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Introduction
In RAN#86, the Rel-17 WID for further enhancements on NR MIMO was approved, in which one potential enhancement is for CSI measurement and reporting as shown as follows
	Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. 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


After RAN1#104b-e, good progress has been achieved for both MTRP and FDD reciprocity based CSI. Based on the agreement so far, we provide our views and simulation results for further details on these enhancement aspects in this contribution. 
Multi-TRP CSI enhancement
During RAN1#104b-e, the basic framework has been established for single reporting based MTRP CSI [1]. The remaining issues on MTRP CSI enhancements include aspects like the reuse of CMRs, CMR pair configuration, priority/omission rules for single reporting based MTRP CSI, and whether to confirm multiple reporting based MTRP CSI mainly for multi-DCI based NCJT, etc.. In this section, we discuss and present our views for these aspects.
2.1 The reuse of CMRs in FR2
	Agreement #1 
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
Agreement #2 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1 105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.


As shown in the above Agreement#1 and Agreement#2, for NCJT or STRP measurement hypothesis, whether an NZP CSI-RS resource can be reused for FR2 or subject to further UE capability. Fig. 2-1 elaborates a typical scenario for MTRP CSI-RS resource configuration to make the questions clearer, where CSI-RS resources 1-4 are from TRP1, and CSI-RS resource 5-8 are from TRP2. Further, two receive beams are assumed at UE side.
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Fig. 2-1 MTRP CSI-RS resource configuration
For Agreement#1, the question can be exemplified as, whether CMR 1 can be configured in both CMR pair (1, 5) and CMR pair (1, 6). For CMR pair (1, 5), since joint CSI measurement for RI, PMI and CQI should be implemented on CMR 1 and 5 together, UE needs to use corresponding receive beam r1 and r5 to receive both CMR1 and CMR 5 for inter-beam interference measurement. That is, for CMR1 measurement, UE needs to use both receive beam r1 and r5. For CMR5 measurement, UE also needs to use both receive beam r1 and r5. 
Likewise, for CMR pair (1, 6), UE needs to use corresponding receive beam r1 and r6 for receiving both CMR1 and CMR 6 for inter-beam interference measurement. That is, for CMR1 measurement, UE needs to use both receive beam r1 and r6. For CMR6 measurement, UE also needs to use both receive beam r1 and r6.
However, if both CMR pair (1, 5) and (1, 6) are configured to the UE, UE will not be able to receive CMR 1 with all of receive beam r1, r5 and r6 unless UE has more than two panels. Since it is not a typical deployment and discussion case in Rel-17 that UE has more than two panels, we don’t suggest to introduce a new UE capability to allow a CMR configured for a MTRP CSI also being used for another MTRP CSI in FR2. 
Proposal 1: In FR2, an NZP CSI-RS resource m cannot be referred by two CMR pairs (m, a) and (m, b) for NCJT measurement hypotheses.
For Agreement#2, the question can be exemplified as, whether CMR 1 can be used for STRP CSI and also be configured in CMR pair (1, 5) for MTRP CSI in FR2. In our view, for MTRP CSI, UE needs to use receive beam r1 and r5 corresponding to two panels respectively for receiving CMR1 and CMR5. The motivation is to perform inter-beam interference measurement. However, for STRP CSI, there is no inter-beam interference, UE can use receive beam r1 via both panels for receiving CMR1. Hence the UE implementation is different on the same CMR for MTRP and STRP CSI measurement, which will cause issues for UE implementation or unintentional CSI from gNB perspective. To avoid these issues, we propose that a CMR configured for an MTRP CSI should not be used for a STRP CSI in FR2.
Proposal 2: In FR2, an NZP CSI-RS resource cannot be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.
2.2 CMR pairs and CMRs configuration
	Agreement #3
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis


