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Introduction
This contribution provides Samsung’s view on the two Rel. 17 CSI enhancement items included in the WID [1]: CSI enhancements for NC-JT transmission, and CSI enhancements for FDD reciprocity. 

NC-JT CSI enhancements
In Rel-16 CSI framework, a CSI-RS resource can be used as a CMR and/or NZP-IMR. To accurately measure CSI for NC-JT transmission, CMR and NZP-IMR should be measured together as a pair depicted in Figure 1. To reduce the RS overhead, it is desirable to reuse CMR as NZP-IMR as well. Rel-16 specification already allows such reuse only when CSI-RS is precoded, since NZP-IMR needs to be precoded such that each port corresponds to the interference transmission layer. To provide more flexibility on CSI resource configuration, it is beneficial to allow non-precoded CSI-RS for CMR to be reused as IMR.
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Figure 1. CMR and IMR configuration for NC-JT CSI measurement.

Proposal 1: On CSI enhancements for multi-TRP, support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS

In RAN1#103-e [3], it was agreed to study CSI report configured by a single CSI reporting settings as follows:
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN



When coordinated scheduler is available for multi-TRP, NW would dynamically switch between NC-JT and non-NC-JT transmission according to the traffic condition and channel quality. For such operation, non-NC-JT CSI report can be configured as well as NC-JT CSI report but it is redundant since only one of those reports are utilized for data scheduling. Another approach is to allow UE to choose only one of those reports according to channel condition and omit the others from reporting. If {CMR, IMR} pairs for non-NC-JT CSI and those for NC-JT CSI are configured together within a same resource setting, such omission can be done implicitly by CRI. One example of such resource setting is depicted in Figure 2. On each {CMR, IMR} pair in Figure 2, CMR indicates the CSI-RS from corresponding TRP, and IMR would indicate CSI-RS/CSI-IM according to the non-NC-JT or NC-JT interference hypothesis. If UE would like to report NC-JT CSI, two corresponding {CMR, IMR} pairs would be chosen, else a single {CMR, IMR} pair will be selected to report non-NC-JT CSI. The chosen {CMR, IMR} pairs can be indicated to gNB by the CRI value. Further, since NC-JT CSI would be burdensome for UE to calculate appropriate precoder, non-PMI based port-selection and some restrictions among reported RIs or PMIs can be beneficial in order to reduce the burden of UE side and CSI report quantity. 
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Figure 2. Example of CSI resource setting for dynamic NC-JT CSI reporting

Also, optimized UCI structure for dynamics NC-JT CSI report is also beneficial and can be extended by using Rel-16 two parts UCI structure as a baseline. For example, for CRI based solution, the amount of UCI for the proposed CSI report can vary much according to the selected CRI value. If the selected CRI value is for NC-JT CSI, the UCI would contain two sets of {RI, PMI, CQI} for cooperating TRPs. Otherwise, the UCI would contain one set of {RI, PMI, CQI} for a single TRP. To handle the varying amount of UCI, we can extend two-part UCI structure in Rel-16 for the NC-JT CSI report. For example, UCI comprises a two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for two TRPs and (2) an indication about remaining CSI for two TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has a variable payload, and comprises remaining CSI for two TRPs.

Proposal 2: For NC-JT CSI reporting enhancement, support and study followings:
· Support CRI-based dynamic reporting between NC-JT and non-NC-JT CSI
· Support non-PMI based port-selection
· Support restrictions among reported RIs or PMIs
· Study UCI structure optimized for dynamic NC-JT CSI report

In RAN1#104-e, it was discussed and agreed that the CSI-RS resource configuration and CSI measurement hypotheses for a single reporting setting as follows:
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report



The proposed CSI report requires additional CSI computational complexity to take into account the mutual interference in NC-JT. As CPU occupation rule in the current spec is designed for the single-TRP CSI, the proposed CSI report needs new CPU occupation rule considering the additional CSI computational complexity. Practical implementation aspects should be taken into account in designing the new CPU occupation rule.

Proposal 3: Design new CPU occupation rule for dynamic NC-JT CSI report 

In RAN1#104bis-e [5], it was agreed to support a 2-part CSI report in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis as below:
	Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses



Further, it was also agreed to study whether to support PMI/RI sharing mechanisms between NC-JT and sTRP CSI in RAN1#105-e [7].
	Agreement
For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 





In the following, we discuss the possible compression/omission/sharing of PMI among single-TRP and NCJT hypotheses by giving an example based on the Type II codebook. Consider an NCJT operation wherein  and  denote the received signal at UE’s antenna panel 1 and 2 corresponding to TRP1 and TRP2, respectively, is given as

                 (1)





where   and denote the precoding matrix and data vector, respectively, corresponding to the  TRP. Whereas, the channel matrix   represents the channel between the i-th TRP and j-th receive antenna panel at the UE. Moreover, denotes a noise vector associated with the j-th UE panel. 
Similarly, a UE may operate in a single-TRP mode when the channel of a particular TRP is significantly better than the other or based on other conditions such as traffic loads at the TRPs. In this case, the received signal from the i-th TRP can be modeled as 

                                      (2)













where ,  and  denote the channel matrix, precoding matrix and data vector, respectively, corresponding to the   TRP. From (1) and (2), it is clear that the main difference in the precoders selection for NCJT (, ) and sTRP hypotheses (, ) is the consideration of the cross-link interference channels, i.e.,  and , in the NCJT case. In other words, when the channels corresponding to the two TRPs are nearly orthogonal, i.e.,  for  wherein  denotes Frobenius norm, the PMI for sTRP hypotheses can be reused for NCJT hypothesis too. This can be considered as a full compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses.





