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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 meeting, a new work item for NR MIMO Phase 5 was approved [1]. In this contribution, we provide our further views on the remaining issues for CSI enhancements after RAN1#116bis meeting [2].

2 Type I codebook refinements
Codebook design (RI<=4)
	Agreement：
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 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
· Scheme-B (based on Scheme2 in RAN1#116 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
· [bookmark: _Hlk165986026]W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+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

Conclusion:
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=1-4, there is no consensus on supporting the following additional enhancements: Mode-C, inter-polarization amplitude for Scheme-B, larger values of L (>1, including 2, …, 10)


In RAN1#116bis meeting, two schemes have been agreed as above. Basically, to ensure the baseline performance with limited reporting overhead, Scheme-A follows the legacy Type I codebook design principles. Scheme-B allows freely selection of SD basis vectors and inter-polarization co-phasing per layer, which has a good performance over Scheme-A. Consequently, Scheme-B leads to high reporting overhead when compared to the legacy Type I codebook. We propose to further study whether we can address the restrictions/problems in Scheme-A and reduce the reporting overhead when compared to Scheme-B. For example, there are some restrictions in current single-panel Type I codebook:
· The SD basis selection of other layers is strongly relied on the SD basis of first layer. For example, for a 2-layer CSI reporting in the table below, SD basis of second layer is based on a selected offset (indicated by  from 4 pre-defined  combinations) to SD basis of first layer, where the SD basis of second layer may be either the same or orthogonal to the SD basis of first layer. As the increase of antenna ports, candidate SD basis are also increased, such layer-dependent SD basis selection will limit the freedom to select most suitable SD basis for each layer. There are two approaches to address this issue: 
· First approach is to allow layer-independent SD basis selection as agreed in Scheme-B, which may increase the reporting overhead for SD basis indication. 
· Another approach is to increase the number of candidate SD basis for second layer. For example, the candidate indices ( for generating SD basis of second layer are dynamically determined according to SD basis of first layer (indicated by ) and the value of K as in the following equations. Therefore, the number of candidate SD basis is , which can be configurable and larger than 4.

[image: ]
· [bookmark: _Hlk165987099]In current specification, Type I codebook supports frequency-selective PMI reporting. For example, when codebookmode=2, the SD basis of first layer is selected among 4 candidate SD basis determined by wideband PMI information . However, the SD basis of second layer is determined according to the SD basis of first layer and wideband PMI information . There is no freedom to select appropriate SD basis for the second layer. For the approved two Schemes, Scheme-A generally follows the design for codebookmode=1 where only subband based inter-polarization co-phasing is supported. However, to further increase the performance for Scheme-B, it’s possible to support frequency-selective SD basis indication. Furthermore, it’s also preferred support frequency-selective SD basis indication other than the first layer. For example, to reduce the reporting overhead, the subband SD basis selection per layer can be determined according to the candidate SD basis determined by the wideband SD basis of the same layer. The determination of candidate SD basis can be similar to subband SD basis of first layer in codebookmode=2.
[image: ]
Observation 1: Scheme-A follows the legacy Type I codebook design principles with ensured baseline performance and limited reporting overhead. Scheme-B allows freely selection of SD basis vectors and inter-polarization co-phasing per layer, which has a good performance over Scheme-A. Consequently, Scheme-B leads to high reporting overhead when compared to the legacy Type I codebook.
Proposal 1: In addition to Scheme-A and Scheme-B, support Scheme-C as the following:
· 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, where the candidate SD basis of 2nd beams are determined according to SD basis selection of first layer and the number of candidate SD basis can be configurable.
Proposal 2: At least for Scheme-B, support frequency-selective SD basis selection, e.g., the subband SD basis selection per layer can be determined according to the candidate SD basis determined by wideband SD basis of the same layer.

	Agreement：
[bookmark: _Hlk165988626]For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· [bookmark: _Hlk165988661]Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


[bookmark: _Hlk165988402]In FeType II codebook for CJT defined in Rel-18, UE reports SD basis selection independently for each selected CSI-RS resource. Therefore, the mechanisms defined in Rel-18 CJT can be simply reused for Type I codebook extension supporting up to 128 ports. That is, the PMI is grouped per CSI-RS resource and inter-CSI-RS resource co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports (i.e., Scheme 2 in the above agreement). For each CSI-RS resource, at least reuse legacy Rel-15 Type-I SD basis with L=1 so that each group can independently indicate its appropriate SD basis. In addition, this may be beneficial in a large antenna array where near-field propagation and spatial non-stationarity is a concerned problem. Allow SD basis selection for each sub-array/CSI-RS resource can alleviate the problem induced by the near-field propagation and spatial non-stationarity.
Observation 2: For the codebook refinement for 48, 64, and 128 CSI-RS ports, Rel-19 Type-I multi-panel (MP) can support coherent transmission across TRPs and alleviate the problem induced by the near-field propagation and spatial non-stationarity.
Proposal 3: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support Type-I multi-panel (MP) codebook refinement:
· Scheme2: 
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is 4.
· Support both wideband and subband inter-resource co-phasing
· Reuse the port mapping scheme defined for Rel-18 Type-II CJT

