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Introduction
In RAN1#106-e, several agreements were made for CSI enhancements under multi-TRP deployments, as well as CSI enhancements that exploit FDD channel reciprocity in FR1. For multi-TRP enhancements, agreements were made that refine the scope of enhancements for multi-TRP deployments, including CSI Report configuration, CSI-RS Resource grouping, and CSI report structure. For FDD reciprocity, companies have agreed on spatial and frequency precoding aspects of the codebook for up to Rank 2, as well as extending the codebook to up to Rank 4. In this contribution we provide our views on different aspects of the CSI enhancements under multi-TRP/panel transmission, as well as on CSI enhancements under FR1 FDD reciprocity based on the class of Type-II Port Selection codebooks.
CSI Reporting for DL multi-TRP/Panel Transmission
In RAN1#106-e [1], the following agreements were made for CSI enhancements under multi-TRP transmission:
	Conclusion: 
Default value of Ks, max can be discussed later with Rel-17 MIMO UE capability.

Agreement
For CSI measurement associated to a NCJT measurement hypothesis in Rel-17, the maximal number of total transmission layers is up to 4 layers.  

Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), the bitwidth associated to X+1 CRI(s) are given as following:
· Ceil(log2(N)) for X=0
· Ceil(log2(N)) in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1+M2)) in CSI associated with Single-TRP measurement hypothesis for X=1
· Ceil(log2(N))  in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1))  and  Ceil(log2(M2)) in CSI associated with Single-TRP measurement hypothesis for X=2
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.

Agreement
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: the first M1+M2 codepoints of CRI corresponds to M1+M2 CMRs for Single-TRP measurement hypothesis and the second N codepoints corresponds to N CMR pairs for NC-JT measurement hypothesis.
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set. 

Decision: As per email decision posted on Aug 23rd,
Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time

Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.

Agreement
For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, study following alternatives:
· Alt1: introducing new/relaxed values on Z and Z’, FFS exact values or other conditions
· Alt2: No changes of values on Z and Z’

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, support following Alt:
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signaling to enable/disable single-TRP measurement hypothesis using CMRs configured within CMR pairs for NCJT measurement hypothesis

Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212 



CSI Report Priority for multi-TRP Transmission
In RAN1#105-e [2], it was agreed to discuss CSI prioritization for Option 1 reporting with X=1,2. First, we would like to emphasize that CSI prioritization is not only useful for CSI omission; it is also related to the mapping order of the CSI in the UCI sequence, i.e., for UCI payload generation. If CSI for more than one hypothesis is reported, e.g., Option 1 with X=1,2, there must be a rule/signaling/indication of which CSI is reported first in UCI, to avoid ambiguity when the gNB decodes the UCI sequence. Therefore, we believe ordering CSI based on hypothesis is needed.
Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
In NR Rel. 15 and Rel. 16 codebooks, there are two levels of prioritization/ordering of CSI report: a first level is prioritization/ordering across CSI reports corresponding to different reporting configurations, which is discussed in Clause 5.2.5 of [3]. In summary, each CSI report is associated with a priority value, where a lower CSI priority value indicates higher priority, as follows

s: CSI reporting configuration index, where Ms is the maximum number of CSI reporting configurations
c: Cell index, and Ncells is the number of serving cells 
k: 0 for CSI reports carrying L1-RSRP or L1-SINR, and 1 otherwise
y: 0 for aperiodic reports, 1 for semi-persistent reports on PUSCH, 2 for semi-persistent reports on PUCCH, 3 for periodic reports
The second level of prioritization/ordering is within the fields of the same CSI report, which is provided in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [4] for UCI on PUCCH and PUSCH, respectively. Note that different codebook types have different prioritization rules. In NR Rel. 17 codebook, some multi-TRP CSI reporting scenarios (Option 1 with X=1,2) are unconventional since the same CSI reporting configuration triggers CSI for multiple hypotheses. In our opinion two alternatives exist to govern the CSI prioritization under these scenarios, as follows: 
Alt1: Each CSI hypothesis is treated as a separate CSI report. This requires relaxing the Rel. 15/16 limitation of one CSI report per configuration, however the specification impact would be limited since only the CSI report priority formula in Clause 5.2.5 of [3] needs to be updated. 
Looking into the Rel. 16 CSI report priority function provided above, it does not take into consideration the case where multiple CSI reports are associated with the same CSI reporting configuration index, which may require updating the CSI report priority function to include a parameter that represents the CSI report index within a CSI reporting configuration. One way to update the CSI priority value is as follows

