI-RS port corresponds to an antenna port), it does not make sense to reuse CSI-RS resource with sectorization used for legacy UEs for a CSI report with up to 128 CSI-RS ports.
Observation 1: 
· If sectorization approach is used for legacy CSI reporting with up to 32 CSI-RS ports per CSI report it is recommended to reuse the same CSI-RS resource for legacy CSI feedback and CSI feedback with PMI for up to 128 CSI-RS ports.
For interpolation approach, since non-precoded CSI-RS transmission is used for legacy UEs, the same CSI-RS resource can be directly used for both CSI feedback with up to 32 CSI-RS ports and CSI feedback with up to 128 CSI-RS ports. In that case, CSI-RS ports should be mapped to antenna ports considering PMI structure and interpolation performance given that CSI-RS resource will correspond to a subset of antenna ports with certain mapping pattern. Thus, CSI-RS resource/port mapping to PMI can be modified to optimize the performance of legacy UEs reusing the same CSI-RS resource. 
Observation 2: 
· CSI-RS resource/port mapping to PMI can be modified for PMI reporting with up to 128 CSI-RS ports to optimize the performance of legacy UEs reusing a CSI-RS resource.
At the same time, considering that CSI-RS channel estimation error increases with larger distance in time/frequency between CSI-RS REs of different CSI-RS ports, RAN1 should carefully consider different CSI-RS resource/port mapping options to avoid performance degradation. Considering that up to two CSI-RS resources with 32 CSI-RS ports can be multiplexed in a PRB with flexible RE mapping, there is no need to consider CSI-RS channel estimation error impact for CSI with two aggregated CSI-RS resources. Thus, we propose to support CSI-RS resource/port mapping for 64 CSI-RS ports interlaced in N1 domain as illustrated in Figure 2. 