It has been agreed higher layer singling can be used to select N potential CMR pairs for NCJT measurement hypotheses. However, whether to support additional high layer signalling to select M (M≤ Ks) CMRs from the CSI-RS resource set for Single-TRP measurement hypotheses is still FFS as shown in the second bullet of the above Agreement#3. 
In our view, RRC signaling, e.g. bitmaps should be supported for both MTRP CMR pair selection and STRP CMR selection. That’s because not all resources in resource group 0 and group1 always should be used for STRP measurements in some case, especially when some transmit beams may only be suitable for MTRP transmission according to group based beam reporting. Thus, it is better to introduce two independent bitmaps for MTRP CSI and STRP CSI respectively.
To select N CMR pairs from all possible pairs, bitmap signaling should be used at least by RRC signaling. For example, a 6-bit bitmap can be used to select N<= 2 CMR pairs as shown in Table 2-1, where group 0 includes CMR1 and CMR2, and group 1 includes CMR3, CMR4 and CMR5. One bit value in the table corresponds to one CMR pair. If the bitmap is set/configured to “1” (e.g. CMR3 and CMR1), the corresponding CMR pair can be used for MTRP measurements. If the CMR is set/configured to “0” (e.g. CMR3 and CMR2), the CMR pair cannot be used for MTRP measurements.
Table 2-1 bitmap indication associated with MTRP
	
	Group 1

	
	CMR3
	CMR4
	CMR5

	Group 0
	CMR1
	1
	0
	0

	
	CMR2
	0
	0
	1


In addition, bitmap in Table 2-2 is introduced for STRP CSI, only if the bit value in the bitmap is set/configured to “1”, the corresponding CMR can be used for STRP measurements.
Table 2-2 bitmap indication associated with STRP
	Group 0
	Group 1

	CMR1
	CMR2
	CMR3
	CMR4
	CMR5

	1
	0
	1
	1
	0


Proposal 3: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support additional RRC signalling to configure CMRs from the CSI-RS resource set for Single-TRP measurement hypotheses.
2.3 priority and omission of CSIs
	Agreement #4
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.


In Rel-15 and Rel-16, when CSI reporting on PUSCH or PUCCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of part 2 CSI is according to the priority order shown in Table 5.2.3-1 in 38.214. 
However, as shown in the above Agreement#4, UE is expected to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis. Whether to update the omission rule should be discussed. That’s because the X+1 CSIs have the same priority and may be omitted together if we conduct the calculation formulation  described in section 5.2.5 of 38.214 as following formula, where  represents the CSI type (AP/SP/P CSI report),  corresponds to whether CSI report carries L1-RSRP / L1-SINR or not,  is the CC index, and  is the ID of reportConfig.   


In such case, it may overkill the MTRP CSI report if omission of part of X+1 CSI can satisfy the required code rate. In order to solve this problem of CSI omission in NCJT, the calculation formulation can be slightly modified as the following proposal 4, where x = 0, 1 and 2 may refer to MTRP CSI, the first STRP CSI and the second STRP CSI (if any) respectively. In the proposal, we assume that MTRP CSI priority is higher than STRP CSI within a single CSI reporting since more CSI information can be achieved by MTRP CSI compared with a STRP CSI. 
Based on the new priority formula, the priority order shown in Table 5.2.3-1 of current 38.214 for determining the omission of part 2 CSI should be also changed accordingly.
Proposal 4: CSI priority formula can be changed as


where x = 0, 1 and 2 refer to MTRP CSI, the first STRP CSI and the second STRP CSI (if any) respectively within one single CSI reporting.
2.4 CBSR
	Agreement #5
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRPs
Agreement #6 
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


As shown in the above Agreement #5, a joint RI field for a NCJT measurement hypothesis in CSI part 1 is from the set {1+1, 1+2, 2+1, 2+2}, when the maximal transmission layers is less than or equal to 4. In Rel. 15, rank restriction is configured with “typeI-SinglePanel-ri-Restriction” which indicates the allowed ranks by a bitmap. For NCJT CSI, we can have another RRC configuration to determine the allowed rank combinations from the 4 possibilities, which can be a bitmap of size 4. 
Similarly, a new codebook subset restriction (CBSR) for a NCJT measurement hypothesis in CSI part 2 is needed to down-select some useless PMI combination and reduce UE measurement complexity. Specifically, for a CSI report associated with a 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, when the maximal transmission layers is less than or equal to 4. In such case, the new CBSR is to determine some candidates of PMI combinations {PMI1 + PMI2} are allowed or not, where PMI1 and PMI2 are associated with TRP1 and TRP2 respectively, e.g. gNB can restrict some PMI combinations with large inter-TRP interference by the new CBSR to reduce UE complexity and get quick CSI feedback.
Proposal 5: Support a codebook subset restriction (CBSR) to determine some candidates of PMI combinations {PMI1 + PMI2} are allowed or not.
2.5 CSI measurement for multi-DCI based NCJT
	Working Assumption (In RAN1#103-e)
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Agreement (In RAN1#104-e)
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)