where n is the CSI report index within a CSI reporting configuration, taking on values {0,1,..,X}, and Nr is the maximum number of CSI reports per CSI reporting configuration. One way to break the tie between the CSI reports within the same CSI reporting configuration is to assign higher priority to legacy reporting corresponding to a single-TRP CSI report, compared with NCJT report. For the case of X=2 with two single-TRP CSI reports and one NJCT CSI report, the two CSI reports corresponding to single-TRP transmission can be given higher priority compared with NCJT CSI report, however, ties must be broken between the two single-TRP CSI reports, e.g., based on the CSI-RS resource ID corresponding to the CMR used for single-TRP hypothesis. Further details are FFS.
The Rel. 15/16 CSI report priority function is not compatible with the multi-TRP CSI framework where multiple CSI reports can be associated with the same CSI reporting configuration
A CSI report corresponding to single-TRP hypothesis has higher priority compared with a CSI report corresponding to NCJT hypothesis
For a CSI reporting configuration with X=2 single-TRP CSI reports, ties must be broken between the two single-TRP CSI reports to prioritize one CSI report over the other, e.g., based on associated CSI-RS Resource ID  
Alt2: CSI corresponding to the X+1 CSI hypotheses (assuming Option 1 CSI reporting with X=1, 2) is stacked into a single CSI report, e.g., for X=2, up to 4 PMI/LI/RI, 3 CQI values are reported in one CSI report. This aligns with Rel. 15/16 in terms of one-to-one association between a CSI report and a CSI reporting configuration, however the specification impact would be large since the UCI sequence generation tables for a CSI report in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [4] need to be updated in order to accommodate for the new CSI report structure. One way to reduce the specification impact under Alt2 though is via stacking the reporting quantities of the same type, e.g., for Option 1 with X=1, the bits corresponding to the 3 PMI quantities are generated consecutively, based on a similar tie-breaking rule as that of Alt1, as follows
	RI 1
	RI 2
	RI 3
	…
	CQI 1
	CQI 2
	…
	PMI 1
	PMI 2
	PMI 3


Table 2: UCI bit sequence generation with ordering based on report quantity
 Alternatively, the CSI report would include CSI report quantities based on the order of hypotheses, as follows
	RI 1
	CQI 1
	PMI 1
	…
	RI 2
	RI 3
	CQI 2
	PMI 2
	PMI 3


Table 3: UCI bit sequence generation with ordering based on CSI hypothesis
Based on the previous discussion, our preference is Alt1, with one CSI report per hypothesis, since this solution is more straightforward and would cause less specification impact, compared with Alt2.
A CSI report is defined for each CSI hypothesis, i.e., different CSI hypotheses correspond to different CSI reports  

RI Restriction for multi-TRP based CSI Reporting
In RAN1#104bis-e [5], it was agreed to support the following RI pairs for NCJT: {1, 1}, {1, 2}, {2,1}, {2,2}, where the total number of layers is limited to 4, such that the difference between the number of layers corresponding to the two NCJT PMIs is no larger than one. It was also decided to further study whether RI restriction should be configured jointly or separately for each UE. Several alternatives were proposed in RAN1#106-e, as follows:
Alt1: One RI restriction for total rank for all hypothesis
Alt2: Two RI restrictions, one per CSI-RS resource from one group, i.e., one per TRP
Alt3: Multiple RI restrictions, one per CSI-RS resource per hypothesis
Alt4: Two RI restrictions, one for single-TRP hypothesis and one for multi-TRP hypothesis
Alt5: Three RI restrictions, two RI restrictions for two CSI-RS resources from different groups corresponding to single-TRP hypothesis, and one RI restriction for all NCJT hypotheses
Alt6: Switch between Alt4 and Alt5 via RRC configuration
In our opinion, Alt3, Alt5, and Alt6 unnecessarily complicate the RI restriction configuration since three or more RI restrictions need to be configured, and hence should be omitted. Both Alt2 and Alt4 propose two different RI restrictions, whereas the discrepancy is based on whether the RI restriction is per TRP or per hypothesis. One issue with Alt2 is that not all RI restriction pair values are valid, due to the condition that under NCJT, the difference in the number of layers transmitted from the two TRPs is within one. Thereby, only Alt1 and Alt4 appear to be reasonable alternatives, in our view. We slightly prefer Alt1 due to its simplicity, however we do not have strong concerns on Alt4, and hence we can accept it as a second preference. 
Alt3, Alt5, and Alt6 of RI restriction should not be considered. Also, Alt2 can lead to inconsistency since the difference in the total number of layers transmitted from each TRP is up to one
Support Alt1 as a first preference for RI restriction, in which the RI restriction applies to the total number of layers transmitted from the TRP(s) for all single-TRP and NCJT transmission hypotheses. Support Alt4 as a second preference