Codebook design (RI>4)
	Agreement:
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded.


In this section, let’s take an 8-layer CSI reporting as an example according to the cited table in below. There are some constraints on determining an 8-layer PMI:
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets to the SD basis of layer 1-2. There is no enough freedom to select SD basis to match actual channel conditions of layer 3-8. With the increased number of candidate SD basis to support Type I codebook >32 ports, the spatial beams are more granular so that it’s foreseeable that the probability of layer-independent SD basis is increased.
· No inter-polarization co-phasings are utilized for layer 5-8. The performance of layer 5-8 may degrade as it’s hard to support coherent combination of signals from different polarizations due to the mismatch of phase between polarizations.
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In order to harvest the performance gain over higher ranks, Rel-19 should try to address the constraints discussed above. One method is to decouple the dependency between layer 1-4 and layer 5-8 as Scheme 2, 3 and 4 in above. Scheme 2/3 is to allow group-independent (two consecutive layers) SD basis selection. Different from Scheme 1, the SD basis selection of layer 5-8 is not dependent on the SD basis of first layer. Scheme 4 basically allows two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity (i.e., Scheme 4 in above agreement).
As two Schemes are supported for , Scheme-B has a large reporting overhead and performance gain compared to Scheme-A. In addition, the main components of a channel are generally concentrated on the lower layers (e.g., precoding matrix of lower layers may correspond to eigen vectors with smaller eigen values), it’s preferred that lower layers should have higher reporting overhead than the remaining layers to ensure the precoding accuracy. Therefore, the Scheme 4 may be appropriate for Scheme-B and Scheme-A can be combine with Scheme 2 or Scheme 3.
Observation 3: For an 8-layer CSI reporting in current specification,
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets of SD basis of layer 1-2.
· No inter-polarization co-phasings are utilized for layer 5-8.
Proposal 4: At least for Scheme-B, support the following scheme for Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8:
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports.
Proposal 5: For Scheme A, down-select from Scheme-2 and Scheme-3.
CBSR
	Agreement：
[bookmark: _Hlk165994626]For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1, N2).


As cited in below, the current CBSR for Type I Single-Panel Codebook is indicated by a bitmap, where each bit indicates a restriction on a specific SD basis vector. It was agreed that group-based CBSR is supported for Type I refinement. Therefore, each bit of the bitmap should be used to indicate CBSR of  SD basis vectors. As for the value of  and , we think  is enough so that the overhead of CBSR for 128 ports are comparable to the overhead of CBSR for 32 ports in current specification. To be detailed, one bitmap is used to configure CBSR for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports,
· 


The bitmap parameter forms the bit sequence  where  is the LSB and  is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoders associated with the bit.
· The number of bits is given by   bits.
· bit  in the bitmap parameter, , , is associated with precoders , ,  and .
	[bookmark: _Toc11352124][bookmark: _Toc20318014][bookmark: _Toc27299912][bookmark: _Toc36117422][bookmark: _Toc44515914][bookmark: _Toc83291019][bookmark: _Hlk165992916]5.2.2.2.1	Type I Single-Panel Codebook 










[bookmark: _Hlk165993479]The bitmap parameter n1-n2 forms the bit sequence  where  is the LSB and  is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoder associated with the bit. The number of bits is given by . Except when the number of layers and the number of antenna ports is 16, 24, or 32, bit  is associated with all precoders based on the quantity , , . When the number of layers and the number of antenna ports is 16, 24, or 32, 






-	bits , , and  are each associated with all precoders based on the quantity , , ;

-	if one or more of the associated bits is zero, then PMI reporting is not allowed to correspond to any precoder based on . 


Proposal 6: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· Support 
· 


The bitmap parameter forms the bit sequence  where  is the LSB and  is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoders associated with the bit.
· The number of bits is given by   bits.
· bit  in the bitmap parameter, , , is associated with precoders , ,  and .

