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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#105-e, good progress has been achieved for both MTRP and FDD reciprocity based CSI. However, there are still many detailed issues to be addressed, so we provide our views for those open issues in this contribution. 
1. Multi-TRP CSI enhancement
During RAN1#105-e, the basic framework has been established for single reporting based MTRP CSI [1]. The remaining issues on MTRP CSI enhancements include the aspects including the default number of NZP CSI-RS resources, CMR pair configuration, CSI sharing, priority/omission rules and mapping order for single reporting based MTRP CSI, etc. In this section, we discuss and present our views on these aspects.
2.1 The default value of Ks,max
	Agreement #1
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.


In our view, Alt 1 provide most flexibility from network perspective where at least two beam pairs can be configured with Ks,max = 4 resources within one CSI-RS resource set in FR2. However, it may need higher UE complexity. Alt 2 needs least UE complexity, and may be sufficient in FR1 which is the same as LTE. However, it is not flexible in FR2 since only one beam pair is supported. That is, only one beam is supported per TRP in FR2. Thus, we propose to adopt Alt 3 as the compromised solution.
Proposal 1: For NCJT CSI measurement, support Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1 where Ks,max is the minimum supported number of CMRs within a resource set in UE capability reporting. 
2.2 CMR pairs and CMRs configuration
	Agreement #2 
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. 


It has been agreed higher layer signaling can be used to select N potential CMR pairs for NCJT measurement hypotheses. However, whether to support additional higher layer signaling to select M (M≤ Ks) CMRs from the CSI-RS resource set for Single-TRP measurement hypotheses is still FFS as shown in the above Agreement#2. 
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 can always be used for STRP measurements in some case, especially when some transmitted beams may only be suitable for MTRP transmission according to group based beam reporting. gNB may use some dedicated beams only used for group based beam reporting, while each individual ones of these beams may not be the strongest ones for STRP transmission. Thus, it is better and more flexible 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 in RRC signaling. For example, a 4-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 and CMR4. One bit value in the table corresponds to one CMR pair. If the bitmap is set/configured to “1” (e.g. CMR1 and CMR3), the corresponding CMR pair can be used for MTRP measurements. On the contrary, if the CMR is set/configured to “0” (e.g. CMR1 and CMR4), the CMR pair cannot be used for MTRP measurements.
Table 2-1 bitmap indication associated with MTRP
	
	Group 1

	
	CMR3
	CMR4

	Group 0
	CMR1
	1
	0

	
	CMR2
	0
	1


In addition, the 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

	1
	1
	0
	1


For Alt3 in above Agreement #3, it is simple to use 1 bit RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis. However, it is not flexible enough because not all CMRs in CMR pairs for NCJT measurement hypothesis should be always used for Single-TRP measurement hypothesis as we discussed above. For example, for a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis and {#0, #1, #3} are for Single-TRP measurement hypothesis. Note that {#2} can only be used for NCJT measurement hypothesis. If Alt 3 is adopted, when gNB enables the sharing, {#0, #1, #2, #3} are always for single-TRP measurement. If gNB disables the sharing, only {#1, #3} are for single-TRP measurement hypotheses. Therefore, Alt3 in Agreement#2 cannot further select a subset CMRs from CMR pairs of NCJT CSI for single-TRP CSI. 
Alt 4 is not preferred as it was discussed in several meetings ago and had been precluded. Further, it increases the number of CMRs in the resource set. 
Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt 2 in Agreement #3 : additional RRC signaling is supported to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses.
2.3 Dynamic updating by MAC-CE
	Agreement #3
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report