CSI Reporting Configuration 
In this section, we address a few remaining details of the CSI reporting configuration corresponding to multi-TRP CSI enhancements, where some of the details were previously discussed in prior meetings, however no agreements were reached yet. Issues discussed in this section vary from support of Type-II codebook for multi-TRP CSI, supporting non-PMI CSI reporting as well as CSI computation delay relaxation for multi-TRP CSI reporting configurations. 
Support of Type-II codebook
As per the agreement in RAN1#103-e [6], a CSI reporting configuration for multi-TRP is only restricted to Type-I single-panel codebook. We believe this restriction is undesirable, and RAN1 should strive to develop a codebook-transparent framework for CSI Reporting under NCJT. For instance, Rel. 16 eType-II codebook has been shown to achieve significantly better tradeoff in terms of performance/complexity, compared with Type-I codebooks. Additionally, the ability of Type-II codebook to design precoders with narrower beams thanks to beam combining feature in Type-II codebook can be beneficial to balance between simultaneously maximizing the channel gain per TRP and reducing the inter-TRP interference resulting from NCJT transmission. Note that the Rel. 16 eType-II codebook can be configured with different parameter combinations, which can achieve different tradeoff points with respect to performance, complexity, CSI feedback overhead size. 
Rel. 16 Type-II codebook achieves better performance compared with Type-I codebook, as well as being configurable for different performance/overhead tradeoff points
Support Type-II codebook for NCJT along with Type-I single-panel codebook type 
In order to ensure that Type-II codebook can be supported for NCJT, it should be specified that a UE configured with a Type-II codebook can be configured with more than one CSI-RS resource for CMR.
For a UE configured with a multi-TRP CSI reporting configuration, type-II codebook can be configured with up to two CSI-RS resources for CMR

Non-PMI CSI reporting
In RAN1#106-e, it was proposed to support non-PMI based port-selection for NCJT instead of Type-I and Type-II codebooks. While non-PMI CSI reporting can be of interest as a standalone topic, it is not clear however why such approach would be beneficial particularly for NCJT hypothesis, especially that performance gains of non-PMI based port-selection over conventional codebooks are yet to be justified. Given the notable shortage of time to finalize the CSI enhancements before the conclusion of Rel. 17 RAN1 discussions, we prefer to defer the support of non-PMI CSI reporting to future releases.
No clear justification is provided that shows the benefit of non-PMI based CSI reporting over legacy schemes
Non-PMI CSI reporting is not supported for multi-TRP CSI framework

CSI computation delay
In RAN1#106-e, some companies suggested that CSI computation delays should be relaxed for multi-TRP CSI framework, since a UE needs to compute multiple PMI. On one hand, computing multiple PMI corresponding to different CSI-RS resources implies a larger number of CPUs, and hence the multiple PMI processing is already considered in complexity constraint. On the other hand, the multiple PMI in multi-TRP CSI reporting may require joint processing to handle the inter-TRP interference. In our opinion, one straightforward design implementation would be based on successive PMI design, i.e., when computing two PMI for NCJT, the first PMI is designed without constraint, whereas the second PMI design is conditioned on the first PMI, i.e., the two PMI calculations are successive. Given that, relaxing the CSI computation delay may be needed for some implementations
CSI computation delay relaxation is considered for multi-TRP CSI. Details are FFS