Figure 2. Interlaced CSI-RS resource/port mapping to PMI for 64 CSI-RS ports.
Proposal 1: 
· Support CSI-RS resource/port mapping to PMI interlaced in N1 domain for 64 CSI-RS ports.
CSI reporting for multiple CSI sub-configurations was introduced in Rel-18 Network Energy Saving (NES) WI. The supported enhancements allow to consider multiple CSI hypotheses with disabling of antenna ports or antenna elements for energy saving purposes. In our view, CSI support for up to 128 CSI-RS ports including refinement of PMI codebooks and extension of CRI reporting should leverage the CSI enhancements introduced in the Rel-18 NES WI. 
Proposal 2: 
· CSI support for up to 128 CSI-RS ports including refinement of PMI codebooks and extension of CRI reporting should leverage the CSI enhancements introduced in the Rel-18 NES WI.
Type I PMI codebook refinement
[bookmark: _Hlk158111393][bookmark: _Hlk158111454]Two different categories of Type I PMI codebooks are supported in NR from Rel-15: Type I Single-Panel Codebook and Type I Multi-Panel Codebook. Type I Single-Panel Codebook is optimised for URA while Type I Multi-Panel Codebook offers higher CSI accuracy for non-uniform multi-panel arrays at the expense of larger CSI overhead and higher PMI search complexity. Considering that simpler single-panel codebook can be also applied for a multi-panel array with performance, overhead and complexity trade-off shifted to the range of lower overhead and complexity, we propose to consider Type I single-panel PMI codebook with higher priority. The term 'Type I PMI codebook' further in this document refers specifically to the 'Type I single-panel PMI codebook' for brevity.
Proposal 3:
· Consider refinement of Type I Single-Panel PMI Codebook with a higher priority compared to Type I Multi-Panel PMI Codebook.
At the last RAN1 meeting six different schemes for Type I PMI codebook design were agreed for further downselection. Scheme 1 from the RAN1 agreement corresponds to the legacy (Rel-15) Type I PMI codebook design extended in straightforward manner to a larger number of CSI-RS ports. Legacy Type I PMI codebook corresponds to a basic CSI configuration with minimum number of bits enabling beamforming and spatial multiplexing capabilities for PDSCH transmission. Requirement on the low CSI overhead for Type I PMI codebooks impose additional constraints on the codebook design which lead to impaired DL performance and, in many cases, more complex PMI search algorithm. However, considering that Rel-15 PMI codebook design is well-studied and implemented in commercial devices already, straightforward extension of legacy Type I PMI codebook is beneficial to reduce standardization as well as implementation efforts. 
Observation 3: 
· Straightforward extension of legacy Rel-15 Type I PMI codebook is beneficial to reduce standardization as well as implementation efforts.
Legacy Type I PMI codebook supports two modes, where mode-1 is mandatory for all the UEs, and mode-2 is optional for UE support. Given that CSI overhead for mode-2 is much higher comparing to mode-2 without significant performance gains observed for mode-2 over mode-1, support of mode-2 for larger number of CSI-RS ports requires further justification. 
Also, for the legacy Type I PMI codebook with more than 12 CSI-RS ports, codebook design for rank 3-4 is significantly different comparing to rank 1-2 limiting the ability to reuse the same computations across layers and ranks at the UE side. PMI codebook with 12 or less CSI-RS ports does not have such drawback. Thus, our preference is to reuse simpler PMI codebook design which is aligned across different ranks. 
Based on the above discussion, we propose to support legacy Type I PMI codebook (Scheme 1) as the basic PMI codebook design for up to 128 CSI-RS ports. Further, we propose to consider mode-1 only for rank 1-2 and PMI codebooks corresponding to <16 CSI-RS ports for rank 3-4. 
Proposal 4:
· Support legacy Rel-15 Type I single-panel PMI codebook (Scheme 1) as the basic PMI codebook design for up to 128 CSI-RS ports.
· PMI codebook design corresponding to Mode-1 is reused for rank 1-2.
· PMI codebook design corresponding to <16 CSI-RS ports is reused for rank 3-4.
Scheme 2 for Type I PMI codebook design follows legacy principles including usage of a single SD vector per layer, where beam selection is reported per wideband, subband reporting of co-phasing between polarizations. Another principle which allows to significantly reduce the overhead for the legacy codebook is usage of polarization dimension to achieve orthogonality between layer pairs for rank 2-8. Thus, instead of 2 bits per layer per subband for QPSK inter-polarization co-phasing, 1 bit is reported for a layer pair resulting in 4x overhead reduction for i2 index (SB PMI). Further reduction of PMI overhead is possible if the same beam can be only selected across layers in a layer pair and if polarization co-phasing selection is constrained across layer pairs. 
According to the RAN1 agreement for Scheme 2, RAN1 should study common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection) and 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). 
In our view, given that Scheme 2 with common beam selection for layer pairs is almost the same as Scheme 1 for rank 2, common beam selection for layer pair shall be considered for rank 3-4 and higher ranks. Thus, we propose to consider the following sub-schemes for Scheme 2 for rank 1-4 PMI codebooks: 
· Scheme 2-1: Beam selection per layer for rank 1-4;
· Scheme 2-2: Beam selection per layer for rank 1-2, beam selection per layer pair for rank 3-4.
Separate beam selection per layer allows to optimally adjust beam direction and the corresponding polarization separately for each layer. However, it results in linear increase in CSI reporting overhead across ranks. Since RI is dynamically determined at the UE for each CSI report, gNB shall allocate enough resources to carry the maximum possible PMI overhead. Thus, maximum PMI overhead across all the ranks has a very high importance for a PMI codebook. PMI feedback overhead per each rank for different PMI codebook design schemes is illustrated in Figure 3 for 64 CSI-RS ports and 13 subbands, assuming (O1, O2) = (4, 4).
[image: ]
Figure 3. PMI reporting overhead for different PMI codebook design schemes per rank
To analyse performance of different sub-schemes of Scheme 2, SLS performance evaluations were carried out for 64 Tx antenna ports at the gNB, 4 Rx antenna ports at the UE, FTP 1 traffic model with low traffic load (~20% Resource Utilization). Performance results are presented in Table 1 and Figure 4. Detailed evaluation assumptions are presented in the Appendix. 
Table 1. Packet throughput for different PMI codebook design schemes
	PMI codebook
	Scheme 1
	Scheme 2-1
	Scheme 2-2

	Packet throughput (Mb/s)
	Average
	77.7 (0%)
	87.8 (13%)
	84.8 (9%)

	
	5% of CDF
	25.2 (0%)
	23.9 (-5%)
	24.9 (-1%)

	
	50% of CDF
	69.3 (0%)
	77.7 (12%)
	75.8 (9%)

	
	95% of CDF
	162.6 (0%)
	169.7 (4%)
	167.7 (3%)