In RAN1#103-e and 104-e, it has been agreed to select at most one of two options for CSI measurement of multi-DCI based NCJT. In our view, the main scenarios for multi-DCI based NJCT is non-ideal backhaul. In such case, inter-TRP interference is considered for CSI feedback even though the actual scheduling of two TRPs may be independent. For option 1, CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources settings. As shown in Fig. 2-2, CSI report setting 1 and 2 should be associated by RRC signaling, e.g. CSI report setting ID 2 is configured under CSI report setting 1, then first N CMRs, e.g. N=2 in the resource set of resource setting 1 is are associated with the first N CMR in resource set of resource setting 2. That is, CMR 1 and CMR 5 are paired, CMR 2 and CMR 6 are paired.
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Fig. 2-2 Two CSI reporting are associated
Option 2 needs less specification effort compared with option 1 since the same framework can be used with single MTRP CSI reporting. However, it needs coordination between two TRPs since one TRP may need to forward CSI reporting to the other.
In general, we slightly prefer confirming the working assumption, i.e. option 1. We are also fine to adopt neither of two options because of very limited time budget in Rel-17.
Proposal 6: Confirming the working assumption or having no further CSI enhancement for multi-DCI based NJCT is slightly preferred.
CSI enhancement based on FDD reciprocity
The following three agreements were made in RAN1#104bis-e for CSI enhancements based on FDD partial reciprocity.
	Agreement #1
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 #2
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off
Agreement #3
Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.
Agreement #4
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· 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.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)
Agreement #5
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters
Agreement #6
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· 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 #7
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1#105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FFS candidate value(s) of N, e.g. 2, 4
· 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 #8
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 #9
For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· 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
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.
Agreement #10
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1#105e, Option 0 is by default.