Moreover, considering the codebook format of type II codebook as an example, i.e., , the same beam-group selector matrix  can be reported for both NCJT and single-TRP hypotheses while mitigating cross-link interference by a separately reporting for the second part (). As  corresponds to the dominant angles wherein the received power is concentrated, it doesn’t make much sense to report different PMI components for  corresponding to NCJT and single-TRP hypotheses. The above concept can also be extended to other codebook types and can be considered as partial compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses. The PMI components that could be shared by PMI reporting for single-TRP and NCJT hypotheses can be configured to the UE by higher layer configuration. This way supports flexible trade-off between CSI overhead and precoding performance. In fact, it is reasonable for the UE to dynamically decide which PMI components to be omitted/shared among single-TRP and NCJT hypotheses based on the channel and inter-TRP interference measurement. In other words, upon reporting PMIs for single-TRP and NCJT hypotheses, the UE may dynamically decide on the PMI reporting overhead.
Proposal 4: Support full and/or partial compression/omission/Sharing of PMI among single-TRP and NCJT hypotheses.
Proposal 5: Support the dynamic variation on the level of compression/omission/Sharing of PMI and the associated payload of PMI for single-TRP and NCJT hypotheses.


In RAN1#105-e [7], three alternatives, shown below, were agreed in regards with association of CSI measurement with CSI-ReportConfig for NCJT. According to the agreement one or more alternatives will be selected in RAN1#106-e. 
	Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 




Alt 2 provides explicit configuration wherein RRC signalling indicates M (M≤ Ks) CMRs among the Ks CSI-RS resources in a resource set for sTRP measurement hypotheses. Alt 3, on the other hand, relies on an RRC signalling which either enables or disables CSI-RS sharing among sTRP and NCJT measurement hypotheses. If sharing is enabled, then any of the CSI-RS in a given set can be used for single-TRP measurement hypotheses. However, if sharing is disabled, only CSI-RSs that are not in CSI-RS pairs for NCJT measurement hypothesis can be considered for sTRP measurement hypotheses. These two alternatives basically achieve the same objective based on slightly different ways. However, if sharing is enabled, as the CMRs for NCJT are always measured for all cases X=0, 1 and 2, the same CMR measurements can also be used for sTRP hypotheses. Furthermore, the gNB can achieve the effect of Alt 2 by Alt 3 by properly configuring the number of CSI-RS resources in the set, e.g., Ks=M+2 when N=1 and sharing is disabled and Ks=M when N=1 and sharing is enabled. Therefore, there is no significant advantage obtained from explicitly configuring CMRs for sTRP. In contrast, Alt 4 limits the number of CSI-RS resources for sTRP measurement hypotheses when sharing is enabled. 
Proposal 6: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt: 3:
· For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.

CSI enhancements for FDD reciprocity
The following agreements were made in RAN1#104bis-e [5] and RAN1#105-e [6] about the Rel. 17 codebook enhancement based on FDD reciprocity.
	Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported
Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off

Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.


 
	Agreement
For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.

Conclusion
At least for rank 1, no further restriction or condition is applied for polarization-common based free-selection and combinatorial coefficient based port selection for W1.

Working Assumption
At least for rank 1, 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: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.

Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately

Agreement
At least for rank 1, candidate values of K1 for port selection matrix W1 in NP*K1 are {2, 4, 8, 12, 16, 24, 32}. 
· Note: for polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations

Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· 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
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded

Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Agreement
At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0

Conclusion
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook. 

Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
Support rank 2 for Rel-17 codebook

Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=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
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 

For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
based on trade-off among UPT performance, feedback overhead and complexity



In this subsection, we first provide our views related to the codebook components. In particular, the following open issues have been discussed. The simulation assumptions in this section are according to the agreed EVM in RAN1#102-e, which are also copied in Table 3 in the appendix A. The Rel. 16 PS T2 with paraComb = 1 is considered as reference, unless stated otherwise.
1.1 Wf OFF vs Wf ON, and PMI reporting format 
According to agreement in RAN1#104-e [5], the Wf component of the codebook can be turned OFF by gNB. The exact mechanism about how Wf OFF is configured is still open, and there are three alternatives (according to the agreement copied above) to down-select from. We provide our view about this issue below.
When Wf is turned OFF, 
· the frequency granularity of PMI reporting is WB since there is only precoding matrix reported for the whole CSI reporting band. This implies that there is no need to associate SB with the PMI reporting, and hence the length of the all-one vector (FFS in RAN1#104-e agreement) should be one; 
· both WB and SB CSI can be supported, depending on whether CQI reporting format is WB or SB. Note that in case of WB CSI reporting, BWP < 24 PRBs can be configured, which is not possible when Wf is turned ON since there is no SB size associated with small BWPs. The more details about BWP < 24 PRBs are discussed later; and
· the UE complexity is according to a WB precoder (or PMI) calculation.
On the other hand, when Wf is turned ON,
· the frequency granularity of PMI reporting is SB since there are N3 precoding matrices reported in total, one for each FD unit. The columns of Wf matrix correspond to N3 components;
· only SB CSI can be supported; and
· the UE complexity depends on the SB size for PMI and #SBs for precoder calculation, which in turn depends on the R value.
Now, we agree that Wf OFF and Wf ON with Mv = 1 can achieve the same functionality, and Wf can be fixed to an all-one vector. Hence, we don’t need to support both configurations. The only open issue then is the length of the all-one vector. In our view, it depends on the CSI format (which can also depend on the BWP size, cf. next subsection), in particular, whether a SB size is configured. The length should be one when the CSI is WB (i.e., when SB size is not configured), and more than one when the CSI is SB (i.e. when SB size is configured). 

Observation 1: Regarding turning Wf ON/OFF
· When Wf is OFF, PMI reporting format is WB
· When Wf is ON, PMI reporting format is SB, 
· Wf OFF and Wf ON with Mv=1 are the same, and Wf can be fixed to an all-one vector.

We therefore propose the following.