	Resource utilization (%)
	21%
	20%
	20%

	Max PMI overhead (bits)
	35
	128
	66




Figure 4. Gain for average packet throughput vs. overhead for different PMI codebook design schemes
According to the above evaluation results, Scheme 2-1 and Scheme 2-2 has similar performance with 3% difference in average packet throughput and 4% difference in cell-edge packet throughput, while maximum PMI overhead values across different ranks is two times smaller for Scheme 2-2 comparing to Scheme 2-1. 
Observation 4:
· Scheme 2-1 and Scheme 2-2 have similar performance with 3% difference in average packet throughput and 4% difference in cell-edge packet throughput.
· Maximum PMI overhead values across different ranks is two times smaller for Scheme 2-2 comparing to Scheme 2-1.
Considering the above performance evaluation results, we propose to support Scheme 2 with beam selection per layer for rank 1-2 and beam selection per layer pair for rank 3-4 (Scheme 2-2) as additional mode for Type I PMI codebook for up to 128 CSI-RS ports. 
Proposal 5:
· Support Scheme 2 with beam selection per layer for rank 1-2 and beam selection per layer pair for rank 3-4 (Scheme 2-2) as additional mode for Type I PMI codebook for up to 128 CSI-RS ports.
One of the important PMI codebook design aspects is usage of oversampling for spatial domain DFT beams in the first and the second dimension of the antenna array (O1, O2). Legacy PMI codebooks supports (O1, O2) = (4, 4), where reporting of rotation factors corresponding to a set of N1·N2 mutually orthogonal DFT vectors selected from the full set of N1·O1·N2·O2 oversampled DFT vectors is commonly done across all the layers. Given that the PMI search complexity is drastically increasing for selection of the rotation factors per layer, we propose to reuse the legacy approach. PMI overhead related to indication of the rotation factors is log2(O1·O2); for (O1, O2) = (4, 4) and (O1, O2) = (2, 2) number of bits required to report rotation factors is 4 bits and 2 bits respectively. Regarding UE complexity, PMI search algorithm is up to UE implementation so that UE may sub-sample the DFT beams, if needed. Thus, we propose to support (O1, O2) = (4, 4) with layer-common selection of rotation factors. 
Proposal 6: 
· Support (O1, O2) = (4, 4) with layer-common selection of rotation factors
The following agreement was made at the last RAN1 meeting concerning PMI codebook design for rank 5-8. 
	Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support also RI=5-8, with lower priority than RI=1-4:
· FFS: Reduced complexity design, whether to reuse legacy RI=5-8 structure, based on the outcome of RI=1-4


Design of the legacy Type I PMI codebooks for rank 5-8 corresponds to constrained selection of beams per layer pair with orthogonalization of layers within layer pairs via polarization. Additionally, constraints for beam selection for the legacy codebooks does not allow to consider all the beam combinations across layer pairs to be reported. If all the beam combinations allowed for the PMI reporting are not aligned with the actual channel directions for a UE, higher ranks (rank 5-8) have lower chances to be selected impairing the performance for that UE. On top of this, indication of polarization co-phasing for the legacy codebook is less flexible and corresponds to BPSK alphabet for some layer pairs which may have negative impact on the performance. Thus, we propose to consider unconstrained selection of beam per each layer pair with QPSK polarization co-phasing for each layer pair (1 bit per layer pair per subband). 