In this section, we discuss more details about the design of CSI enhancement for FDD reciprocity.
3.1 General procedure
This item assumes partial reciprocity for FDD scenario. gNB can derive angular and delay for multiple paths and use it to assist CSI reporting. In general, the procedure of this FDD reciprocity based CSI reporting is depicted in Fig. 3-1.
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Fig. 3-1 FDD reciprocity based CSI acquisition
Consider DL is operated in frequency A, and UL is operated in frequency B, three step are considered in this procedure.
· Step 1: gNB estimates angles and delays in frequency A by SRS in frequency B;
· Step 2: gNB uses the angles and delays to precode CSI-RS in frequency A;
· Step 3: UE measures the CSI-RS and report CSI (e.g., selected “ports” and coefficients) for frequency A.
Specifically, in Step 2, each CSI-RS port is precoded by one pair of SD basis and FD basis. For one CSI-RS tone of one CSI-RS port, the transmitted signal is , where  is an SD basis, f is an element of the FD basis, and s is one element in the CSI-RS sequence. In Step 3, for each CSI-RS port, i.e., each pair of SD basis and FD basis, what UE can observe is the beamformed channel by setting the delay to FD basis 0. UE can do average in frequency domain to decompress the noise, interference and residual delay vectors. Then UE can select the best ports and perform a wideband SVD to derive the coefficients.
3.2 Codebook structure and reporting details
In RAN1#104e, a Rel-16-analogous codebook structure W=W1W2 WfH is agreed. Further, in RAN1#104bis-e, a number of design details on the three components W1, W2 and Wf are agreed. We discuss remaining design details on W1, W2 and Wf, and further enhancements on CSI-RS overhead reduction.
Details on W1
It has been agreed that W1 performs port selection, where the selected ports are from all the CSI-RS resources associated with the CSI reporting. Further, W1 is polarization-common at least for rank 1.
One FFS point is whether W1 polarization-common for all ranks and CSI-RS ports. There is no technical reason to specify different types of W1 for different ranks and CSI-RS ports. Further, W1 is polarization-common for all the ranks and ports in Rel-15 and Rel-16 port selection codebooks. Hence, we have the following proposal.
Proposal 7: Support polarization-common W1 for all the ranks and CSI-RS ports in Rel-17 PS codebook.
For the candidate values for K1, it is okay to support all the values in {4, 8, 12, 16, 24, 32} where K1<=P.
Proposal 8: All the values in {4, 8, 12, 16, 24, 32} can be supported for K1 where K1<=P.
Details on W2
The main issue for W2 design is the quantization for phases and amplitudes of non-zero coefficients. Since the Rel-17 PS codebook has the same structure as Rel-16 eType II and eType II PS codebooks, the W2 design for Rel-16 can be reused for Rel-17. The coefficients in Rel-17 W2 is the channel coefficients after spatial-domain and frequency-domain compression, which is essentially same as in Rel-16 W2. Hence, Rel-17 PS codebook can reuse the quantization approach adopted in Rel-16 for the non-zero coefficients, which includes the following aspects.
· Differential quantization for amplitudes per polarization: 4 bits for reference amplitude in the weaker polarization, 3 bits for differential amplitude.
· Direct quantization for phases: 4 bits for each phase.
In addition, the reserved state for reference amplitude in Rel-16 can be replaced with a smaller value following 1.5 dB step size, i.e., .
The above approach is Alt 1 in RAN1#104bis-e’s agreement #9, which is the baseline for performance evaluation and down-selection of schemes. We compare the performance of this Alt 1 and Alt 2-0 in system level simulation. The simulation results are shown in Fig. 3-2. Mv = 2 and maximum rank = 4 are assumed in this simulation. The other simulation assumptions are given in Table 1 of Appendix.
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Fig. 3-2 Simulation results for different W2 NZC quantization schemes
The following can be observed in Fig. 3-2.
Observation 1: On W2 NZC quantization, the baseline Alt 1 (reuse Rel-16 approach) outperforms Alt 2-0 with better UPT performance (around 3%) and similar overhead.
Based on the above observation, we have the following proposal.
Proposal 9: Reuse the Rel-16 non-zero coefficient quantization approach for the amplitudes and phases in W2 of Rel-17 PS codebook.
· The reserved state for reference amplitude in Rel-16 can be replaced with a smaller value following 1.5 dB step size, i.e., .
Details on Wf
The reason to include Wf in the Rel-17 codebook structure is to reduce the CSI-RS overhead. gNB can choose a subset of detected delays to precode CSI-RS, and UE can report the detected offset on the delays precoded in CSI-RS in Wf. Hence in theory there should not be many candidate values for DFT vectors in Wf, and most of the Wf vectors should be around DFT vector 0. However, due to issues like reciprocity impair, noise/interference and so on, gNB may not be able to acquire an accurate set of channel delays from measuring SRS. In this case, gNB needs the flexibility to include more report of DFT vectors in Wf, and gNB can rely more on UE reporting to get accurate CSI. 
Based on the above reasoning, we think to let gNB configure candidate vectors in Wf is a good design. Specifically, gNB can configure a consecutive window including the candidate vectors in Wf, the number of vectors contained in this window can be determined by gNB flexibly. To parameterize such window, gNB can configure the window size and the first vector M_initial in this window as shown in Fig. 3-3. The configuration of M_initial can also accommodate the possibility of multiplexing more than 1 delays in one CSI-RS ports.
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Fig. 3-3 An example of gNB configuring candidate vectors for Wf
UE can report the selected vectors in Wf from the window configured by gNB. The number of reported vectors is denoted by Mv. As discussed above, to support Mv>1 is to increase the robustness against imperfect channel reciprocity on delay and angle as well as imperfect channel measurement due to noise and interference. To have higher number of CSI-RS ports such as 24 and 32 ports is also useful to increase such robustness as gNB can select more delay-angle pairs in CSI-RS ports. Hence it is not needed to support larger Mv values for larger CSI-RS ports, and to support a smaller value of Mv for higher number of CSI-RS ports is beneficial to reduce CSI overhead and UE complexity. For example, we can restrict that only Mv=1 is supported for 24 and 32 ports.