For CSI measurement associated with a CSI-ReportConfig for NC-JT, we think RRC signaling is sufficient to flexibly indicate CMR pairs, CMRs configuration and TCI states in CMRs. That’s because the current CSI structure is very flexible, the same CMR set with the same or different TCI states can be configured in multiple CSI report settings with different CMR pair selections. Then, gNB can use the current MAC-CE or DCI to activate or trigger the desired CSI report setting. It is equivalent as the above Alternatives. Thus, any further enhancement of MAC-CE or DCI is unnecessary. 
Proposal 3: Do NOT support dynamic updating for CSI measurement associated with a CSI-ReportConfig for NC-JT.
2.4 CSI sharing
	Agreement #4
For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following potential specification impact: 
· CRI codepoint mapping order with CMRs and CMR pairs
· Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement
· Whether/how to enhance the CSI updating rule to address CPU overbooking
· Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation
· Whether/how to support wideband CSI report
Agreement #5
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 RAN1#104bis-e, it has been agreed that UE can be configured to report X CSIs (X = 0, 1, 2) associated with Single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis. If the value of X is 2, one drawback of this solution is large CSI feedback overhead, since one NCJT and two single-TRP CSIs must be reported. This requires the UE to feed back 2 RIs, 2 PMIs, and 1 CQI for NC-JT CSI and 2 pairs of RI, PMI and CQI for the two Single-TRP CSIs. 
In order to decrease the overhead of UCI, PMI and RI sharing mechanisms between NCJT CSI and single-TRP CSI(s) can be considered. For example, if the value of X is 2, the UE need to report RI_m1, RI_m2, PMI_m1, PMI_m2, CQI_m, which are associated with NCJT CSI and report RI_s1, RI_s2, PMI_s1, PMI_s2, CQI_s1, CQI_s2, which are associated with Single-TRP CSI as shown in Table 2-4. 
After CSI measurement and computation for both NCJT and single-TRP CSI(s), UE can do the comparison and check if PMI sharing is doable or not. If RI between NCJT CSI and single-TRP CSI is same, and the CMRs indicated by CRIs between NCJT CSI and single-TRP CSI are also same (which means the same CMR configuration, e.g. beam for NCJT and single-TRP CSI), CSI sharing can be indicated by UE. For example, if the value of X is 2, 2 new bits in CSI part 1 can be introduced for PMI sharing as shown as Table 2-3. If the PMI sharing bit is configured by “11”, wideband PMI_m1, subband PMI_m1, wideband PMI_m2 and subband PMI_m2 can be shared between NC-JT CSI and single-TRP CSIs. That is to say, wideband PMI_s1, subband PMI_s1, wideband PMI_s2 and subband PMI_s2 don’t need to report, as shown in Table 2-4. With this solution, the overhead of CSI configured by single CSI reporting setting will be reduced significantly. In such case, gNB will assume PMI_m1 can be reused for single TRP 1 scheduling, and PMI_m2 can be reused for single TRP 2 scheduling. 
If PMI sharing is not doable after comparison, UE can indicate other values for the 2 new bits, e.g. 00. For more flexibility, it should be allowed that PMI only for one TRP can be shared between NCJT and single-TRP CSI as shown in value 01 or 10 in Table 2-3. 
Table 2-3 4 PMI sharing cases for X = 2
	00
	PMI not sharing

	01
	PMI associated with TRP2 sharing

	10
	PMI associated with TRP1 sharing

	11
	PMI associated with both TRP1 and sharing



Table 2-4 PMI sharing bit “11” for X = 2
	
	MTRP
	STRP

	
	TRP1
	TRP2
	TRP1
	TRP2

	RI
	RI_m1
	RI_m2
	RI_s1
	RI_s2

	PMI
	WB PMI_m1
SB PMI_m1
	WB PMI_m2
SB PMI_m2
	WB PMI_s1
SB PMI_s1
	WB PMI_s2
SB PMI_s2

	CQI
	WB CQI_m
SB CQI_m
	WB CQI_s1
SB CQI_s1
	WB CQI_s2
SB CQI_s2


For X=1, 1 bit in CSI part 1 is enough for PMI sharing indication, because only 1 Single-TRP CSI and 1 NCJT CSI need to be reported. In this case, if the PMI sharing bit is configured by “1”, wideband PMI_m1 and subband PMI_m1 ( or wideband PMI_m2 and subband PMI_m2) can be shared between NC-JT CSI and single-TRP CSIs. That is to say, wideband PMI_s1 and subband PMI_s1 ( or wideband PMI_s2 and subband PMI_s2) don’t need to be reported, as shown in Table 2-5.
Table 2-5 PMI sharing bit “1” for X = 1
	
	MTRP
	STRP

	
	TRP1
	TRP2
	TRP1( or TRP2)