Timeline of CSI-RS resources transmissions 
In RAN1#106-e, some companies raised concerns that undesired phase rotations at a practical receiver caused by DL/UL switching would impact the estimation of the inter-TRP interference. One way to alleviate this issue is via restricting the transmission of the CSI-RS resources corresponding to the two CMR groups to be within either the same slot, or the same CDRX active time. In our opinion, it is more reasonable to restrict the transmission of CSI-RS resources from the two CMR groups within the same slot, so as to minimize the mismatch between the reported CQI calculation and the proper MCS for NCJT. In light of that, we have the following proposal
For CSI-RS resource transmission under multi-TRP CSI framework, the two  resources are restricted within the same DL slot
Type-II Port Selection Codebook Enhancement
[bookmark: _Hlk53958228]In RAN1#106-e [1], the following agreements were made for port-selection codebook enhancements under FDD channel reciprocity in FR1:


	Agreement
Following working assumption is confirmed (with revision in RED):
· At least for rank 1 and 2, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1.
· FFS other restrictions, e.g. value(s) of N, if the value of N3 is small
· FFS other restrictions, e.g. when the number of CSI-RS ports is small

Conclusion
For Rel-17 PS codebook, there is no consensus on the support of Mv>2 for Wf.

Agreement
For Rel-17 PS codebook, the reserved state for reference amplitude is to be reserved as Rel-16 PS codebook.

Agreement
For Rel-17 PS codebook, support reporting of the position, [il*, fl*], of the strongest coefficient (SCI) of layer l, using ceil(log2(K1*Mv)) bits.

Agreement
For Rel-17 PS codebook, support layer-common port selection for rank 2.

Agreement
Support parameter combinations represented by (alpha, Mv, beta) with K1 = alpha*P for Rel-17 PS codebook
· The candidate values of alpha are {1/2, 3/4, 1}
· Note that exact parameter combination will be discussed from RAN1 106bis: 
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Mv={1, 2} and beta = {[1/4], 1/2, 3/4, 1} are from previous agreements

Agreement
For Rel-17 PS codebook with Rank 2, support layer-specific bitmap for indicating non-zero coefficient selection of W2.

Agreement
Support rank 3 and 4 for Rel-17 PS codebook with following:
· Supporting ranks 3 and 4 is optional with separate UE capability (same as Rel-16 PS codebook)
· The maximal CSI overhead of rank 3 and 4 is comparable to rank 2
· FFS: use a smaller K1 (or alpha) or beta for ranks 3 and 4, or limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta
· FFS: limit Mv=1 for ranks 3 and 4 PMI

Agreement
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.

Agreement
For Rel-17 PS codebook, following values of R are supported:
· R = 1 and
· At most one value from {2, D* NPRBSB}
· FFS: which one is to be decided in RAN1#106bis if support, and applicable conditions, e.g. whether the support of this feature when Mv=1
· D is the density of CSI-RS in frequency domain and NPRBSB is the subband size in PRBs
· Note that this R is optional if supported


Codebook design for Rank>2
In RAN1#106-e, it was agreed to support Rel. 17 Type-II PS codebook to up to Rank 4 transmission. In the following, we provide our views on a few design aspects of the codebook.
Parameter combinations
One restriction that has been set to Rank v>2 codebook design is that the CSI feedback overhead is similar to that of Rank 2 codebook. A similar restriction was set to Rel. 16 Type-II codebook, where the value of Mv for v=3,4 is approximately half of the value of that supported for v=1,2, i.e., , leading to supporting half the number of non-zero coefficients per layer, and hence the total number of reported non-zero coefficients is almost the same for Rank 2 and Rank 4 codebooks. Since for v=1,2, the basic value for Mv is 1, the same rule cannot be applied. One alternative approach that can be studied is to set K1 to be rank dependent, i.e., K1,v ≠K1,v’ for v ∈{1,2}, v’ ∈{3,4}, where . Note that this approach would require selecting a single set of ports, however the number of selected ports depends on the rank indicated by the UE. 
Support rank-dependent configuration for the value of K1,v for Rel. 17 PS codebook

FD basis selection
Regarding the mechanism for configuring the FD basis indices for the Rel. 17 Type-II PS, we believe two alternatives exist for FD basis selection:
· Alt1: Configure a larger layer-common window of consecutive FD basis vectors of size Nv, where Nv < Nv’ for v ∈{1,2}, v’ ∈{3,4} 
· Alt2: Configure two layer-group common windows of consecutive FD basis vectors each with size Nv,I, Nv,II, respectively for v ∈{3, 4}, where Nv,I is the window size for layers 1,2, and Nv,II is the window size for layers 3,4. 
Here, we prefer a similar design to Rel. 16 Type-II codebook, with a single, layer-common window for FD basis vectors, whose size is higher-layer configured 
For Rank 3,4, support a layer-common, window-based approach to configure the FD basis indices for all layers, where the set of FD basis indices is contiguous, and whose size is higher-layer configured