On the number of selected Wf vectors (Mv) and the number of configured candidate vectors (N), it makes more sense to support N>Mv as we discussed above. 
· Otherwise, if N=Mv, all the Wf vectors are configured by gNB, UE cannot report Wf vectors based on measuring DL channel. Then there is no need to introduce Wf as all the SD-FD pairs are given by gNB. It is equivalent to have more CSI-RS ports configured. 
· Further considering rank>1 case, different layers may have different best Wf vectors, as FD basis vectors in Rel-16 is layer specific. To support N>Mv is better for higher ranks as different layers can report different Wf vectors in a common configured length-N window. 
Another remaining issue is the value of R. We think it is straight-forward to reuse the R values supported in Rel-16, i.e., support R=1 and 2, which is configurable. Further, since gNB can use RB-level granularity to precode CSI-RS by implementation in Rel-17, the benefit of having larger value of R in codebook is smaller than Rel-16. The difference in terms of performance comes from whether UE uses a correct implementation to calculate PMI, i.e., UE uses a same precoding granularity to calculate the W2 coefficients as CSI-RS precoding in gNB, or UE uses larger PMI subband size to calculate W2 coefficients. Hence the need of having R values larger than 2 requires further study.
Proposal 10: On Wf in Rel-17 PS codebook
· The set of N candidate vectors of Wf is a consecutive window configured by gNB, where both the window size and the start position M_initial are configured (e.g., window size N = 2 or 4 for Mv = 1 or 2), and N>Mv.
· UE selects and reports Mv Wf vectors within the window configured by gNB.
· Support having smaller Mv values for higher numbers of CSI-RS ports (e.g., Mv = 1 only for 24/32 ports)
· Support R=1 and 2.
CSI-RS overhead reduction
One critical issue of the Rel-17 PS codebook is the large CSI-RS overhead caused by UE-specific CSI-RS. In RAN1#104e, a number of candidate solutions to reduce CSI-RS overhead is agreed to be investigated.
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook
In the above options, Option 2 and Option 3 can achieve same performance and same flexibility for multiplexing multiple CSI-RS resources from gNB perspective. One example of Option 3 is shown in Fig. 3-4, where two CSI-RS resources with density 0.5 are configured. CSI-RS resource 1 is configured in even RBs, and CSI-RS resource 2 is configured in odd RBs. CSI-RS ports reported in W1 is selected from all the ports in the two CSI-RS resources. 
[image: ]
Fig. 3-4 An example of using multiple CSI-RS resources to reduce CSI-RS overhead for Rel-17 PS codebook
Compared with Option 0,
· If the total number of ports to be selected are same, saying N, Option 2/3 can reduce CSI-RS overhead, since Option 2/3 only needs to configure two N/2-port CSI-RS resources with density 0.5, and Option 0 needs to configure an N-port CSI-RS resource.
· If the CSI-RS overhead is same, e.g., Option 0 configures an N-port resource with density 1, and Option 2/3 configures two N-port CSI-RS resources with density 0.5, Option 2/3 can use more angle-delay pairs to be selected.
Compared with Option 1, Option 2 or 3 achieves more flexibility for gNB to multiplex different UEs’ CSI-RS resources. In Option 1, one CSI-RS resource, i.e., all the angle-delay pairs, can only be put in one RB. This limits the flexibility for gNB to multiplex multiple CSI-RS resources in one slot. Option 2 or 3 can use more patterns in one slot to multiplex CSI-RS resources, so higher multiplex capacity can be achieved.
Between Option 2 and Option 3, we prefer Option 3 as it has smaller specification impact. Option 3 does not introduce any change from CSI-RS perspective. Further, multiple CSI-RS patterns are used to generate one CSI reporting in Option 2 and Option 3. Hence from UE processing perspective, such multiple patterns need to be counted as multiple active CSI-RS resources. Option 3 complies with such requirement for UE processing without defining any new rule, but Option 2 needs to define new rule to count active CSI-RS resources.
Observation 2: For the options on reducing CSI-RS overhead for Rel-17 PS codebook,
· Option 1 limits the flexibility for gNB to multiplex multiple CSI-RS resources in one slot compared with Option 2 or 3, and thus limits the multiplex capacity of CSI-RS.
· Option 3 has lower specification impact compared with Option 2.
We compare Option 3 and the baseline Option 0 in system level simulations. For N SD-FD pairs selected by gNB, the following detailed schemes with different R values are simulated.
· 1 resource, total N CSI-RS ports, density = 1: This is the baseline Option 0.
· 2 resources, total N CSI-RS ports, density = 0.5: This is Option 3.
To make a fair comparison among all these alternatives, we assume a same number of non-zero coefficients are selected for all of them. 
Simulation results are given in Fig. 3-5. 
· In each of the Rel-17 curve, N values include 16, 32, 48 and 64, which are similar as 2K0 in Rel-16. 
· UE selects maximum N/2 non-zero coefficients per layer, and maximum N non-zero coefficients across all layers. 
· The maximum rank is 4 per UE. 
· FD vectors in CSI-RS precoding are 16x-oversampling DFT vectors, and SD vectors are CSI-RS precoding is 4x-4x-oversampling 2D-DFT vectors. 
· UE-specific CSI-RS overhead is taken into account when calculating throughput. CSI-RS is assumed in a semi-persistent way. When data arrives for a UE, CSI-RS starts to be transmitted every 5 ms, and the CSI-RS transmission terminates when all the data transmission (including initial transmission and retransmission) of one UE and one packet completes.
· The other simulation assumptions are given in Table 1 of Appendix.
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Fig. 3-5 Simulation results for different options on CSI-RS overhead reduction
The following observations can be drawn from the simulation results.
Observation 3: The saved overhead from Option 3 can bring significant performance gain compared with baseline.
Based on the above discussion, we have the following proposal.
Proposal 11: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance CSI measurement and reporting for MTRP and FDD reciprocity.
For MTRP CSI enhancement: 
Proposal 1: In FR2, an NZP CSI-RS resource m cannot be referred by two CMR pairs (m, a) and (m, b) for NCJT measurement hypotheses.
[bookmark: _GoBack]Proposal 2: In FR2, an NZP CSI-RS resource cannot be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis.
Proposal 3: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support additional RRC signalling to configure CMRs from the CSI-RS resource set for Single-TRP measurement hypotheses.
Proposal 4: CSI priority formula can be changed as


