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1. INTRODUCTION
For Rel-19, a WID was proposed to further enhance the MIMO feature [1]. This agenda item covers the second and third objectives. The second objective targets enhancements to the CSI for up to 128 CSI-RS ports: 
	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



The third objective targets enhancements for supporting CJT deployments:
	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 issues on Objectives 2 and 3 in Sections 2 and 3, respectively.   

2. ENHANCEMENTS FOR UP TO 128 CSI-RS PORTS
[bookmark: _Hlk46150012]2.1 Background and Motivation
New Radio (NR) supports two codebook-based downlink CSI acquisition schemes, namely Type-I and Type-II CSI. Both schemes support a maximum of 32 CSI-RS ports in a CSI resource. The overall system performance, especially coverage and the throughput performance depend on the number of CSI-RS ports. Therefore, it is essential to increase the number of CSI-RS ports to enhance coverage and throughput performance. Rel-19 aims to refine Type-I and Type-II codebooks to extend the number of CSI-RS ports from 32 up to 128 CSI-RS ports.
 
In Type-I and Type-II CSI, the UE selects a PMI from a pre-defined codebook, where the number of available DFT vectors in the codebook is a function of the number of CSI-RS ports and the DFT-oversampling. Particularly, the total number of DFT vectors in the codebook is given by , where  and  are the number of antenna ports per polarization in a horizontal and vertical dimension and where  and  are the DFT beam oversampling factors in a horizontal and vertical dimension, respectively. The PMI structure of both Type-I and Type-II in matrix form can be expressed as , where  captures the wideband information of the channel and where  captures detailed sub-band information of the channel.  
With more than 2 antenna ports, Type-I CSI supports two modes of operation defined by the RRC parameter codebookMode, namely Mode 1 and Mode 2. 
· Type-I Mode 1: UE measures a CSI resource and determines a single DFT vector from the pre-defined codebook as a wideband PMI. The UE also determines a co-phasing value to co-phase the cross-polarization antenna ports. The overhead of reporting the wideband PMI or  is  and  bits to identify the DFT vector index in the respective horizontal and vertical dimensions, whereas the overhead of reporting the co-phasing can be up to 2 bits per sub-band.
· Type-I Mode 2: The codebook is divided into multiple DFT vector groups where each group contains four DFT vectors. The UE measures a CSI resource and reports a DFT vector group as a wideband PMI or . In each sub-band, the UE also determines one out of the available four DFT vectors in  and reports it to the gNB. Therefore, the overhead of PMI reporting in Mode 2 is  and  bits to identify the DFT vector group and 2 bits per sub-band for selecting one out of the available four DFT vectors. Compared to Mode 1, the PMI in Mode 2 is optimized at a sub-band level and results in some throughput enhancements at the expense of an increased feedback overhead.
Type-I CSI also supports multi-panel operation and hybrid beamforming-based CSI determination and reporting.
· Type-I Multi-Panel (MP): the number of CSI-RS ports in a Type-I MP codebook is restricted to 8, 16 and 32 across all panels to facilitate implementation. The supported number of layers across all panels in Type-I MP is reduced to 4. The PMI of Type-I MP is similar to Type-I Single Panel (SP). The UE determines a precoder on one panel; the same precoder is used on all the panels. An inter-panel co-phasing is introduced to co-phase the precoders between panels. 
· CRI based CSI: NR supports CRI based CSI with up to 8 CSI resources and where each resource can have up to 8 CSI-RS ports. This CSI is used for a hybrid beamforming approach where each CRI is associated to a CSI-RS resource, and the network applies a different analog precoder on each CSI-RS resource. The UE measures a CSI conditioned on each CRI. The UE identifies the best CRI and reports a CSI along with the CRI. Both Type-I SP and Type-I MP supports CRI based CSI.
NR also supports an upgraded variant of Type-I CSI, known as the Type-II CSI to better characterize a multi-path channel. One major difference between Type-I and Type-II CSI is the number of selected DFT vectors in . Type-I supports a single beam operation whereas Type-II supports multiple beams operation, where each beam has its corresponding beam-combining co-efficient and which corresponds to amplitude scaling and angular information of a path. Type-II provides a higher resolution CSI which enables the network to generate more accurate precoders. Type-II is also typically more beneficial for MU-MIMO user pairing since it provides better spatial separation between users which reduces inter-user interference. Therefore, Type-II CSI outperforms Type-I but at the expense of an increased feedback overhead due to the UE reporting a linear combination of multiple beams which includes quantized beam-combining coefficients. 
The structure of Type-II codebook is similar to Type-I, i.e., , where unlike Type-I CSI, multiple DFT vectors are contained in  of a Type-II PMI. The beam-combining coefficients are captured in . In Rel-16, an enhanced variant of Type-II CSI was introduced to prevent excessive growth of the UCI payload size through a frequency domain (FD) compression of the beam-combining coefficients. However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of sub-bands. In Enhanced Type-II, the supported number of beams were increased from 4 to 6, and the supported number of layers were increased from 2 to 4. In Rel-18, the support for Type-II CSI was also extended to a high Doppler and CJT use-cases.
In this contribution, we present our views on increasing the number of CSI-RS ports and CJT calibration.
 