Proposal 7: Regarding turning Wf OFF, support the following 
· Wf OFF and Wf ON with Mv=1 are the same, and Wf is an all-one vector of length N3.
· N3 = 1 when CSI is WB (i.e. when SB size is not configured), and N3 >1 when CSI is SB (i.e., when SB size is configured).

1.2 BWP < 24 PRBs 
In the current specification, the CSI reporting is restricted to WB CSI using Rel.15 Type I codebook when the BWP size < 24 PRBs. The reason for supporting WB only CSI is due to the fact there is no SB size supported for such small BWPs. In our view, the WB CSI reporting should be supported for Rel.17 codebook for all BWPs, both BWP < 24 and BWP >= 24 PRBs. Some rationales behind this are as follows:
· Rel.17 CB can be used for any BWP sizes since gNB performs some frequency compression via beamformed CSI-RS so that the beamformed channel is less sensitivity to frequency selectivity when compared with Rel.16 codebook. This is also corroborated by the fact that the performance gains of the Rel. 17 codebook shrink quickly with large Mv value.
· Rel.17 codebook with Wf turned OFF essentially corresponds to WB PMI reporting, hence, can be configured for WB CSI reporting for BWP size < 24.
· Performance gain: the UPT vs overhead trade-off comparing Rel.17 codebook and Rel.15 Type I codebook for BWP = 20 PRBs is shown in Figure 1. A large performance gain (up to 16% in avg. UPT) can be observed.
· Reduced capacity or low cost UEs: since the complexity of Rel.17 codebook (especially when Wf is OFF) is small (comparable to Rel.15 Type I), and it achieves large UPT gain, it can be quite attractive for use cases such as low cost UEs, reduced capability UEs, NR railways, or more futuristic use cases. 
· Finally, only low-resolution (Type I) codebook is supported for BWP size < 24, it is beneficial from the perspective of the overall system to also support a high-resolution (Type II) codebook for these BWP sizes. The performance gain can be large, and the CSI overhead and UE complexity are reasonable.

Observation 2: for BWP size = 20 PRBs, Rel.17 codebook can achieve up to 16% gain in avg. UPT over the current specification support (i.e. based on Rel.15 Type I codebook)

Proposal 8: support Rel.17 codebook for BWP size < 24 PRBs with the current restriction in the specification, i.e. support only WB CSI implying Wf is turned OFF


[bookmark: _Ref71559033]Figure 1

1.3 SCI
The following alternatives regarding SCI were discussed in RAN1#105-e.

	Alt 0 : Reporting of the position, [il*, fl*], of the strongest coefficient of layer l using ceil(log2(K0)) bits, where K0=Beta*K1*Mv
Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits
Alt 1-2: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position fl*=0
Alt 2: shifting the strongest coefficient to fl* = 0, and using ceil(log2(N)) bits to indicate the shift quantity for l-th layer. The strongest coefficient is indicated by il*, using ceil (log2(K1)) for l-th layer.
Alt 3: SCI is not needed so that the SCI in Rel.16 codebook is replaced with a strongest polarization indicator (1 bit) 



Our view about these alternatives is as follows:
· Wf shift
· This is applicable only when N > Mv, which has not been agreed yet.
· If the purpose of Wf shift is to ensure that the FD basis (if reported) is w.r.t. to the DC component (FD basis 0), this can be done by the UE since there is no restriction on how UE determines Wf. The UE is free to apply shift before reporting (similar to the fact that the UE is free to measure FD basis outside the window).
· The benefit of this shift is marginal (at most 1 bit saving in Wf payload).
· We therefore don’t see any need for specifying the Wf shift operation. 
· W2 shift or column index remapping (similar to Rel.16)
· The purpose of this shift or remapping is to ensure that the column index of the SCI is FD basis fl*=0 (similar to Rel.16).
· In our view, this is not needed since the column index of the SCI is reported anyway.
· For prioritization in UCI omission, the reported column index of the SCI can be prioritized.
· Bitmap remapping: similar to W2 shift, this is not needed in our view.
· Specification and UE operations: we prefer to simply specification so that the UE implementation is simple. Therefore, any operations if not necessary should be avoided.  
· Concern: any shift/mod operation/remapping/permutation should not make specified Wf (e.g. in TS 38.214) being outside the size N window with Minit=0 (agreement and working assumption from RAN1#105-e).

Based on the above, the pros and cons of different alternatives are summarized in Table 1. In our view, Alt 0, 1-1, and 3 should be preferred over Alt 1-2 and 2 since they can simply specification and UE operations (for PMI calculation) by avoiding the need for Wf shift, W2 shift, and bitmap remapping.
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	Alternative
	SCI decoding requires bitmap 
	Overhead
	Wf shift
	W2 shift
	Bitmap 
remapping
	Spec complexity, UE operations

	Alt 0
	Yes 
	Least overhead
	No
	No
	No
	Low

	Alt 1-1
	No
	More than Alt 0
	No
	No
	No
	Low

	Alt 1-2
	No
	More than Alt 0
	Yes
	Yes
	Yes
	High

	Alt 2
	No
	More than Alt 0
	Yes
	Yes
	Yes
	High

	Alt 3
	No
	More than Alt 0
	No
	No
	No
	Low



Comparing Alt 0, 1-1 and 3, 
· Alt 0 requires bitmap known for SCI decoding. In our view, this is not an issue since the bitmap size is small, , which equals  or  depending on  value (unlike Rel. 16 where it can be large). If the SCI and bitmap are placed in different groups in UCI part 2, then the SCI can’t be decoded only when omission happens. Since the UCI omission is a rate-event, this is an optimization of a rare-event hence not critical.
· Alt 3 is the simplest solution but incurs more overhead (since amplitude and phase of all non-zero coefficients including the strongest coefficient need to be reported).
· Alt 1-1 is also simple, but incurs more overhead than Alt 0 and requires reporting a new indicator for fl*.