Other details
Other design details of the codebook, e.g., the presence of a bitmap and whether it is layer/polarization specific, the quantization/reporting mechanism of the non-zero coefficients, as well as the strongest coefficient indication, should follow a similar design to that of Rank 1,2. Hence, we have the following proposal
For Rel. 17 PS codebook with Rank 3,4, support the following
· A polarization-specific bitmap is reported for each layer
· Reuse the Rank 1 quantization/reporting mechanism for up to Rank 4, with layer-specific non-zero coefficients quantized/reported
· A strongest coefficient indicator is reported for each layer, with a feedback mechanism similar to that for Rank 1 design

Wf ON/OFF reporting
In RAN1#104-e [7], it was agreed that the Rel. 17 port-selection codebook would follow a similar structure to that of Rel. 16 Type-II port-selection codebook, with a DFT-based frequency compression matrix Wf. Note that when M=1, i.e., the frequency compression matrix Wf collapses to a scaled all-ones vector of length N3, which implies that the precoders for all the N3 PMI sub-bands are identical. Clearly, the aforementioned alternative (hereafter denoted as Alt1) is equivalent to a wideband codebook, with the advantage that the codebook can still be configured with M>1 without the need to redefine the codebook. Under Alt1, there is no need to explicitly indicate whether Wf is ‘ON’ or ‘OFF’ since this is implied by the configured M=1 value, which implies wideband PMI. One other alternative (hereafter denoted as Alt2) is to assume Wf collapses to a scalar value ‘1’ when M is set to 1, and hence Wf is not part of the codebook. In our understanding, both Alt1 and Alt2 are equivalent in terms of performance and implementation, however supporting Alt2 would unnecessarily complicate the specification, since the codebook needs to be defined twice: a first definition for M=1, in which Wf is not part of the codebook description, and a second definition for M >1, in which Wf is part of the codebook description (which expands the codebook span to N3 dimensions corresponding to the PMI subbands). In our opinion, defining Wf ON/OFF for M=1 is not clear. In light of that, we believe Alt1 suffices to represent the codebook for a generic value of M ≥1. 
The Rel. 17 codebook structure W=W1W2WfH agreed in RAN1#104-e is generic and can support different frequency compression parameter values M ≥1
Support Alt1: Wf OFF and Wf ON with M=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed

Bitmap reporting for reciprocity-based codebook
In RAN1#104bis-e [5], using a bitmap was discussed for Rel. 17 reciprocity-based codebook similar to Rel. 16 Type-II codebook. In general, a bitmap can help reduce the CSI feedback overhead in scenarios where the UE quantizes a fraction of a large number of coefficient available for the codebook. However, when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients, the advantages of using a bitmap would diminish, and the overhead incurred by including the bitmap can dominate the CSI feedback overhead saving resulting from it. In light of that, we propose that a bitmap is not supported for specific codebook configurations where most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, δ=4. Further details can be left FFS.  
The advantages of using a bitmap diminishes when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients
A bitmap is not reported for Rel. 17 port selection codebook when most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, FFS: value of δ

Supported value(s) of R
One remaining detail of Rel. 17 Type-II codebook design is the supported value(s) of parameter, R, the number of PMI sub-bands per CQI sub-band. We prefer to follow the legacy values in Rel. 16 Type-II codebook with R=1, 2, with the value “2” being optional. 
Support R=1,2 with R=2 being optionally supported
Discussion on RRC parameters for CSI enhancements
RRC parameters for “CSI-mTRP” sub-feature
In [8], a comprehensive candidate list of RRC parameters was provided. Two new RRC parameters are introduced, a first defining “Two CMR groups”, with the RAN2 parent IE set to NZP-CSI-RS-ResourceSet, in addition to “SharingCMR”, with the RAN2 parent IE yet to be decided. In our understanding, the decomposition of CMRs into two groups, as well as CMR sharing are associated with the use of CSI-ReportConfig that corresponds to multi-TRP CSI framework, and therefore these parameters can also be used to indicate a multi-TRP CSI reporting configuration, when configured. Hence, the RAN2 parent IE should be further discussed, or at least deferred to RAN2 assessment.
The RAN2 parent IE for each of the RRC parameters corresponding to “Two CMR groups” and “CMR sharing” is set to CSI-ReportConfig