2.2 Codebook Refinement for Type-I CSI
In RAN 116, the following agreement was made regarding Type-I codebook refinement for up to 128 CSI-RS ports:
	Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme 1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources.
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank - 3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme 2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme 2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme 3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers.
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme 4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports.
· Scheme 5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook.
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme 6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings.

FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific.
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported.
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead



During offline discussions leading to this meeting [5], a preliminary proposal was made addressing Rel-19 refinements for Type I codebook:
	Proposal 1.A.1:
For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, support the following:
· Mode-A (based on Scheme 1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Mode-B (based on Scheme2 in RAN1#116bis agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1 , q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet [{+1, -1}] [{+1, +j, -1, -j}]
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported.
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed



First, we summarize all seven schemes.
· Scheme-1 is the most straight-forward extension of legacy Rel-15 Type-I SP codebook for  number of CSI-RS ports across the aggregated CSI-RS resources. Mode-A for proposal 1.A.1 already covers the two FFSs in Scheme-1.
· In Scheme-2, the DFT vectors selection  is identical to the Rel-16 eType-II codebook. In eType-II, more than one DFT vectors can be selected out of  DFT vectors, whereas in Scheme-2, for each layer, only one DFT vector can be selected out of the available  DFT vectors. 
· Scheme-2B and Scheme-B has the same  structure but different  structures. The  structure of Scheme-2B has a layer-specific inter-polarization or intra-polarization amplitude and phase scaling whereas the  of Scheme-2 offers layer-specific inter-polarization co-phasing. 
· In Scheme-3, unlike Scheme-2 and 2B, more than one () layer-common DFT-vectors can be selected out of the available  DFT vectors. In  of Scheme-3, for each layer, a DFT vector can be selected out of the selected  vectors or alternatively, a layer-specific wideband linear combination of the vectors can be performed.
· In scheme-4 and 6, a component PMI is determined for each CSI-RS resource and then combined using a co-phasing factor to obtain a single precoder for more than 32 ports. The  structure of Scheme-4 and 6 is based on Rel-15 Type-I and the  includes the co-phasing information to obtain a single precoder.
· Scheme-5 is a straight-forward extension of Rel-15 Type-I codebook. In Rel-15 Type-I, the  and corresponds to a DFT vector for the first layer. A DFT vector for a second layer can be selected from one of the four DFT vectors orthogonal to the 2D-DFT vector selected for the first layer. Scheme-5 aims increase the selection choice for the second layer from four to  number of DFT vectors.

In our view, Scheme-1 is the most straight-forward solution with minimal specification impact. Scheme-1 includes an FFS on whether to support codebook mode-1, codebook mode-2, or both for Rel-19 Type-I CSI. Since legacy codebook mode-2 results in more overhead, higher complexity, and limited throughput enhancement, we believe that supporting scheme-1 with codebook mode-1 ( is sufficient. Scheme-1 also includes an FFS on the codebook structure for rank-3 and rank-4. Legacy Rel-15 Type-I codebook uses DFT vectors segmentation for rank-3 and rank-4 when the number of CSI-RS ports is more than or equal to 16, i.e.,  with and  In our view, such segmented structure of the DFT vectors for rank-3 and rank-4 when the number of CSI-RS ports is greater than or equal to 16 is not necessary for Rel-19 CSI. We support the same codebook structure for rank-3 and rank-4 regardless of the number of CSI-RS ports. Mode-A of proposal 1.A.1 is the same as scheme-1 with support only for codebook mode-1, i.e., with no support for SD basis selection and reporting at a sub-band level and the same codebook structure for rank-3 and rank-4. Therefore, we are okay with mode-A of proposal 1.A.1.
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Figure 1 Throughput comparison of legacy Rel-15 Type-I, scheme-1 and SVD based precoding at 60% resource utilization.

We compared throughput performance of scheme-1 to legacy Rel-15 Type-I and SVD based precoding. Figure 1 presents normalized average throughput performance of legacy Rel-15 Type-I and scheme-1 and SVD based precoding at 60% resource utilization. It can be observed that an increment in the number of CSI-RS ports enhances throughput performance. Scheme-1 with 64 CSI-RS ports achieves 25% gain over legacy Type-I with 32 CSI-RS ports. 
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Figure 2 Throughput comparison of legacy Rel-15 Type-I, scheme-1, and SVD based precoding at 40% resource utilization.

Figure 2 presents normalized average throughput performance of legacy Rel-15 Type-I, scheme-1, and SVD based precoding at 40% resource utilization. Scheme-1 with 64 CSI-RS ports achieves 19% gain over legacy Type-I with 32 CSI-RS ports. Based on the simplicity of legacy Rel-15 Type-I () and the throughput gains of scheme-1, we make the following observation and proposal.

Observation 1: Legacy codebook mode-2 causes an un-necessary UE complexity and CSI overhead for limited throughput enhancement.

Proposal 1: Support scheme-1 with codebook mode-1 or mode-A of proposal 1.A.1. 