Proposal 7: 
· For rank 5-8 Type I PMI codebooks with up to 128 CSI-RS ports, consider extension of legacy PMI codebooks with unconstrained selection of beam per each layer pair with QPSK polarization co-phasing reporting for each layer pair per subband
Type II PMI codebook refinement
According to the WID objective, Type II PMI codebook refinement should be based on legacy design without modifying any codebook parameter other than introducing additional values for the number of ports. At the last RAN1 meeting it was agreed to support refinement for Enhanced Type II PMI codebook (eType-II), Enhanced Type II PMI codebook for predicted PMI (eType-II Doppler) and Further Enhanced Type II Port Selection PMI codebook (feType-II PS). Further, RAN1 agreed to study at least the following issues for Type II PMI codebooks:
· How to configure the aggregated CSI-RS resources when aperiodic CSI-RS resources are configured as CMR for eType-II Doppler PMI codebook;
· Whether to introduce restriction on the parameter combination configuration for eType-II and feType II PS PMI codebooks to reduce/limit PMI overhead and/or UE complexity;
· Whether to support refinement on the SD basis selection indication design for eType-II and feType II PS PMI codebooks to reduce UE memory requirements;
· Whether to support refinement on the CBSR design for eType-II and feType II PS PMI codebooks to reduce RRC overhead (including moving (N1, N2) configuration out from CBSR IE).
[bookmark: _Hlk162894486]For Rel-18 eType-II Doppler PMI codebook, up to 12 aperiodic CSI-RS resources can be configured, where each CSI-RS resource correspond to repetition of the same CSI-RS ports (it is assumed that the same antenna ports are transmitted in different CSI-RS resources). Given that up to 4 CSI-RS resources are aggregated to support CSI for up to 128 CSI-RS ports, configuration of 12·4 = 48 CSI-RS resources is required. Since the maximum number of CSI-RS resources per CSI-RS resource set (maxNrofNZP-CSI-RS-ResourcesPerSet) is 64, there is no need to change RRC configuration design. Thus, a simple rule can be specified to separate CSI-RS resources with different antenna ports and CSI-RS resources corresponding to repetitions of the same antenna ports. For example, CSI-RS resources with indexes {k, k+K1, k+2·K1, …, k+(K2-1)·K1} may correspond to repetition of the same antenna ports, where k = 0,1,2,…,(K1-1), K1 – number of CSI-RS resources to aggregate up to 128 CSI-RS ports, K2 – number of time instances for CSI-RS (number o CSI-RS repetitions).
Proposal 8: 
· Support the following CSI-RS resource transmission rule to configure the aggregated CSI-RS resources when aperiodic CSI-RS resources are configured as CMR for eType-II Doppler PMI codebook:
· K1·K2 CSI-RS resources are configured, where CSI-RS resources with indexes {k, k+K1, k+2·K1, …, k+(K2-1)·K1} correspond to repetition of the same antenna ports, k = 0,1,2,…,(K1-1), K1 = {2, 3, 4} – number of CSI-RS resources to generate up to 128 CSI-RS ports, K2 = {4, 8, 12} – number of time instances for CSI-RS transmission (number of CSI-RS repetitions).
Type II PMI codebooks cover a broad range of different CSI overhead points as configurable codebook parameter combinations are used. Parameter combination mainly controls the number of basis vectors in spatial and frequency domain as well as the maximum number of non-zero coefficients. For eType-II PMI codebook, support for larger number of CSI-RS ports does not lead to increased number of basis vectors or non-zero coefficients given that those values are not dependant on the number of CSI-RS ports. Thus, all the legacy parameter combinations can be fully reused for eType-II PMI codebook with up to 128 CSI-RS ports. Similar logic is applied for eType-II Doppler PMI codebook. For feType-II PS PMI codebook with legacy parameter combinations, number of selected CSI-RS ports is increasing for larger number of CSI-RS ports, thus CSI reporting overhead and UE PMI search complexity is increasing as well. However, given that up to 64 ports are supported for 
feType-II PS PMI codebook in this release according to RAN1 agreement from the previous RAN1 meeting, increase in overhead and complexity is not critical. Hence, we propose to support legacy parameter combinations for feType-II PS PMI codebook with up to 64 CSI-RS ports. 
Proposal 9: 
· Legacy parameter combinations are reused for eType-II, e-Type-II Doppler and feType II PS PMI codebooks without additional restrictions.
Starting from Rel-15 Type II PMI codebook, selection of L SD basis vectors from the set of N1·N2 mutually orthogonal SD basis vectors is reported by using an index of combination. Such approach corresponds to the minimum possible number of reported bits, however, encoding of the corresponding bits involve an algorithm which may have certain challenges for implementation if N1·N2 and L is large. The challenges may include large number of bits required to represent integer number corresponding to number of combinations  and total memory size required to store a table with number of combinations  for different n and k, n = N1·N2, k = L. 
For eType-II PMI codebook with 128 CSI-RS ports and a parameter combination with L = 4, the difference in overhead between reporting of SD basis vectors selection via index of combination and via L indexes is 4 bits. Considering the minor difference in overhead, we think that RAN1 should consider simplification of SD basis selection reporting design. 