Observation 3: re SCI design,
· the need for Wf shift, Wf shift, and bitmap remapping is unclear; Alt 0, 1-1, and 3 are simpler than Alt 1-2 and 2, hence should be preferred over Alt 1-2 and 2.
· since the UCI omission is a rate-event, placing SCI and bitmap together in a group of UCI part 2 is merely an optimization of a rare-event, hence not critical.

We therefore propose the following.

Proposal 9: regarding SCI 
· support Alt 0
· The SCI of the lth layer is represented with  bits
· The SCI and bitmap can be grouped together, e.g., in G0 or G1 of UCI part 2.
· (2nd priority) support Alt 3
· SCI is replaced with a strongest polarization indicator (1 bit)
1.4 Value(s) of R 


[bookmark: _Ref71563275]Figure 2

The value of R determines #FD components (to determine the #rows of the Wf matrix) and the SB size for the PMI or precoding matrix calculation. A lower/smaller of R is preferable for UE implementation complexity. The need for larger values of R requires justification. Similar to other codebook parameters, the tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance should be considered in order to justify the larger value(s) of R.
One important aspect is related to the assumption about the CSI-RS beamforming for different R values. In particular, whether the CSI-RS beamforming is the same regardless of the R values or it can be different, e.g. the CSI-RS beamforming is according to the R values. This is illustrated in Figure 2.
· In example 1, the CSI-RS beamforming at the gNB follows the R value, shown in the middle of the figure. So, CSI-RS beamforming resolution in FD improves with increasing R values.
· In example 2, the CSI-RS beamforming at the gNB follows the largest R value (or per PRB), shown in right side of the figure. So, the CSI-RS beamforming resolution in FD remains the same regardless of the R values.
The FD basis vectors at the UE side as shown in left side of the figure are obtained according to the R value. In this example, a length-8 FD basis vector is considered, which can be obtained from a DFT vector as follows. 
· When R=1/2, we have a length-2 DFT vector , and a length- 8 FD basis vector is given by: .
· When R=1, we have a length-4 DFT vector , and a length-8 FD basis vector is given by: .
· When R=2, a length-8 FD basis vector is , which is a DFT vector.
We provide simulation results comparing different R values for the examples of CSI-RS beamforming in Figure 3, Figure 4, and Figure 5. Results in Figure 3 assume the CSI-RS beamforming (BF) example 1, i.e., when R=1, the CSI-RS BF is based on length- BF vectors, and when R=4, the CSI-RS BF is based on length- BF vectors. That is, the CSI-RS BF vectors are assumed to be different. The simulation results for the CSI-RS BF example 2, when the CSI-RS BF vectors are fixed to be of length-, are shown in Figure 4 and Figure 5 for DFT based and ideal BF respectively. The value of Mv is fixed to 2, and multiple points correspond to different K1 (or L) values. In these simulation results, the number of RBs is assumed to be 48. We can observe the following.

Observation 4: 
· when CSI-RS beamforming is according to the R value, R=4 shows small gain over R=1; however, R=4 has more UE complexity and CSI overhead than R=1
· when CSI-RS beamforming is the same for different R values, then
· there is no performance gain with increasing R values (or increasing the length of DFT vectors comprising Wf)
· R=1/4 achieves the best performance among R=1/4, ½, 1, and 4.
Based on these observations, we propose. 
Proposal 10: regarding R value(s),
· support Alt0 (R=1/4) and Alt1 (R=1), and 
· value(s) R>1 requires more study considering
· the impact of same or different CSI-RS beamforming (depending on R value(s)); and
· tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance.



[bookmark: _Ref68559985]Figure 3: CSI-RS beamforming example 1 (according to R value)
	




[bookmark: _Ref69067708]Figure 4: DFT CSI-RS beamforming example 2 (according to max R or per PRB)


[bookmark: _Ref71565861]Figure 5: Ideal CSI-RS beamforming example 2 (according to max R or per PRB)

In order to the study the impact of CSI-RS beamforming example 2, we provide additional analysis based on the distribution of power candidate FD basis vectors across users. In particular, for CSI-RS beamforming example 2, distribution of 3 strongest FD components (from all possible FD components as shown in Appendix B) across UEs are shown in Figure 6 for the following parameter settings.
· , , CQI SB size=4
· 
·  implying  and 93 FD basis vectors in total.
· CDF of normalized coefficient power for 3 strongest FD basis vectors for each R value.
When the gNB beamforms CSI-RS at per PRB level, the owing to the angle-delay reciprocity, the frequency selectivity of the beamformed channel can be reduced significantly, to the extent that there are no performance benefits with increasing FD resolution due to increasing R values at the UE side.

Observation 5: when the CSI-RS beamforming resolution is per PRB level, there is no noticeable difference between distributions for three strongest FD components for different R values; 
· Implying reduced frequency selectivity of the beamformed channel, which leads to no performance gain with increasing R values
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1.5 Mv > 1 
As discussed in past RAN1 meetings, the support of Mv > 1 should be based on the tradeoff among UPT performance, CSI overhead, and UE complexity, as mentioned in WID [1]. This tradeoff for Mv=2 is described in Appendix C based on the results from companies during RAN1#104bis-e and RAN1#105-e. It is evident that this tradeoff is attractive for small #CSI-RS ports, but not so for high #CSI-RS ports. In fact, for 32 CSI-RS ports, there is hardly any UPT gain, but the CSI overhead and UE complexity burden are very high. The very small UPT gain is due to the fact that when the number of CSI-RS ports is large (e.g. 32), then with high probability, all dominant SD-FD pairs can be beamformed by the gNB via CSI-RS ports, and hence the resultant beamformed DL channel may not have any strong FD components, hence, the Wf component in the codebook may not bring any performance benefits. Therefore, the UE supporting Mv > 1 should not be forced to support this feature for all values of number of CSI-RS ports (P). Such a UE should be allowed to provide the information whether it UE support P > t (threshold), where t = 12, for example. Finally, the need for supporting Mv > 2 is unclear (based on the results and discussion thus far), therefore, such values can be considered in future releases when the need is justified.