Figure 3 Example of DFT vectors selection in legacy eType-II and Mode-B of proposal 1.A.1

Figure 3 presents an example of the DFT vectors selection in eType-II and mode-B for  and  In eType-II, the UE selects layer-common DFT vectors whereas in mode-B, layer-specific DFT vectors are selected. 
· In Rel-16 eType-II, the UE reports  and  using  bits. The selected  and  values are associated with a set of  orthogonal DFT vectors. The UE also selects and reports up to  6 DFT vectors from the set of  orthogonal DFT vectors using  bits. This ensures that the selected  DFT vectors are orthogonal to each other. 
· In Mode-B, the UE first selects the  and . The selected  and  values are associated with a set of  orthogonal DFT vectors. For each layer, the UE then selects a single DFT vector out of the  orthogonal DFT vectors. This ensures that the selected DFT vectors for different layers remains orthogonal to reduce inter-layer interference. In mode-B, the overhead of reporting  and  is  bits and the overhead of reporting DFT vector for each layer is   bits.

Mode-B with layer-common  and  selection and layer-specific DFT vectors selection results in reduced UE complexity and feedback overhead in terms of , , and DFT vectors selection and reporting. For example, in Mode-B, instead of selecting  and  for each layer, the  and  values are selected for a single layer and are assumed common across all layers. Similarly, selection of the DFT vector for each layer is from a restricted set with  number of DFT vectors instead of an un-restricted set with  number of DFT vectors. Since the DFT vectors in the restricted set are orthogonal to each other. 

Observation 2: Based on layer-common  and  selection and layer-specific DFT vector selection in mode-B, the following observations are made.
· Reduced UE complexity in terms of  and  selection
· Reduced UE complexity in terms of DFT vectors selection
· Reduced feedback overhead of reporting  and DFT vectors. 
· Selected DFT vectors remains orthogonal across all layers. 

Proposal 2: Support mode-B of proposal 1.A.1. 
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Figure 4 Feedback overhead comparison of reporting DFT vectors in Rel-16 eType-II, Mode-B, and mode-C.

On the FFS for Mode-C
Proposal 1.A.1 includes an FFS on whether to support mode-C, which is based on scheme-5. In our understanding, legacy mode-2 is conceptually similar to mode-C. In legacy mode-2, the UE selects a DFT vector from a set of 4 DFT vectors at a sub-band level. In mode-C, the UE selects a DFT vector for a first layer from a set of  number of DFT vectors. For each of the remaining layers, the UE selects a single DFT vector from a restricted set with  number of DFT vectors. Various companies have argued against supporting legacy mode-2 for Rel-19 CSI as it causes unnecessary overhead, complexity and in return offers only limited throughput gains. In our view, comprehensive simulation results are needed to justify the need for supporting mode-C. In terms of feedback overhead, we compared Rel-16 eType-II, mode-B and mode-C in terms of  reporting overhead in Fig 4. In eType-II,  represents the number of DFT vectors commonly selected for all layers. In Mode-B and scheme-5,  represents the number of layers, and for each layer a single () DFT vector is independently selected out of the  DFT vectors. The comparison is based on the following feedback overhead expressions. 

In our view, compared to Type-II, the Type-I codebook is an economy scheme. However, the  feedback overhead of mode-B and mode-C is higher than that of eType-II for the same settings of  and  Particularly, the  feedback overhead of mode-B and mode-C linearly increases with the number of layers (V). Based on the overhead comparison, we prefer mode-B over mode-C.

Observation 3: Mode-C results in higher feedback overhead as compared to mode-B and eType-II. 

Proposal 3: Support prioritizing mode-B over mode-C. 

On the FFS for inter-polarization amplitude scaling in Mode-B
	As mentioned earlier, Type-I codebook is an economy scheme as compared to the Type-II codebook. One of the major differences between the Type-I and the Type-II codebook is the linear amplitude scaling. In eType-II, the UE reports a per polarization linear combining coefficients (i.e., an amplitude scaling coefficient and a phase coefficient) for one or more sub-bands. The feedback overhead of Rel-16 eType-II is dominated by the linear combining coefficients. The introduction of inter-polarization amplitude scaling values would result in excessive feedback overhead which will make mode-B identical to eType-II, thereby limiting the option of having an economy CSI scheme. Therefore, to keep Rel-19 Type-I as the economy scheme in comparison to Rel-19 Type-II, it is essential to design it with smaller feedback overhead. 

Observation 4: Inter-polarization amplitude values will further increase the feedback overhead of mode-B.

Proposal 4: Do not support inter-polarization amplitudes for mode-B. 
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Figure 5 CBSR overhead for 48, 64, and 128 ports with based on the simple extension of the legacy CBSR methods used in Type-I and Type-II codebooks.

On the FFS for CBSR overhead reduction
	A straight-forward way of designing CBSR for Rel-19 Type-I codebook is to increase the bit-width of the legacy Type-I CBSR. The overhead of legacy Type-I CBSR is  bits.  For example, for  4 and  the legacy CBSR has an overhead of 256 bits. For Rel-19 128 ports case with   = 4, the CBSR will have an overhead of 1024 bits. Therefore, it is essential to reduce the CBSR overhead. The overhead of legacy Type-II CBSR is  bits for selection of the 4 vector groups and additional  bits for UEs not supporting amplitudeSubsetRestriction in its capabilities and additional  bits for UEs supporting amplitudeSubsetRestriction in its capabilities. For Rel-19 48, 64, and 128 port cases with the CBSR overhead based on the simple extension of the CBSR methods used in legacy Type-I and Type-II codebooks is shown in Fig 5. It can be observed that the overhead of Type-I CBSR is higher than the overhead of Type-II CBSR. 