RRC parameters for “CSI-FDD” sub-feature
For the proposed RRC parameter paramCombination-r17 introduced in [8], we prefer including a note regarding the possible inclusion of R, corresponding to the number of configured PMI sub-bands per CQI sub-band, to be within the set of parameters of the parameter combination, due to the dependence of the value of R value on M, e.g., for M=1 only R=1 should be supported. Hence, we have the following proposal 
The field “paramCombination-r17” configures the supported parameter combination values of the parameters (α, Mv, β, R), where K1 = α.P
Conclusion
This contribution addressed CSI enhancements for NR Rel. 17, including enhancements for NCJT as well as CSI enhancements under FDD channel reciprocity in FR1. 
For CSI enhancements for NCJT multi-TRP, we have the following observations:
1. Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
1. The Rel. 15/16 CSI report priority function is not compatible with the multi-TRP CSI framework where multiple CSI reports can be associated with the same CSI reporting configuration
1. Alt3, Alt5, and Alt6 of RI restriction should not be considered. Also, Alt2 can lead to inconsistency since the difference in the total number of layers transmitted from each TRP is up to one
1. Rel. 16 Type-II codebook achieves better performance compared with Type-I codebook, as well as being configurable for different performance/overhead tradeoff points
1. No clear justification is provided that shows the benefit of non-PMI based CSI reporting over legacy schemes
Based on the observations above, we have reached the following conclusions for CSI enhancements under NCJT:
1. A CSI report corresponding to single-TRP hypothesis has higher priority compared with a CSI report corresponding to NCJT hypothesis
1. For a CSI reporting configuration with X=2 single-TRP CSI reports, ties must be broken between the two single-TRP CSI reports to prioritize one CSI report over the other, e.g., based on associated CSI-RS Resource ID
1. A CSI report is defined for each CSI hypothesis, i.e., different CSI hypotheses correspond to different CSI reports
1. Support Alt1 as a first preference for RI restriction, in which the RI restriction applies to the total number of layers transmitted from the TRP(s) for all single-TRP and NCJT transmission hypotheses. Support Alt4 as a second preference
1. Support Type-II codebook for NCJT along with Type-I single-panel codebook type
1. For a UE configured with a multi-TRP CSI reporting configuration, type-II codebook can be configured with up to two CSI-RS resources for CMR
1. Non-PMI CSI reporting is not supported for multi-TRP CSI framework
1. CSI computation delay relaxation is considered for multi-TRP CSI. Details are FFS
1. For CSI-RS resource transmission under multi-TRP CSI framework, the two  resources are restricted within the same DL slot
For CSI enhancements under FDD channel reciprocity in FR1, we have the following observations: 
1. The Rel. 17 codebook structure W=W1W2WfH agreed in RAN1#104-e is generic and can support different frequency compression parameter values M ≥1
1. The advantages of using a bitmap diminishes when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients
Based on the observations above, we have reached the following conclusions for CSI enhancements under FDD channel reciprocity in FR1:
1. Support rank-dependent configuration for the value of K1,v for Rel. 17 PS codebook
1. For Rank 3,4, support a layer-common, window-based approach to configure the FD basis indices for all layers, where the set of FD basis indices is contiguous, and whose size is higher-layer configured
1. For Rel. 17 PS codebook with Rank 3,4, support the following
· A polarization-specific bitmap is reported for each layer
· Reuse the Rank 1 quantization/reporting mechanism for up to Rank 4, with layer-specific non-zero coefficients quantized/reported
· A strongest coefficient indicator is reported for each layer, with a feedback mechanism similar to that for Rank 1 design
1. Support Alt1: Wf OFF and Wf ON with M=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
1. A bitmap is not reported for Rel. 17 port selection codebook when most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, FFS: value of δ
1. Support R=1,2 with R=2 being optionally supported 

Finally, we have the following proposals for RRC parameter discussion:
1. The RAN2 parent IE for each of the RRC parameters corresponding to “Two CMR groups” and “CMR sharing” is set to “CSI-ReportConfig”
1. The field “paramCombination-r17” configures the supported parameter combination values of the parameters (α, Mv, β, R), where K1 = α.P
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