Proposal 10: 
· RAN1 to consider simplified encoding for indication of SD basis vectors selection for eType-II and 
eType-II Doppler PMI codebooks.
Extension of CRI reporting
At the last RAN1 meeting it was agreed to support reporting of M “quadruplets” (CRI, RI, PMI, CQI) for a single CSI report with Ks CSI-RS resources. The mechanism to determine M (e.g., via RRC configuration or UE reporting) is not yet defined as well as the maximum value for M (M = {1, 2, …, min(X, Ks)}). Assuming that the main purpose of multiple CRI reporting is to allow more UE co-scheduling opportunities for transmission 
(MU-MIMO pairing or frequency-selective scheduling) with a given analog beam for an antenna array with hybrid beamforming at the gNB, selection of M at the UE side may have a negative impact on the performance reducing the co-scheduling opportunities depending on the actual selection algorithm. UE selection of M value also requires an additional bitfield in the CSI part 1 which increases the CSI overhead comparing to predetermined M. Thus, we propose to support simpler solution with RRC configuration of M. 
One corner case which needs to be considered for the CRI reporting is reporting of out-of-range CQI values. In some cases (e.g., channel with dominant LoS ray), scheduling of a UE for an analog beam which corresponds to the reported out-of-range CQI does not make sense. Since CQI value is reported in the CSI part 1, we propose to consider dropping of CSI part 2 for a CRI value with out-of-range wideband CQI value reported in the CSI part 1. 
For the range of possible M values, a CSI report with Ks CSI-RS resources occupies Ks CPUs, and, according to the current RAN1 specification, a UE must have enough computational resources to calculate and report Ks (CRI, RI, PMI, CQI) “quadruplets” in separate CSI reports. Thus, the main reason to limit the number of reported CRI values is the CSI overhead. We don’t see a strong reason to limit CSI overhead for reporting of multiple CRI values since, in the worst-case scenario, partial CSI omission will be used to fit the CSI report in the resources allocated for UCI transmission. Considering the above discussion, if the value of M is RRC-configured, the range of M from 1 to Ks can be supported. 
Proposal 11: 
· Support RRC configuration for the number of “quadruplets” (CRI, RI, PMI, CQI) reported by the UE (M).
· Consider dropping of CSI part 2 for a CRI value corresponding to out-of-range wideband CQI value reported in the CSI part 1.
· The range of possible M values is M = {1, 2, …, Ks}.
NR specification supports partial UCI omission mechanism for the case of CSI payload size exceeding UCI container size. CSI bitfields are divided in groups with assigned priority, where CSI bitfield groups with lower priority are dropped in the event of partial UCI omission. For the reporting of multiple (CRI, RI, PMI, CQI) in a single CSI report, it is obvious that CSI information corresponding to the larger channel capacity has more importance. Given that RI and wideband CQI for the fist CW are reported in CSI part 1, it is possible to sort PMI and CQI for the second CW based on channel capacity estimated from the RI and wideband CQI for the first CW. The following equation can be used to calculate priority associated with kth reported CRI value, for k = 1, 2,…, M:
Priority(k) = 200·SE(WB_CQIk)·RIk + IDk,
where WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI, RIk is RI value reported in CSI part 1 for kth CRI, SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table, IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI (IDk = {1, 2, …, Ks}), multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical.
Proposal 12: 
· Order of bitfield groups corresponding to different CRI values in CSI part 2 is determined based on RI and WB CQI value for 1st CW reported in the CSI part 1
· The following priority function can be used: Priority(k) = 200·SE(WB_CQIk)·RIk + IDk, 
· k is the index of reported CRI value, for k = 1, 2,…, M,
· WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI
· RIk is RI value reported in CSI part 1 for kth CRI
· SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table
· IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI, IDk = {1, 2, …, Ks}
· Multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical
Discussions on UE reporting enhancement for CJT
In this section, we present our views on inter-TRP calibration measurement and reporting for CJT operation. The CJT calibration measurement includes inter-TRP delay, frequency and DL/UL Rx-Tx phase offset.
1.1 CJT calibration measurement
The primary motivation of inter-TRP calibration measurement is to enable TRPs to perform pre-compensation for coherent joint transmission so as to improve overall performance, particularly in scenarios where multiple TRPs are located at considerable distances. This calibration is also beneficial in TDD scenarios, where inter-TRP DL/UL calibration across TRPs can be used to ensure proper DL/UL reciprocity holds.