In our view, an efficient design of Rel-19 CBSR depends on the choice of the codebook schemes under discussion. For example, for scheme-1, extending the bit-width of legacy Type-I CBSR is a more natural choice but for scheme-2, a legacy Type-II based CBSR seems a much better option as the scheme-2 design is based on eType-II with . Since our preference is mode-B, we support a CBSR design like the legacy Type-II CBSR method for scheme-2.  

Observation 5: The following observations are made,
· The design of scheme-2 is based on the eType-II with 
· The CBSR of eType-II has a smaller overhead as compared to the CBSR of Type-I.

Proposal 5: Support designing a CBSR method for Rel-19 Type-I (scheme-2) based on the legacy CBSR design of eType-II. 

On the FFS for scheme 4
In our understanding, scheme-4 can also be used with single-panel (SP). In SP scheme-4, a component PMI is selected based on each of the aggregated CSI-RS resources and then a co-phasing value is used to combine all the component PMIs to determine a single PMI. For the sake of discussion, assume a CSI-RS resource set with  number of aggregated CSI-RS resources with  number of ports in each of the  CSI-RS resources and  number of ports across the  aggregated CSI-RS resources. For example, a CSI-RS resource set can have  resources where each resource is  ports with 64 number of ports across the aggregated 2 CSI-RS resources. For  and  ports per CSI-RS resources, the PMI determined based on scheme-4 can be expressed as follows:

where both  and  are determined from a codebook with  DFT vectors and  is a co-phasing factor to co-phase  and . In the remaining schemes, a single PMI is determined across the aggregated resources and from a codebook with DFT vectors. Next, we compare scheme-4 and scheme-1 in terms of UE memory requirement for PMI determination, PMI feedback overhead, CBSR overhead and throughput performance.
· Consider codebook size as a measure of the UE memory requirement for PMI determination, it can be observed that scheme-4 requires smaller memory as compared to the remaining schemes. In fact, a UE supporting scheme-4 will have the same memory requirement as a legacy UE.
· The overhead of reporting  DFT vector in scheme-1 is  bits. The overhead of reporting  per CSI-RS resource for all  CSI-RS resources is  bits. The  overhead of scheme-4 is a few bits higher than scheme-1. 
· Simple extension of legacy CBSR will result in CBSR overhead of  bits. Re-using legacy Type-I CBSR as a common CBSR for all resources in the resource set (like panel-common Type-I CBSR in Rel-15) will result in CBSR overhead of , which is a significant CBSR overhead reduction.

Observation 6: The following observations are made,
· UE memory requirement for PMI determination in scheme-4 is smaller than the remaining schemes.
·  feedback overhead of scheme-4 is higher than scheme-1.
· CBSR overhead can be reduced by re-using legacy Rel-15 MP CBSR for scheme-4.

Proposal 6: Support scheme-4 in addition to mode-B. 

2.3 CRI-Based CSI reporting
One of the main motivations of Rel-19 CRI-based CSI is to assist the gNB with MU-MIMO pairing. Last meeting, the following agreement was made with respect to the number of NZP CSI-RS resources (KS) that the UE can measure and the number of reported CRIs (M):
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the supported combinations of KS value and the maximum number of ports per NZP CSI-RS resource are as follows:
· FFS: UE capability on KS and the number of ports per resource
	KS
	Maximum # ports per resource

	2, 3, 4
	32

	5, 6, 7, 8 
	16






There was also discussion on whether Type-II codebook is within scope of Rel-19: 
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook



During offline discussions leading to this meeting [5], a preliminary proposal was made addressing the KS and M values, and support for Type II codebook:
	Proposal 2.A: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed


	With this proposal for Type-I codebook, based on the UE capability, the UE is configured with KS NZP CSI-RS resources. The network configures the UE with M which is maximally equal to min(4,KS). Therefore, the UE reports no more than 4 CRIs. The value of M can be network configured or selected by the UE. Both options are FFS. However, we have some concern with this proposal regarding the feedback overhead. 
In legacy Rel-15 CRI-based CSI reporting, the UE reports a CSI (e.g., RI, PMI, and CQI) for a single CRI. In Rel-19 CRI-based CSI, as per the WID, the UE is expected to report CSI for M CRIs. Therefore, the CSI feedback overhead directly depends on the value of M, i.e., reporting M quadruplets (CRI, RI, PMI, and CQI values) results in excessive overhead. If M is NW-configured, the UE reports the M CSIs regardless of their quality. Reporting low quality quadruplets generates unnecessary overhead for a CSI that is not useful to the network. 
Our preference is to have an M value that is determined by a combination of a NW-configured and UE-selected rule. The network configures a maximum number of quadruplets to report, M, and the UE selects M1≤M quadruplets to include in the report. The selection of M1 is determined by the UE, and the UE indicates the number of reported CRIs (M1) in Part 1 of the CSI. The network can also provide a rule to assist the UE in determining which quadruplets to report. For example, the network configures the CSI report with an RSRP threshold. The UE reports at least one CRI, and the UE includes additional quadruplets if the RSRP of additional CRIs is within a threshold compared to the first CRI. In another example, the network can configure an aggregated rank value, then  can be defined as the minimum number of CRIs (greater than or equal to one and less than or equal to ) which satisfies the configured aggregated rank value. The maximum value of M1 can also be configured to limit the combinations (e.g., ). 