3 [bookmark: _Hlk158917294]CRI-based CSI reporting
UCI design
	Agreement：
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
· [bookmark: _Hlk165995850]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
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement：
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)


[bookmark: _Hlk166001542]For CRI-based CSI reporting, both Rel-15 Type-I Single Panel codebook and Rel-16 eType-II are supported. For M>1, if NW additionally configures/requests the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS CSI-RS resources, it can facilitate MU scheduling at network side. Network can pair co-scheduled UEs by using different digital precoders assuming the same analog precoder. 
[bookmark: _Hlk166001794]On the other hand, if UE needs to report M>1 sets of CRI/RI/PMI/CQI, UE computation complexity and power consumption cannot be ignored. The UE assistance information is commonly used in current specification for UE power saving. It’s preferred that UE can send its assistance information about the preferred number of M after UE capability report for power saving purpose. After network receives the assistance, network can either ignore the assistance information or network additionally configures/requests the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS CSI-RS resources as discussed above.
Proposal 7: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, NW additionally configures/requests the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS CSI-RS resources. 
Proposal 8: For power saving purpose, support UE to send the preferred number of M in UE assistance information (i.e., UEAssistanceInformation) after UE capability report.

CBSR
CBSR is defined in specification to avoid the intra/inter cell interference. For example, network indicates the CBSR to avoid UE to report a specific SD basis for a PMI report. For hybrid beamforming, network may configure multiple CMRs with different analog precoders. For each CMR, UE has to search the best digital precoder. In previous releases, the CBSR only includes the impact of digital precoder, which is not appropriate for hybrid beamforming as it is generated based on both digital precoder and analog precoder. Therefore, we propose to support multiple CBSRs per report configuration, where each CBSR corresponds to one CMR in the report configuration.
Proposal 9: For CRI-based CSI reporting, support multiple CBSRs per report configuration, where each CBSR corresponds to one CMR in the report configuration.

4 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, some preliminary views on CSI enhancements are discussed. The following observations and proposals are made:
Observation 1: Scheme-A follows the legacy Type I codebook design principles with ensured baseline performance and limited reporting overhead. Scheme-B allows freely selection of SD basis vectors and inter-polarization co-phasing per layer, which has a good performance over Scheme-A. Consequently, Scheme-B leads to high reporting overhead when compared to the legacy Type I codebook.
Observation 2: For the codebook refinement for 48, 64, and 128 CSI-RS ports, Rel-19 Type-I multi-panel (MP) can support coherent transmission across TRPs and alleviate the problem induced by the near-field propagation and spatial non-stationarity.
Observation 3: For an 8-layer CSI reporting in current specification,
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets of SD basis of layer 1-2.
· No inter-polarization co-phasings are utilized for layer 5-8.

Proposal 1: In addition to Scheme-A and Scheme-B, support Scheme-C as the following:
· 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, where the candidate SD basis of 2nd beams are determined according to SD basis selection of first layer and the number of candidate SD basis can be configurable.
Proposal 2: At least for Scheme-B, support frequency-selective SD basis selection, e.g., the subband SD basis selection per layer can be determined according to the candidate SD basis determined by wideband SD basis of the same layer.
Proposal 3: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support Type-I multi-panel (MP) codebook refinement:
· Scheme2: 
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is 4.
· Support both wideband and subband inter-resource co-phasing
· Reuse the port mapping scheme defined for Rel-18 Type-II CJT
Proposal 4: At least for Scheme-B, support the following scheme for Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8:
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports.
Proposal 5: For Scheme A, down-select from Scheme-2 and Scheme-3.
Proposal 6: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· Support 
· 


The bitmap parameter forms the bit sequence  where  is the LSB and  is the MSB and where a bit value of zero indicates that PMI reporting is not allowed to correspond to any precoders associated with the bit.
· The number of bits is given by   bits.
· bit  in the bitmap parameter, , , is associated with precoders , ,  and .
Proposal 7: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, NW additionally configures/requests the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS CSI-RS resources. 
Proposal 8: For power saving purpose, support UE to send the preferred number of M in UE assistance information (i.e., UEAssistanceInformation) after UE capability report.
Proposal 9: For CRI-based CSI reporting, support multiple CBSRs per report configuration, where each CBSR corresponds to one CMR in the report configuration.
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Table 5.2.2.2.1-12: Codebook for 8-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs
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Table 5.2.2.2.1-6: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs
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and the mapping from j ; to 4; and %, is given in Table 5.2.2.2.1-3.
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and the mapping from 7, to k, is given in Table 5.2.2.