At the RAN1#116 meeting, several use cases have been identified for CJT calibration measurement and reporting. In particular, for delay and frequency offset reporting, TRP selection and per-TRP delay and frequency offset compensation at the network are agreed as the primary use cases for CJT operation. Similarly, for DL/UL Rx-Tx phase offset reporting, the use cases include TRP selection and per-TRP DL/UL Rx-Tx phase compensation at the network for reciprocity [3]. 
Further, it was agreed that up to 4 NZP CSI-RS resources/resource sets can be configured by higher layer signaling for CJT calibration reporting [3]. Considering that TRS is commonly utilized for timing and frequency tracking purposes, it would be more appropriate to consider TRS resource sets for CJT calibration measurement and reporting. This can also help reduce UE implementation complexity as the timing and frequency offset estimation between TRP pairs may be reused. 
When multiple TRS resource sets are configured for CJT calibration measurement, same bandwidth and subcarrier locations can be configured for the TRS resources in different TRS resource sets, which may be beneficial in term of simplifying the UE implementation for delay and frequency offset estimation. Similarly, configuring same resource type across various TRS resource sets can be preferrable for CJT calibration reporting. 
Proposal 13: 
· Multiple TRS resource sets can be configured for delay and frequency offset measurement CJT calibration.
· When more than one TRS resource sets are configured, same bandwidth, subcarrier locations, and resource types are configured for TRS resources across different TRS resource sets. 
For inter-TRP delay offset measurement and reporting, DL relative timing difference between reference TRP and other TRP can be defined. At the RAN1#116 meeting, the following two alternatives were agreed for delay offset reporting, i.e., the value of delay offset indicates the interval  which the delay offset falls into
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· [bookmark: _Hlk161815300]Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
The main difference between these two alternatives is whether the reported delay offset is only a positive value (Alt. 1) or can be either negative or positive value (Alt. 2). As mentioned in the following section, if the reference TRP is selected by UE for CJT calibration reporting, Alt. 1 can be supported so as to slightly reduce the signalling overhead. For instance, UE may determine the TRP with smallest time of arrival as the reference TRP and report this along with delay offset. 
Further, for inter-TRP frequency offset measurement and reporting, the following alternatives were agreed for the values of frequency offset:
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
a. 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
a. Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
b. Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
Following the same design principle for inter-TRP delay offset reporting, the frequency offset can be always positive value based on the selected reference TRP. Hence, in our view, Alt2B can be supported for the inter-TRP frequency offset reporting, which would enable a unified reporting framework for both delay and frequency offset measurement. 
Proposal 14: 
· For inter-TRP delay offset reporting, support Alt2, i.e.,  is uniformly spaced between -AD and AD, i.e. , with 
· For inter-TRP frequency offset reporting, support Alt2B, i.e.,  is uniformly spaced between 0 and AFO, i.e. .
At the RAN1#116 meeting, it was agreed to study whether to support DL/UL Rx-Tx phase offset for CJT operation. Further, it is FFS on whether subband or wideband reporting is supported for phase offset [3]. It should be noted that per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity, e.g. using both CSI-RS and SRS for measurement was identified as one of the use cases. 
For TDD system, UE transmits the SRS to various TRPs for DL channel sounding due to reciprocity. These TRPs then measure the UL initial phase from the received SRS and exchange this information to jointly determine the inter-TRP UL phase offset. Further, UE may measure and report the inter-TRP phase difference based on the CSI-RS transmission from the different TRPs. By utilizing both the reported inter-TRP DL phase offset and measured UL phase offset, the network can calculate the phase offset for reciprocity compensation during CJT operation. 
Hence, it is beneficial to support DL/UL Rx-Tx phase offset reporting for CJT calibration reporting. However, given that inter-TRP delay offset is supported for CJT calibration reporting, it is not clear the motivation to support subband based reporting for phase offset. In our view, only wideband based reporting for DL/UL Rx-Tx phase offset should be supported. 
Proposal 15: 
· Support DL/UL Rx-Tx phase offset reporting.
· Only wideband reporting is supported. 
1.2 CJT calibration reporting
At the RAN1#116 meeting, a reference CSI-RS resource/resource set was agreed where the delay, frequency and DL/UL Rx-Tx phase offset is measured from a TRP relative to the reference TRP [3]. Figure 5 illustrates reference TRP for CJT calibration measurement.
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[bookmark: _Ref158239775]Figure 5. Reference TRP for CJT calibration measurement