Observation 7: Reporting low quality quadruplets generates unnecessary overhead for a CSI that is not useful to the network. 

Proposal 7: The network configures a maximum value of M, and the UE determines  quadruplets to report.

The main issue with a UE selecting the value of _is variations in the resulting payload size. This, however, could be addressed using CSI omission rules which is also an FFS. First, it is worthy to mention that the existing specifications support CSI omissions only for Type-II CSI due to its large payload size. The existing specifications do not support CSI omission for Type-I CSI as the payload size of legacy Type-I CSI is comparatively smaller. However, for Rel-19 CSI reporting of M CRIs, the resulting payload size significantly increases and may not fit in the allocated PUSCH/PUCCH resources for CSI reporting. Therefore, CSI omission rules are needed to manage the payload size of Rel-19 CRI-based Type-I CSI. 

Observation 8: The payload size of Rel-19 CRI-based Type-I CSI significantly increase and requires management.

Proposal 8: Support specifying CSI omission rules for Rel-19 CRI-based Type-I CSI. 

Legacy Type-II CSI omission rules are specified considering the space-domain (polarization and layers) and frequency-domain (sub-bands) indices. Legacy Rel-19 CSI omission rules can be re-used on each of the  selected CRIs to prioritize one CSI over another CSI in the same CRI, e.g., to prioritize or de-prioritize the  of a CRI over the  of the same CRI. However, Rel-19 CRI-based CSI introduces another dimension, i.e., the CRI domain. We can also consider the omission rules based on the CRI index. 
In our view, defining Rel-19 CSI omission rules based on the design principles of legacy CSI omission rules, e.g., a CRI with the lowest index has a high priority over a CRI with the highest index or vice-versa is not efficient enough, as a CRI with a highest RSRP or a CRI with the highest rank might end up with a very small priority value. In our view, legacy priority rules can be re-used with little to no modification if needed to assign a priority value to the CSI contents of each CRI. However, priority value assignment to the CRI-domain, i.e., the priority value of a first CRI and a second CRI should be based on the RSRP value or rank value of the first and second CRIs to avoid omitting stronger CSIs.

Observation 9: Legacy design principles of priority value assignment do not consider the CRI dimension since the UE only reported a single CRI.  

Proposal 9: Support assigning priority value to a CRI for CSI omission based on the RSRP or rank value of the CSI conditioned on a CRI. 

	Regarding Type-II support, NR only supports reporting a single CRI for Type-I codebook CSI reporting. For Type-II, CRI-based reporting is not supported. In our understanding, the main scope of Rel-19 is to extend the CRI reporting for Type-I codebook to more than one CRI. Type-II requires significantly more UE complexity and high UE feedback overhead to generate the CSI report. Our first preference is not to support CRI enhancements for Type-II codebook; however, if the majority supports Type-II enhancements, we can compromise with  to limit the complexity. 

Observation 10: Type-II requires significantly more UE complexity and high UE feedback overhead to generate the CSI report.

Proposal 10: If CRI-based reporting is supported for Type-II, only support . 