Proposal 11: Regarding Mv value(s), 
· [bookmark: _GoBack]UE capable of supporting Mv>1 (agreement from RAN1#104bis-e) shall report whether it support Mv=2 for P > 12 CSI-RS ports
· Mv>2 is not supported in Rel. 17

1.6 Wf window size and UE reporting
As agreed, the Wf component (when turned ON) is determined based on a configuration of a window/set. The gNB based on the UL channel (exploiting DL-UL reciprocity) can determine whether Wf component is needed, and if needed, the gNB can determine the set/window the Wf component should lie in and convey that to the UE. This helps reduce the UE complexity since the UE doesn’t need to search through the full set of FD basis vectors. Regarding the Wf configuration, a single window-based Wf configuration has been agreed as working assumption.
In our view, the Wf configuration should be similar to intermediate FD basis set in Rel.16 T2 codebook. In particular, a window-based configuration is beneficial when the value of N3 is larger than a threshold since the FD components in the middle are likely to be weak, as can be seen in Appendix B. For small N3 values, however, all FD components can be comparable. Hence, limiting to a single window may incur performance loss, and a free selection in that case may be beneficial. We therefore propose the following.

Proposal 12: for rank 1 and rank 2, regarding Wf configuration, 
· Confirm the working assumption (single window) for N3 > t
· Support free selection for N3 <= t, 
where t is a threshold (e.g. t=19).

Now, the next issue is the relationship between the set/window size (N) and the value of Mv. There are three alternatives to down-select from: (Alt1) N=Mv, i.e., no need for any UE reporting, and (Alt2) N>=Mv, i.e., the UE reports Mv out of N configured FD basis vectors with (Alt 2-1) layer-common reporting and (Alt 2-2) layer-specific reporting. 
In our view, for rank 1 and 2, there is no need and benefits for any UE reporting due to N > Mv. Compared to N=Mv, the performance gain, if any, is likely to be very small, which may not justify the complexity and overhead of associated with Wf reporting. This is also verified by simulation results, as shown in Figure 7, wherein we can observe the following.

Observation 6: N=3 achieves performance vs overhead trade-off similar to N=2; but, it has more UE complexity and incurs more CSI overhead.

For high rank, e.g. rank > 2, on the other hand, N > Mv can be beneficial since different layers most likely will experience different delay profiles, hence requiring different Wf. Since the window is configured common for all layers, in order to capture dominant delay profiles of all layers, the window size should be large than Mv. Finally, since Wf for different layers is likely to be different, Alt 2-2 (layer-specific reporting) may be needed. Based on this, we propose the following.

Proposal 13: for relationship between N and Mv, 
· For rank 1 and 2, support Alt1 (N=Mv)
· For rank > 2, study Alt 2-2 (N>=Mv and layer-specific reporting)


[bookmark: _Ref68559538]Figure 7

1.7 Quantization
Regarding the quantization of W2 coefficients, the Rel.16 based scheme has been agreed. The following points are still open. 
· P1: replacing the reference amplitude = 0 “reserved” in Rel.16 with a new value. We prefer to replace it with a new value instead of wasting a state and the new value should be chosen such that it brings performance gain. One way to choose the new value is based on the distribution of the 15 reference amplitude values in Rel.16 codebook, and a choose a value that is in between the two most probable amplitude values. The distribution of the 15 reference amplitude values and the value 0 is shown in Figure 8. We can observe that the two most probable values are  and , i.e., the 2nd and the 3rd amplitude values from the right in the figure. The value in between these two values is . To quantify the performance gain, the following alternatives were compared in [6], and it was shown that Alt C achieves up to 0.6% gain in avg. UPT and up to 1.6% gain in 50% UPT over Alt B. The results are copied in Table 2.
· Alt A: new value = 0
· Alt B: new value =  (following 1.5dB step size)
· Alt C: new value =  (between the two most probable values)
· P2: For Rel.16 based quantization, we need a strongest polarization indicator (which fixes one of the reference amplitude to 1). In Rel.16, SCI is used for this purpose. In Rel.17, the SCI has not been agreed yet. If SCI is not agreed for Rel.17 codebook, then for the Rel.16 based quantization scheme to work, we need a strongest polarization indicator (1-bit). This corresponds to Alt3 in the alternatives for SCI discussion.

Observation 7: regarding replacing the reserved reference amplitude = 0,
· a value  is in between the two most probable amplitude values from Rel.16 reference amplitude codebook
· replacing the reserved reference amplitude = 0 with a new value  can bring up to 0.6% gain in avg. UPT and up to 1.6% gain in 50% UPT when compared with a new value .
Proposal 14: For W2 quantization, 
· support Alt3, i.e., replace the reserved reference amplitude = 0 with a new value  
· for the strongest polarization, support Alt 0 or Alt 3 (2nd preference) in the SCI discussion

[image: image004]
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	beta
	Scheme
	Avg. UPT gain
	50% UPT gain