Further, several options have been agreed for further study to identify a reference TRP, i.e., whether the reference TRP needs to be fixed, configured by the network, or selected by UE for CJT calibration reporting [3]. For these options, if the reference TRP is configured by the network, this would offer greater flexibility compared to the case when the reference TRP is always fixed for CJT operation. For instance, depending on the deployment scenario, the network may know roughly on the timing delay misalignment between pairs of TRPs. In this case, fixing a reference TRP may lead to out of range timing delay measurement for certain TRPs. 
It should be noted that after the estimation of the inter-TRP delay, frequency and phase offset, UE may gain better insights on the misalignment between TRPs. In this scenario, UE may be able to select an appropriate TRP as a reference so as to ensure the positive value of delay or frequency offset in the reporting, which may help reduce signaling overhead slightly. Alternatively, if the reference TRP is configured by the network or fixed in the specification, UE would need to report both negative and positive values for delay or frequency offsets relative to the reference TRP.  
Based on the discussions above, it is slightly preferrable to support UE selection of reference TRP in the CJT calibration reporting. In particular, CSI-RS resource or resource set ID may be included in the CJT calibration report to indicate the reference TRP. 
Proposal 16: 
· For CJT calibration reporting, support UE selection of reference TRP.
Further, at the RAN1#116 meeting, several options have been identified for CJT calibration reporting [3]:
· 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
Given that the main purpose of CJT calibration measurement and reporting is to ensure effective CJT operation, the network may aim to gather feedback from UEs regarding inter-TRP delay, frequency, and phase offset as much as possible. Following this design principle, it may not be appropriate to consider Option 2, which involves dynamically indicating a subset of TRPs for CJT measurement and reporting. Such an approach could potentially complicate the signaling design.
The choice between Option 1 and Option 3 depends highly on the accuracy and exact payload size of CJT calibration report. If large payload size for CJT calibration report is considered, it is more reasonable to support Option 3, which would allow UE to select a subset of TRPs for CJT calibration reporting, and thereby reducing the signalling overhead. For instance, if the CJT calibration reporting is utilized for TRP selection use case, only the delay or frequency offset of a subset of TRPs, relative to reference TRP below a specified threshold, may be reported. 
On the other hand, if the payload size of CJT calibration reporting is relatively small, UE selection of TRPs from configured set of TRPs may not result in a significant reduction in signaling overhead. Instead, if UE reports the inter-TRP delay, frequency or phase offset from all configured TRPs relative to the reference TRP, the network may gain full knowledge of misalignment between TRPs. Such a mechanism would be preferable as it enables the gNB to make proper scheduling decision for CJT operation. 
Based on the discussions above, it is more appropriate to consider Option 1, i.e., UE reports the CJT calibration measurement for all the configured NZP CSI-RS resources/resource sets. 
Proposal 17: 
· For CJT calibration reporting, support Option 1, i.e., UE reports for all the configured NZP CSI-RS resources/resource sets.
Further, if the UE to report the inter-TRP delay, frequency or phase offset from all configured TRPs relative to the reference TRP, all the measurement can be included into a single CSI part for CJT calibration reporting. This would follow the same design concept for Rel-18 TDCP reporting mechanism. 
Proposal 18: 
· CJT calibration measurement is reported using a single CSI part. 
1.3 QCL assumptions
In Rel-18, the following two QCL assumptions were supported for PDSCH applying both indicated TCI states for CJT operation:
· if the UE is configured with cjtSchemeA, the UE assumes that PDSCH DM-RS port(s) are QCLed with the DL RSs of both indicated TCI-States with respect to QCL-TypeA.
· if the UE is configured with cjtSchemeB, the UE assumes that PDSCH DM-RS port(s) are QCLed with the DL RSs of both indicated TCI-States with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
For CJT calibration measurement and reporting, once the network receives the information of the inter-TRP delay and frequency offset from the UE, it can conduct pre-compensation on the average delay between TRPs to facilitate CJT operation. In this scenario, UE may not assume that the PDSCH DMRS port is QCLed with the DL RS from the TRP with respect to the average delay. Hence, a new QCL assumption may need to be defined for pre-compensation on the average delay for CJT operation.
 Proposal 19: 
· Support a new QCL assumption for pre-compensation on the average delay for CJT operation.
Conclusion
In this contribution, we have provided our views on enhancements to support CSI feedback for up to 128 CSI-RS ports and inter-TRP calibration measurement and reporting for CJT operation. The following proposals and observations were made: 
Observation 1: 
· If sectorization approach is used for legacy CSI reporting with up to 32 CSI-RS ports per CSI report it is recommended to reuse the same CSI-RS resource for legacy CSI feedback and CSI feedback with PMI for up to 128 CSI-RS ports.