3. UE REPORTING ENHANCEMENTS FOR CJT

3.1 Background and Motivation
	The high throughput gains in NR are achievable using advanced MIMO features with large antenna arrays. Increasing the number of antenna elements at the base station enables the network to focus the energy from beamforming into narrower beams that are directed more precisely towards a UE’s location. In practice, two-dimensional antenna arrays are commonly used where dual-polarized antenna elements are arranged into rows and columns with inter-element spacing greater than the half-wavelength of the carrier frequency. To satisfy this restriction in FR1, the antenna array deployed in a single site for 128 antenna ports becomes very large. For example, at 2GHz, the half-wavelength is 7.5 cm. An antenna array with 16 columns of 4 dual-polarized antenna elements that are one-to-one mapped to antenna ports requires at least a panel of size 1.2-by-0.3 meters at a single site. If analog beamforming is used, additional antenna elements are required to virtualize 128 ports using a multiple-to-one subarray partitioning. Moreover, if a lower carrier frequency is used, the antenna array size also increases linearly. It becomes less feasible to install such large arrays in deployments with restricted space. 
	To enable high number of antennas in FR1, the antennas can be distributed in different locations. Multiple TRPs are deployed, and they coordinate together to transmit a precoded signal over the aggregated antenna ports. The TRPs are connected through a backhaul which is tightly synchronized in time and frequency to ensure that the joint transmission is coherently combined into a single signal. From the UE’s perspective, assuming ideal backhaul and synchronization, it is receiving one transmission from a large antenna array with number of antenna ports equal to the sum of antenna ports from the multiple TRPs. The UE performs joint reception and demodulation which increases the SNR and improves the BLER of the received PDSCH. This scenario is referred to as Coherent Joint Transmission (CJT). 
	In Rel-18, specification was introduced for precoding and CSI reporting in CJT scenario [2]. It supports an enhanced CSI report for Type II precoding from multiple TRPs. The UE is configured with a measurement set of up to an RRC configured NTRP=4 cooperating TRPs. The UE receives a CMR configuration with NTRP CSI-RS resources, each having the same number of ports reusing legacy CSI-RS design with up to 32 ports per resource. Rel-18 restricts  and to be the same for all CSI-RS. Therefore, Rel-18 supports a maximum of 2*4** = 128 ports across TRPs. Anything above 32 ports is UE optional. 
	The network uses a subset of TRPs (<=NTRP) for CJT. The UE or network determines the set of  TRPs depending on the CSI report which is configured with one of two options. In Option 1, the UE determines the number of TRPs in the subset, . UE reports the CSI in two parts where Part 1 has a bitmap with NTRP fields to identify the  indices and reports the associated CSI contents for the  TRPs in Part 2. In Option 2, the UE receives an RRC configured value of =NTRP, and the UE reports the CSI for the  TRPs. 
The CJT precoder structure is essentially the  precoders stacked on top of each other into a single precoder. The UE reports TRP-specific precoder indices from the Type II codebook. There are two different RRC configurable codebook modes for the FD basis reporting. In Mode 1, the UE reports TRP-specific SD and FD basis/coefficients. The number of FD basis is the same across the  resources, and UE reports one common FD basis across the  resources with -1 relative FD basis offsets with respect to the reference FD basis. In Mode 2, the UE reports TRP-specific SD basis/coefficients, and one common FD basis/coefficient across TRPs. For the SD basis reporting, the UE is configured to report Ln bases for the n’th CSI-RS resource. For a given value of NTRP, the UE is RRC-configured with NL different combinations of {Ln} where each combination defines the number of basis per TRP. In CSI part 1, the UE indicates which one out of the NL combinations is chosen for the CSI calculation. For example, for NTRP = 4, one of the combinations is {4,4,4,4} which means the UE reports 4 basis/coefficients per TRP. The UE can indicate up to a rank of RI = 4. Due to the large overhead of Type II, and even more so with multiple TRPs, UE can only report the CJT CSI through PUSCH (aperiodic or semi-persistent). 
	With these enhancements, Rel-18 CJT achieves high throughput. However, Rel-18 work assumed ideal backhaul and synchronization in frequency and time (e.g., within a CP). The current frequency accuracy requirements for the UE and BS are in the range of ± 0.1 PPM [3], and ± 0.05 to ± 0.1 ppm [4], respectively: 

38.101, Section 6.4.1
	The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.



38.104, Section 9.6.1.3
	For BS type 2-O, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 9.6.1.3-1 observed over 1 ms.
Table 9.6.1.3-1: OTA frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm






 The timing accuracy is within a CP as the UE always measures PSS and SSS, and from that gets the first significant path as the reference. The frequency accuracy gives some margin for error which occurs in practice as the oscillators may not be perfectly in-synch. This is sufficiently good for single TRP/cell reception as all the channels are assumed synchronized with the PSS/SSS at the TRP level. However, when CJT is configured, there are one or more geographically separated TRPs transmitting so the propagation delay between different TRPs and the UE adds to the timing difference. The phase differences between received signals from different TRPs are not negligible. Also, the UE experiences a channel with a larger delay spread compared to single TRP since the CJT channel is an aggregated channel over all TRPs. We can expect the channel to be more frequency selective which further complicates the task of finding a CJT precoder.  
When differences in frequency and timing synchronizations occur, a significant degradation of data reception is expected for the joint demodulation. A slight frequency drift within the 0.05ppm of the base station over 5ms can lead to dramatic phase shifts that essentially may create cancelation points/regions within the equalized received signal, leading to demodulation errors. 
 Therefore, the focus of Rel-19 is to specify additional UE reporting enhancements for CJT deployment scenarios to assist the network in mitigating the effects of non-ideal synchronization and backhaul.
 
3.2 Measurement and reporting of inter-TRP errors
	There are two use cases (TRP selection and offset compensation) under discussion for each of Delay Offset (DO), Frequency Offset (FO), and Phase Offset (PO) reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
· For per-TRP frequency offset (FO) reporting:
· Use case 2.1: TRP selection
· Use case 2.2: per-TRP FO compensation at NW side 
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed:
·  For per-TRP DL/UL Rx-Tx phase misalignment reporting: 
· Use case 3.1: TRP selection
· Use case 3.2: per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity (e.g. using both CSI-RS and SRS for measurement)


	Assuming a configuration with NTRP cooperating points, the UE is expected to perform channel measurements for all the TRPs in the set. Based on the UE reported feedback, the network determines which TRPs are scheduled for CJT. In Rel-18, the offset were assumed to be 0 with perfect synchronization and ideal backhaul so the UE doesn’t report any values. Therefore, the network considers all reported CSIs equally to determine the cooperating set of CJT TRPs. However, for Rel-19 with non-ideal backhaul and synchronization, the offsets are not 0, and the UE measures different values per TRP. The set of cooperating CJT TRPs depends on the relative offsets between TRPs because the network may not be able to compensate for the inter-TRP offsets. 
Two use cases are considered which depend on the magnitude of the offsets: 
· If the offsets between TRPs are large, there is a significant impact on the performance of CJT. It is therefore preferable for the network to exclude the TRPs for which the UE measured large offsets. Therefore, the UE indicates in the CSI report the set of TRPs which are suitable for CJT with acceptable offsets. This is accomplished through TRP selection with use cases 1.1, 2.1, and 3.1. 
· If the DO and FO between TRPs are within the quantization range, the UE reports the values to enable network-side compensation of the offsets. This corresponds to use case 2.1, 2.2, and 3.2.
	