	 
	R15,L=2 (Ref)
	100.0%
	100.0%

	¼
	Alt A
	105.6%
	104.6%

	
	Alt B
	105.8%
	104.9%

	
	Alt C
	106.2%
	106.0%

	½
	Alt A
	111.4%
	110.4%

	
	Alt B
	110.7%
	110.8%

	
	Alt C
	111.4%
	112.0%

	¾
	Alt A
	112.2%
	112.7%

	
	Alt B
	112.0%
	112.5%

	
	Alt C
	112.7%
	113.6%



1.8 Parameter combinations 
Our view about the codebook parameters are as follows:
· #CSI-RS ports (): the maximum value of  has been agreed to be 32. Regarding the minimum  value, in our view,  should be supported in addition to {4,8,12,16,24,32}. This can be beneficial for scenarios in which the UL-DL reciprocity is strong (including the TDD scenario) and the channel has very few (1 or 2) strong clusters. Note that a 2-port beamformed codebook (Class B, K=1) is supported in LTE. 
· Since the special configuration of W1 being identity is agreed, the value K1 belongs to {2,4,8,12,16,24,32}. Now, for a given , the value K1 should not be too small since similar performance can be achieved with a lower value of  and the overhead and complexity can also be reduced. For example, the performance similar to the configuration  and K1=4 is likely to be achieved with the configuration  and K1=4. Also, since the total number of parameter combinations in Rel.17 needs to be comparable to that (8) in Rel. 16 and the special configuration needs to be supported, one way to achieve both is by parameterizing  as  where  (as proposed by some companies in RAN1#105-e). Note that  corresponds to the special configuration. As discussed, the value  can be limited to the range . Therefore, the parameter combinations can be triples . The candidate values for down-selection can be as follows:
· 
· 
· 

Proposal 15: Regarding Rel. 17 codebook parameters,
· support P from {2,4,8,12,16,24,32}
· parameterize  as 
· parameter combinations correspond to triples , where the candidate values for down-selection are as follows:
· 
· 
· 

1.9 Bitmap absent
Another point for discussion is whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting. In our view, if  is supported for Rel. 17 codebook, then the maximum value of the number of coefficient for a layer can be , which corresponds to an all-one bitmap, hence can be omitted. Such omission can be beneficial since the overhead saving can be large. There are two alternatives for supporting this feature.
· Alt 1: whether bitmap is absent is determined based on parameters. For example, when  or  or  rank = 1, the bitmap is absent.
· Alt 2: whether bitmap is absent is determined by the UE. For example, this can be based on  value in UCI part 1, e.g. , bitmap is absent; otherwise, bitmap is present.
Between the two alternatives, we prefer Alt 2 since it is similar to Rel.16 design, i.e., the UE determines #NZ coefficients for reporting (e.g. based on channel measurement), and is not forced to always report all coefficients by configuration. 
Proposal 16: whether bitmap is absent is determined by the UE, e.g., based on  value in UCI part 1. 

1.10 Remaining rank 2 issues
In this section, we provide our view about the remaining rank 2 issues.
First, regarding the codebook parameters, similar to Rel.16, ,, and  values can be layer- and RI-common for rank 1 and rank 2 (i.e., one value for both rank 1 and 2, and all layers).
Then, the port selection (PS) via  can be layer-common vs layer-specific. In our view, this issue is related to whether PS is implemented before or after SVD operation to extract layers. If it is done after SVD, then layer-specific PS may be needed. Otherwise, layer-common PS can be considered, but there is likely to be performance loss (when compared with layer-spec). This is shown in Figure 9.

Observation 8: layer-specific PS (W1) performs better than layer-common PS (W1), especially in medium-high overhead regime (beta=0.75,1): up to ~2-3% gain in average UPT with small increase in overhead

Finally,  can be similar to Rel.16, i.e., a layer-specific bitmap, SCI (or strongest polarization indicator), and amplitude/phase of NZ coefficients should be supported in Rel.17.

Proposal 17: regarding rank 2 
· : similar to Rel.16, a layer-specific bitmap, SCI (or strongest polarization indicator), and amplitude/phase of NZ coefficients should be supported in Rel.17.
· Support Rel.16 design for parameters , and 
· layer- and RI-common , for rank 1 and rank 2
· layer-specific bitmap, SCI (or strongest polarization indicator), and amplitude/phase of NZ coefficients
· Support layer-specific 
[image: ]
[bookmark: _Ref79076064]Figure 9: PS for 32 CSI-RS ports

1.11 Other issues 
Some of the other issues are discussed in this subsection.
· Rank > 2 design: rank 3-4 can be studied, and if RAN1 agrees to support rank 3-4, then the support should be optional by separate UE capability, similar to Rel.16. Also, it is desired to keep the UE complexity CSI payload of the rank 3-4 CSI reporting reasonable, if possible, comparable to rank 2 CSI reporting. One way to achieve this is by turning Wf OFF, i.e., the  value for rank 3-4 can be fixed to . 
· UCI omission: as mentioned in SCI discussion earlier, we prefer to reuse the Rel.16 UCI omission, with possible simplifications such as the following:
· Permutation: since the maximum value of Mv is 2, which is subject to UE capability, then there is no need for any FD permutation. 
· Bitmap partition: since the bitmap size is likely to be much smaller than Rel.16, there is no need for bitmap partitioning, hence it can be reported in G0 or G1 of UCI part 2.
· FD basis indicator: at least for rank 1 and 2, we can fix N=Mv, thereby avoiding the need for any FD basis indicator.

Proposal 18: for Rel.17 codebook,
· study rank 3-4, and if supported, 
· it is optional with separate UE capability (similar to Rel.16)
· only  for rank 3-4
· simplify Rel.16 UCI omission mechanism and consider the following potential simplifications
· no FD permutation
· no bitmap partition
· no FD basis indicator, at least for rank 1 and 2

Conclusion
In this contribution, the following observations and proposals are made: 

NC-JT CSI enhancements

Proposal 1: On CSI enhancements for multi-TRP, support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS
Proposal 2: For NC-JT CSI reporting enhancement, support and study followings:
· Support CRI-based dynamic reporting between NC-JT and non-NC-JT CSI
· Support non-PMI based port-selection
· Support restrictions among reported RIs or PMIs
· Study UCI structure optimized for dynamic NC-JT CSI report
Proposal 3: Design new CPU occupation rule for dynamic NC-JT CSI report 
Proposal 4: Support full and/or partial compression/omission/Sharing of PMI among single-TRP and NCJT hypotheses.
Proposal 5: Support the dynamic variation on the level of compression/omission/Sharing of PMI and the associated payload of PMI for single-TRP and NCJT hypotheses.
Proposal 6: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt: 3:
· For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.
 