Observation 2: 
· CSI-RS resource/port mapping to PMI can be modified for PMI reporting with up to 128 CSI-RS ports to optimize the performance of legacy UEs reusing a CSI-RS resource.
Proposal 1: 
· Support CSI-RS resource/port mapping to PMI interlaced in N1 domain for 64 CSI-RS ports.
Proposal 2: 
· CSI support for up to 128 CSI-RS ports including refinement of PMI codebooks and extension of CRI reporting should leverage the CSI enhancements introduced in the Rel-18 NES WI.
Proposal 3:
· Consider refinement of Type I Single-Panel PMI Codebook with a higher priority compared to Type I Multi-Panel PMI Codebook.
Observation 3: 
· Straightforward extension of legacy Rel-15 Type I PMI codebook is beneficial to reduce standardization as well as implementation efforts.
Proposal 4:
· Support legacy Rel-15 Type I single-panel PMI codebook (Scheme 1) as the basic PMI codebook design for up to 128 CSI-RS ports.
· PMI codebook design corresponding to Mode-1 is reused for rank 1-2.
· PMI codebook design corresponding to <16 CSI-RS ports is reused for rank 3-4.
Observation 4:
· Scheme 2-1 and Scheme 2-2 have similar performance with 3% difference in average packet throughput and 4% difference in cell-edge packet throughput.
· Maximum PMI overhead values across different ranks is two times smaller for Scheme 2-2 comparing to Scheme 2-1.
Proposal 5:
· Support Scheme 2 with beam selection per layer for rank 1-2 and beam selection per layer pair for rank 3-4 (Scheme 2-2) as additional mode for Type I PMI codebook for up to 128 CSI-RS ports.
Proposal 6: 
· Support (O1, O2) = (4, 4) with layer-common selection of rotation factors
Proposal 7: 
· For rank 5-8 Type I PMI codebooks with up to 128 CSI-RS ports, consider extension of legacy PMI codebooks with unconstrained selection of beam per each layer pair with QPSK polarization co-phasing reporting for each layer pair per subband
Proposal 8: 
· Support the following CSI-RS resource transmission rule to configure the aggregated CSI-RS resources when aperiodic CSI-RS resources are configured as CMR for eType-II Doppler PMI codebook:
· K1·K2 CSI-RS resources are configured, where CSI-RS resources with indexes {k, k+K1, k+2·K1, …, k+(K2-1)·K1} correspond to repetition of the same antenna ports, k = 0,1,2,…,(K1-1), K1 = {2, 3, 4} – number of CSI-RS resources to generate up to 128 CSI-RS ports, K2 = {4, 8, 12} – number of time instances for CSI-RS transmission (number of CSI-RS repetitions).
Proposal 9: 
· Legacy parameter combinations are reused for eType-II, e-Type-II Doppler and feType II PS PMI codebooks without additional restrictions.
Proposal 10: 
· RAN1 to consider simplified encoding for indication of SD basis vectors selection for eType-II and 
eType-II Doppler PMI codebooks.
Proposal 11: 
· Support RRC configuration for the number of “quadruplets” (CRI, RI, PMI, CQI) reported by the UE (M).
· Consider dropping of CSI part 2 for a CRI value corresponding to out-of-range wideband CQI value reported in the CSI part 1.
· The range of possible M values is M = {1, 2, …, Ks}.
Proposal 12: 
· Order of bitfield groups corresponding to different CRI values in CSI part 2 is determined based on RI and WB CQI value for 1st CW reported in the CSI part 1
· The following priority function can be used: Priority(k) = 200·SE(WB_CQIk)·RIk + IDk, 
· k is the index of reported CRI value, for k = 1, 2,…, M,
· WB_CQIk is wideband CQI index for 1st CW reported in CSI part 1 for kth CRI
· RIk is RI value reported in CSI part 1 for kth CRI
· SE(CQI) is spectral efficiency as a function of CQI index corresponding to efficiency row from the configured CQI table
· IDk is the ID corresponding to the CSI-RS resource selected by the kth CRI, IDk = {1, 2, …, Ks}
· Multiplier 200 is needed in order to make sure that CSI-RS resource ID has an impact on the priority value only if the capacity for different CRI values is identical
Proposal 13: 
· Multiple TRS resource sets can be configured for delay and frequency offset measurement CJT calibration.
· When more than one TRS resource sets are configured, same bandwidth, subcarrier locations, and resource types are configured for TRS resources across different TRS resource sets. 
Proposal 14: 
· For inter-TRP delay offset reporting, support Alt2, i.e.,  is uniformly spaced between -AD and AD, i.e. , with 
· For inter-TRP frequency offset reporting, support Alt2B, i.e.,  is uniformly spaced between 0 and AFO, i.e. .
Proposal 15: 
· Support DL/UL Rx-Tx phase offset reporting.
· Only wideband reporting is supported. 
Proposal 16: 
· For CJT calibration reporting, support UE selection of reference TRP.
Proposal 17: 
· For CJT calibration reporting, support Option 1, i.e., UE reports for all the configured NZP CSI-RS resources/resource sets.
Proposal 18: 
· CJT calibration measurement is reported using a single CSI part. 
Proposal 19: 
· Support a new QCL assumption for pre-compensation on the average delay for CJT operation.
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Appendix
Table 2. Evaluation assumptions for System Level Simulations
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal grid with 1 tier (7 sites, 21 cells)

	ISD
	500 m

	Carrier frequency
	3.5 GHz 


	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	41 dBm

	UE distribution
	Uniform, 80% Indoor (3 kmph), 20% Outdoor (30 kmph)

	UE antenna configuration
	4 Rx X-pol slant 0/90 degrees, 0.5 λ spacing in horizontal

	BS antenna configuration
	64 ports: (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8) λ

	Traffic model
	FTP 1 with 0.5 Mbytes packet size, 
Low traffic load (~20% Resource Utilization)

	TRP association
	RSRP based,
Handover margin = 0 dB

	Transmission mode
	MU-MIMO with rank adaptation,
Max UE rank = 4, Max BS rank = 12.

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	4 HARQ transmissions max



Average Packet Throughput, 20% RU

Scheme 1	35	0	Scheme 2-1	128	0.1294489962114298	Scheme 2-2	66	9.077451828862193E-2	Overhead (bits)


Gain (%)
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