Since the UE is performing the measurements, it has the most accurate information on the best set of TRPs for CJT. Since the offsets dynamically change over time, the TRP selection should be performed with the Rel-19 offset report and not with the Type-II CJT codebook. Moreover, TRP selection cannot be guaranteed by the Type-II CJT codebook if restrictedCMR-Selection is configured. In this case, the number of selected CSI-RS resources is fixed to , and therefore the UE reports CSI for all resources regardless of the offsets. The network therefore is not aware of which CSIs correspond to uncalibrated TRPs. We prefer to have a separate method from the CJT codebook to let the UE select TRPs based on the measured offsets.  

Observation 11: TRP selection cannot be guaranteed by the Type-II CJT codebook if restrictedCMR-Selection is configured. 

Proposal 11: Rel-19 specifies a method for TRP selection based on the offset measurements. 

	Last meeting, different methods on how to enable TRP selection were discussed. The following agreements were made on the resource set and reporting configuration for DO and FO reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· [bookmark: _Hlk162535467]Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)

For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
FFS: The need for a new QCL assumption

For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration

For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
FFS: Detailed UCI design



	The UE measures the offsets with respect to a reference resource, and a quantized value is reported per resource. For DO, it was agreed that a 1-bit indicator value dn is also reported which identifies if the DO plus the delay spread is inside/outside a predetermined range. There are three options under discussion for how the UE determines the offset values to report. 
· In Opt1, the UE reports the offsets for all configured resources. There is no explicit TRP selection, so the UE always reports offset values for all configured resources. If the TRPs are uncalibrated, the UE reports out-of-range values. The network may perform TRP selection based on the TRPs which are reported with out-of-range values.  
· In Opt2, the UE reports the offsets for a subset of resources which is selected dynamically by the NW. The network dynamically triggers the UE to perform measurements for different subset of TRPs. This option is a NW-centric TRP selection which doesn’t consider all TRPs in each measurement report so the offset measurements from one subset of TRPs may be outdated by the time the UE performs the measurements for a different subset of TRPs. In our view, the TRP selection should be performed by the UE because it is performing the offset measurements, and the UE should be measuring for all resources in the set for each reporting instance. 
· In Opt3, the UE performs TRP selection by indicating the subset of TRPs which have an offset value in the standalone CJT calibration report. It therefore can adapt more accurately and dynamically the TRP subset selection which is the goal of Opt3. In addition, the overhead of multiple ‘out-of-range’ offset values can be saved by reporting a single bit indicating the TRP is not selected.

	Leading up to this meeting, a preliminary proposal was made offline [5] which is to use Opt1, and FFS if an ‘invalid’ quantization state is used for offset reporting to perform TRP selection:

	Proposal 3.A: For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ quantization state/hypothesis is supported for all the types of CJT calibration reporting (already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting)


 
	Our first preference is to support Opt3. One concern is that the report size may be variable since the number of reported offset values depend on the number of selected TRPs. If the CSI report is in two parts, a max N can be configured (e.g.,  NTRP) and the UE indicates the TRP selection in the Part 1 through a bitmap of size N. Part 2 only contains offsets for selected TRPs as a function of the bitmap. 

Observation 12: The UE does not need to report CSI for uncalibrated TRPs because they significantly degrade the performance of CJT. 

Proposal 12: Support 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. 

[bookmark: _Hlk162529574]	With respect to the choice of the reference resource index nref, it’s FFS whether it’s NW-configured or UE determined. One alternative is to have a fixed nref that is determined based on an implicit rule (e.g., the lowest resource index in the resource set). The second alternative considers a NW-configured resource index that is indicated in the reporting configuration. These two alternatives rely on a fixed reference index that does not need to be reported. The third alternative lets the UE determine the reference resource index and it is reported together with the offset values. The third alternative gives more flexibility to the UE for determining an optimum set of TRPs with the lowest number of out-of-range values. For example, with the first and second alternative, in some cases the fixed nref resource may have a much larger offset compared to the other resources in the set which may result in several out-of-range values being reported. Additionally, if the UE is performing TRP selection, then the fixed nref index may not be a part of the UE’s selected set, so additional rules need to be specified to determine nref in this situation. Since the UE has the DO and FO measurements, it is better informed to decide on the nref. A preliminary proposal was made during the offline discussion [5] leading to this meeting:

	Proposal 3.D: For the Rel-19 aperiodic standalone CJT calibration reporting, nref is selected by the UE and reported as a part of the CJT calibration report



	The benefit of the first and second alternatives is the overhead saving from not having to report the nref index; however, it’s a minimal saving compared to the benefits that the third alternative offers. Therefore, we support Proposal 3.D. 

Observation 13: Since the UE performs the offset measurements, it is better informed to decide on the nref which minimizes the out-of-range reporting.

Proposal 13: Support Proposal 3.D.
 
4. CONCLUSIONS
In this contribution, we discussed the scope of enhancements for Objectives 2 and 3 from the WID. We make the following observations and proposals:

Observation 1: Legacy codebook mode-2 causes an un-necessary UE complexity and CSI overhead for limited throughput enhancement.