where x = 0, 1 and 2 refer to MTRP CSI, the first STRP CSI and the second STRP CSI (if any) respectively within one single CSI reporting.
Proposal 5: Support a codebook subset restriction (CBSR) to determine some candidates of PMI combinations {PMI1 + PMI2} are allowed or not.
Proposal 6: Confirming the working assumption or having no further CSI enhancement for multi-DCI based NJCT is slightly preferred.
For CSI enhancement based on FDD reciprocity:
Proposal 7: Support polarization-common W1 for all the ranks and CSI-RS ports in Rel-17 PS codebook.
Proposal 8: All the values in {4, 8, 12, 16, 24, 32} can be supported for K1 where K1<=P.
Observation 1: On W2 NZC quantization, the baseline Alt 1 (reuse Rel-16 approach) outperforms Alt 2-0 with better UPT performance (around 3%) and similar overhead.
Proposal 9: Reuse the Rel-16 non-zero coefficient quantization approach for the amplitudes and phases in W2 of Rel-17 PS codebook.
· The reserved state for reference amplitude in Rel-16 can be replaced with a smaller value following 1.5 dB step size, i.e., .
Proposal 10: On Wf in Rel-17 PS codebook
· The set of N candidate vectors of Wf is a consecutive window configured by gNB, where both the window size and the start position M_initial are configured (e.g., window size N = 2 or 4 for Mv = 1 or 2), and N>Mv.
· UE selects and reports Mv Wf vectors within the window configured by gNB.
· Support having smaller Mv values for higher numbers of CSI-RS ports (e.g., Mv = 1 only for 24/32 ports)
· Support R=1 and 2.
Observation 2: For the options on reducing CSI-RS overhead for Rel-17 PS codebook,
· Option 1 limits the flexibility for gNB to multiplex multiple CSI-RS resources in one slot compared with Option 2 or 3, and thus limits the multiplex capacity of CSI-RS.
· Option 3 has lower specification impact compared with Option 2.
Observation 3: The saved overhead from Option 3 can bring significant performance gain compared with baseline.
Proposal 11: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook.
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Appendix
Table 1 SLS assumptions for CSI based on FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban 

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

	Inter-BS distance
	200m 

	Channel model
	The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897

	Antenna setup and port layouts at gNB
	(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ


	BS Tx power 
	44 dBm for 20 MHz

	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 
	15 kHz 

	Simulation bandwidth 
	20 MHz (104 RBs) for 15 kHz

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

	MIMO scheme
	For 70% RU, SU/MU-MIMO with rank adaptation is assumed.
For 20% RU, SU-MIMO with rank adaptation is assumed. 

	MIMO layers
	The maximum number of MU layers is 12.
The maximum number of SU layers is 4.

	CSI feedback 
	CSI feedback periodicity: 5 ms, 
Scheduling delay: 4 ms

	Overhead 
	2 OFDM symbols for PDCCH，type 2 for DMRS(24 REs/PRB/slot)
CSI-RS overhead is taken into account as specified in the main content

	Traffic model
	FTP 3 with packet size 0.5 Mbytes

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead 

	SRS modeling for UL channel estimation
	5ms SRS periodicity 
SRS error model in Table A.1-2 in 36.897 with Δ=9 dB.

	FDD DL/UL calibration error model at gNB
	With amplitude error (expressed in decibel of x=20log10a) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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