FDD CSI enhancements

Observation 1: Regarding turning Wf ON/OFF
· When Wf is OFF, PMI reporting format is WB
· When Wf is ON, PMI reporting format is SB, 
· Wf OFF and Wf ON with Mv=1 are the same, and Wf can be fixed to an all-one vector.
Observation 2: for BWP size = 20 PRBs, Rel.17 codebook can achieve up to 16% gain in avg. UPT over the current specification support (i.e. based on Rel.15 Type I codebook)
Observation 3: re SCI design,
· the need for Wf shift, Wf shift, and bitmap remapping is unclear; Alt 0, 1-1, and 3 are simpler than Alt 1-2 and 2, hence should be preferred over Alt 1-2 and 2.
· since the UCI omission is a rate-event, placing SCI and bitmap together in a group of UCI part 2 is merely an optimization of a rare-event, hence not critical.
Observation 4: 
· when CSI-RS beamforming is according to the R value, R=4 shows small gain over R=1; however, R=4 has more UE complexity and CSI overhead than R=1
· when CSI-RS beamforming is the same for different R values, then
· there is no performance gain with increasing R values (or increasing the length of DFT vectors comprising Wf)
· R=1/4 achieves the best performance among R=1/4, ½, 1, and 4.
Observation 5: when the CSI-RS beamforming resolution is per PRB level, there is no noticeable difference between distributions for three strongest FD components for different R values; 
· Implying reduced frequency selectivity of the beamformed channel, which leads to no performance gain with increasing R values
Observation 6: N=3 achieves performance vs overhead trade-off similar to N=2; but, it has more UE complexity and incurs more CSI overhead.
Observation 7: regarding replacing the reserved reference amplitude = 0,
· a value  is in between the two most probable amplitude values from Rel.16 reference amplitude codebook
· replacing the reserved reference amplitude = 0 with a new value  can bring up to 0.6% gain in avg. UPT and up to 1.6% gain in 50% UPT when compared with a new value .
Observation 8: layer-specific PS (W1) performs better than layer-common PS (W1), especially in medium-high overhead regime (beta=0.75,1): up to ~2-3% gain in average UPT with small increase in overhead

Proposal 7: Regarding turning Wf OFF, support the following 
· Wf OFF and Wf ON with Mv=1 are the same, and Wf is an all-one vector of length N3.
· N3 = 1 when CSI is WB (i.e. when SB size is not configured), and N3 >1 when CSI is SB (i.e., when SB size is configured).
Proposal 8: support Rel.17 codebook for BWP size < 24 PRBs with the current restriction in the specification, i.e. support only WB CSI implying Wf is turned OFF
Proposal 9: regarding SCI 
· support Alt 0
· The SCI of the lth layer is represented with  bits
· The SCI and bitmap can be grouped together, e.g., in G0 or G1 of UCI part 2
· (2nd priority) support Alt 3
· SCI is replaced with a strongest polarization indicator (1 bit)
Proposal 10: regarding R value(s),
· support Alt0 (R=1/4) and Alt1 (R=1), and 
· value(s) R>1 requires more study considering
· the impact of same or different CSI-RS beamforming (depending on R value(s)); and
· trade-off among UE complexity, CSI overhead, potential-specification impact, and the UPT performance.
Proposal 11: Regarding Mv value(s), 
· UE capable of supporting Mv>1 (agreement from RAN1#104bis-e) shall report whether it support Mv=2 for P > 12 CSI-RS ports
· Mv>2 is not supported in Rel. 17
Proposal 12: for rank 1 and rank 2, regarding Wf configuration, 
· Confirm the working assumption (single window) for N3 > t
· Support free selection for N3 <= t, 
where t is a threshold (e.g. t=19).
Proposal 13: for relationship between N and Mv, 
· For rank 1 and 2, support Alt1 (N=Mv)
· For rank > 2, study Alt 2-2 (N>=Mv and layer-specific reporting)
Proposal 14: For W2 quantization, 
· support Alt3, i.e., replace the reserved reference amplitude = 0 with a new value  
· for the strongest polarization, support Alt 0 or Alt 3 (2nd preference) in the SCI discussion
Proposal 15: Regarding Rel. 17 codebook parameters,
· support P from {2,4,8,12,16,24,32}
· parameterize  as 
· parameter combinations correspond to triples , where the candidate values for down-selection are as follows:
· 
· 
· 
Proposal 16: whether bitmap is absent is determined by the UE, e.g., based on  value in UCI part 1.
Proposal 17: regarding rank 2 
· Support Rel.16 design for parameters , and 
· layer- and RI-common , for rank 1 and rank 2
· layer-specific bitmap, SCI (or strongest polarization indicator), and amplitude/phase of NZ coefficients
· Support layer-specific 
Proposal 18: for Rel.17 codebook,
· study rank 3-4, and if supported, 
· it is optional with separate UE capability (similar to Rel.16)
· only  for rank 3-4
· simplify Rel.16 UCI omission mechanism and consider the following potential simplifications
· no FD permutation
· no bitmap partition
· no FD basis indicator, at least for rank 1 and 2
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Appendix A

[bookmark: _Ref54212124]Table 3: Simulation assumptions for FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL

	Inter-BS distance
	200m 

	Reciprocity model
	Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (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, 0.5)λ for (rank 1,2) 

	BS Tx power 
	44 dBm for 20MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz with 15kHz SCS

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO, rank 1 only

	MIMO layers
	Up to 4 layers

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback): 5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling): 4 ms

	Overhead 
	CSI-RS, DMRS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO, rank 1 only

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	User throughput vs CSI feedback overhead 

	Baseline for performance evaluation
	Rel-16 regular and PS eTypeII codebooks

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm

	FDD DL/UL calibration error model at gNB
	
According to R1-144943, with amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant per 4 PRB at frequency.