Observation 2: Based on layer-common  and  selection and layer-specific DFT vector selection in mode-B, the following observations are made.
· Reduced UE complexity in terms of  and  selection
· Reduced UE complexity in terms of DFT vectors selection
· Reduced feedback overhead of reporting  and DFT vectors. 
· Selected DFT vectors remains orthogonal across all layers and thus avoids the need for any additional co-phasing selection and reporting. 

Observation 3: Mode-C results in higher feedback overhead as compared to mode-B and eType-II. 

Observation 4: Inter-polarization amplitude values will further increase the feedback overhead of mode-B.

Observation 5: The following observations are made,
· The design of scheme-2 is based on the eType-II with 
· The CBSR of eType-II has a smaller overhead as compared to the CBSR of Type-I.

Observation 6: The following observations are made,
· UE memory requirement for PMI determination in scheme-4 is smaller than the remaining schemes.
·  feedback overhead of scheme-4 is higher than scheme-1.
· CBSR overhead can be reduced by re-using legacy Rel-15 MP CBSR for scheme-4.

Observation 7: Reporting low quality quadruplets generates unnecessary overhead for a CSI that is not useful to the network. 

Observation 8: The payload size of Rel-19 CRI-based Type-I CSI significantly increase and requires management.

Observation 9: Legacy design principles of priority value assignment do not consider the CRI dimension since the UE only reported a single CRI.  

Observation 10: Type-II requires significantly more UE complexity and high UE feedback overhead to generate the CSI report.

Observation 11: TRP selection cannot be guaranteed by the Type-II CJT codebook if restrictedCMR-Selection is configured. 

Observation 12: The UE does not need to report CSI for uncalibrated TRPs because they significantly degrade the performance of CJT. 

Observation 13: Since the UE performs the offset measurements, it is better informed to decide on the nref which minimizes the out-of-range reporting.

Proposal 1: Support scheme-1 with codebook mode-1 or mode-A of proposal 1.A.1. 

Proposal 2: Support mode-B of proposal 1.A.1. 

Proposal 3: Support prioritizing mode-B over mode-C. 

Proposal 4: Do not support inter-polarization amplitudes for mode-B. 

Proposal 5: Support designing a CBSR method for Rel-19 Type-I (scheme-2) based on the legacy CBSR design of eType-II. 

Proposal 6: Support scheme-4 in addition to mode-B. 

Proposal 7: The network configures a maximum value of M, and the UE determines M1≤M quadruplets to report.

Proposal 8: Support specifying CSI omission rules for Rel-19 CRI-based Type-I CSI. 

Proposal 9: Support assigning priority value to a CRI for CSI omission based on the RSRP or rank value of the CSI conditioned on a CRI.  

Proposal 10: If CRI-based reporting is supported for Type-II, only support M=1. 

Proposal 11: Rel-19 specifies a method for TRP selection based on the offset measurements. 

Proposal 12: Support 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.  

Proposal 13: Support Proposal 3.D.
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APPENDIX
Table 3. SLS simulation assumptions
	Parameter 
	Value 

	Duplex, Waveform 
	FDD, CP-OFDM 

	Multiple access 
	OFDMA 

	Scenario 
	UMi,

	Carrier frequency 
	3.5 GHz

	Inter-BS (site) distance 
	200m 

	Antenna setup and port layouts at gNB 
	32 ports, (M, N, P, , ) = (8, 16, 2, 4, 4), (dH, dV) = (0.5, 0.8) λ 
64 ports, (M, N, P, , ) = (8, 16, 2, 8, 4), (dH, dV) = (0.5, 0.8) λ 

	Antenna setup and port layouts at UE 
	2RX: (1, 1, 2, 1, 1, 1, 1), (dH, dV) = (0.5, 0.8) λ for rank (1, 2) 

	BS Tx power 
	41 dBm 

	BS antenna height 
	10m 

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

	Numerology Slot/non-slot 
	14 OFDM symbol slot 

	Frequency scheduled resource size
	180 KHz

	System bandwith  
	10 MHz

	Signal bandwidth 
	9 MHz 

	Number of TTIs 
	2000

	MIMO scheme 
	SU/MU-MIMO with rank adaptation 

	Update interval for W1, W2 and W3
	5 ms

	Traffic model 
	Non full buffer 

	UE distribution 
	20% outdoor, 80% indoor 

	UE receiver 
	MMSE

	Channel estimation 
	Realistic 





Antenna setup and port-layout at gNB. 
We used Type-I single-panel codebook for the simulations. The antenna panel at the gNB has dual-polarized 256 antenna elements as shown in Fig 6. The sub-array partitioning includes 8 antenna elements in the horizontal-domain and 4 in the vertical domain. The resulting sub-arrays are virtualized into 32 and 64 ports, with a larger sub-array size in the 32 ports case as compared to the 64 ports case. For throughput results of the Rel-15 Type-I 32 ports case, a single CSI-RS resource with 32 ports is used. For the results of scheme-1 with 32 ports, port indices to CSI-RS resource mapping based on method 2 of proposal 1.B is used. 





Figure 6 Subarray partitioning for 32 and 64 ports
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