Appendix B
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Figure 10: distribution of normalized power of FD components across UEs (for CSI-RS beamforming example 2)

Appendix C

WID:
	Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead



RAN1#104bis-e

Companies: HW, Nokia, CATT, MTK, Fraunhofer, QCM, SS, E///

Results comparing Mv=2 with Wf OFF (Mv=1)
	Company
	8 ports
	16 ports
	32 ports

	C1
	
	
	No comparison

	C2
	
	
	No comparison

	C3
	
	
	Small gain (1%)

	C4
	
	Mod gain (2-3%)
	

	C5
	
	Small gain (~1%)
	Very small gain (<0.5%)

	C6
	
	
	No gain

	C7
	
	Small gain (1-2%)
	No gain

	C8
	Gain (~4%)
	Small gain (~1%)
	No gain

	Performance
	Gain
	Small gain
	No gain

	Overhead
	Not too high
	High
	Highest

	Complexity
	Not too high
	High
	Highest

	Overall trade-off among 3 metrics
	Yes
	No
	No



RAN1#105-e

Companies: HW, CATT, Fraunhofer, Nokia/NSB, SS, MTK, E///

Results comparing Mv=2 with Wf OFF (Mv=1)
	Company
	8 ports
	12 ports
	16 ports
	24 ports
	32 ports

	C1
	
	3.58%
	3.26%
	2.31%
	0.87%

	C2
	
	
	<3%
	
	<1.3%

	C3
	
	
	~1%
	
	~1%

	C4
	
	
	
	
	No gain in lower overhead regime, very small gain in high overhead regime;
New results: gain when there SRS BW < ½ CSIRS BW

	C5
	
	
	Small gain (1-2%)
	
	No gain

	C6
	
	
	Mod gain (3-4%)
	
	

	C7
	Mod gain (2-3%)
	
	Mod gain (2-3%)
	
	No gain

	C8
	
	
	
	
	

	Performance
	Gain
	
	Small gain
	
	No gain, very small gain

	Overhead
	Not too high
	
	High
	
	Highest

	Complexity
	Not too high
	
	High
	
	Highest

	Overall trade-off among 3 metrics
	Yes
	
	No
	
	No



WB CSI, 20 PRBs

R17, TypeII, K1=4,8,12,16,24,32, beta=1/2	20	46	67	86	120	145	1.0235348407937239	1.1037378864790031	1.1379787724965389	1.1602215043839408	1.1629903091832026	1.1637286571296723	R15, TypeI	18	1	Overhead (#bits)


Avg. UPT gain




32 ports, Mv=2, K1=2,4,6,8,10,12,14,16

L=1-8, Mv=2, R=1	13	34	52	67	84	98	113	127	0.96389776357827472	0.9986421725239617	1.0349440894568691	1.0560303514376999	1.089856230031949	1.1022763578274761	1.1246006389776357	1.1220047923322685	L=1-8, Mv=2, R=4	13	34	52	67	84	98	113	127	0.9805111821086262	1.0144968051118211	1.0588258785942493	1.0714856230031948	1.1057108626198084	1.1142571884984025	1.130191693290735	1.126797124600639	Overhead (#bits)


Avg. UPT




32 ports, Mv=2, K1=2,4,6,8,10,12,14,16

R=1/4	13	34	52	67	84	98	113	127	1	1.0449690033381021	1.0891750119217931	1.111301859799714	1.1137339055793993	1.1469241773962804	1.1556032427277063	1.1691463996185028	R=1/2	13	34	52	67	84	98	113	127	1.0078206962327134	1.0345255126371007	1.0636623748211731	1.0929422985216977	1.1138769670958513	1.1354792560801146	1.143299952312828	1.1562231759656652	R=1	13	34	52	67	84	98	113	127	0.99279923700524564	1.0242250834525515	1.07310443490701	1.1028135431568908	1.1072484501669053	1.1363853123509775	1.1340963280877445	1.1462565569861707	R=4	13	34	52	67	84	98	113	127	0.97958989031950416	1.0272293752980448	1.0661421077730091	1.095374344301383	1.1134000953743444	1.128898426323319	1.1351454458750596	1.1513113972341442	Overhead (#bits)


Avg. UPT




32 ports, K1=4,8,12,16,24,32

R=1/4	34	67	98	127	181	226	1.0513971817530452	1.0901839025555291	1.1293049916407929	1.1474086458084549	1.1577740625746358	1.1790780988774781	R=1	34	67	98	127	181	226	1.0567470742775258	1.0939097205636494	1.119751612132792	1.1413900167184141	1.1547169811320754	1.169668020062097	R=4	34	67	98	127	181	226	1.0488177692858849	1.0909959398137092	1.1155003582517318	1.1416766181036542	1.1561022211607357	1.1755911153570577	Overhead (#bits)


Avg. UPT gain




32 ports, beta={1/4,1/2,3/4,1}
N=Mv=2, K=12	79	122	165	207	1.0732403690983572	1.1292671825216203	1.1489220838333263	1.1447428311333636	N=3, Mv=2, K=12	80	123	166	208	1.082178176852733	1.1276120329374768	1.1389498075888607	1.1435842264244631	N=Mv=2, K=24	144	229	314	398	1.1279016841147018	1.1749906897835891	1.1793354574419663	1.1876525841022882	N=3, Mv=2, K=24	145	230	315	399	1.1267017006661977	1.171556254396491	1.1845491786320188	1.1920387305002689	Rank 1 overhead

Avg. UPT
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