	RI
	RI_m1
	RI_m2
	RI_s1

	PMI
	WB PMI_m1
SB PMI_m1
	WB PMI_m2
SB PMI_m2
	WB PMI_s1
SB PMI_s1

	CQI
	WB CQI_m
SB CQI_m
	WB CQI_s1
SB CQI_s1


Proposal 4: Support CSI sharing indicated by UE between NCJT CSI and Single-TRP CSI(s) for CSI report Option 1. If sharing is indicated by UE in CSI part 1, the CMRs for NCJT CSI and for Single-TRP CSI should be same, and reported RI for NCJT CSI and Single-TRP CSI should also be same.
Another way to reduce CSI overhead is to reduce CQI feedback overhead for single-TRP. For instance, wideband CQI_s1 and wideband CQI_s2 can be reported as relative values w.r.t wideband CQI_m. 
Proposal 5: Support reporting differential CQI of Single-TRP CSI w.r.t the CQI value of NCJT CSI.
2.5 Mapping order and priority of CSI parameters
	For future RAN1 meeting:
For a CSI report setting with Option 1 and X=1 or 2, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 


In Rel-15 and Rel-16, each Reporting Setting CSI-ReportConfig is associated with one CSI report and configured with one CSI-ReportCongfigId. In Rel-17, CSI report Option 1 with X=0, 1, 2 Single-TRP CSI hypothesises and 1 NCJT CSI hypothesis can configured under single CSI Reporting Setting. Therefore, the X+1 CSI hypotheses per CSI Reporting Setting should be mapped to a single CSI report. 
Proposal 6: The X+1 CSI hypotheses per CSI Reporting Setting for NCJT and STRP are mapped to a single CSI report.
In Rel-15/16, the CSI content in a single CSI report is divided into part 1 and part 2 CSI when subband format is configured. Part 2 CSI is further divided into part 2 wideband and part 2 subband CSI. Part 1 CSI includes CRI, RI and CQI of the first transport block. Part 2 CSI includes LI, PMI and CQI of the second transport block when rank is more than 4.
In Rel-17, in a single CSI report, UE can be configured with X=0, 1, 2 best CSI for STRP and one best CSI for MTRP. In other words, UE needs to report X+1 sets of CSI parameters where each set includes CRI, RI, LI, PMI and CQI. Straightforwardly, the legacy CSI partition rule can be reused in Rel-17. That is, each of X+1 sets of CSI parameters is divided into two parts as Rel-15/16, so UE needs to report X+1 sets of CSI part 1 and X+1 sets of CSI part 2 in a single CSI report. Based on the above analysis, the mapping order of CSI fields should be specified accordingly. For example, assuming that the UE is configured to report X=2 sets of CSI associated with STRP measurement hypotheses and one CSI associated with MTRP measurement hypothesis, the mapping order of legacy CSI fields for CSI part 1, wideband CSI part 2 and subband CSI part 2 can be naturally extended as given in Table 2-6, 2-7 and 2-8 respectively for a CSI report #n, where two RIs and PMIs are needed for the MTRP CSI report. It is noted that the current CSI mapping tables are specified in 38.212 section 6.3.
Table 2-6: Mapping order of CSI fields of one CSI report #n, CSI part 1
	For MTRP
	CRI_m

	
	RI_m1 and RI_m2

	
	Wideband CQI_m for the first TB

	
	Subband differential CQI_m for the first TB

	For 1st TRP
	CRI_s1

	
	RI_s1

	
	Wideband CQI_s1 for the first TB

	
	Subband differential CQI_s1 for the first TB

	For 2nd TRP
	CRI_s2

	
	RI_s2

	
	Wideband CQI_s2 for the first TB

	
	Subband differential CQI_s2 for the first TB


Table 2-7: Mapping order of CSI fields of one CSI report #n, CSI part 2 wideband
	For MTRP
	Wideband CQI_m for the second TB

	
	LI_m

	
	Wideband PMI_m fileds X1

	
	Wideband PMI_m fileds X2

	For 1st TRP
	Wideband CQI_s1 for the second TB

	
	LI_s1

	
	Wideband PMI_s1 fileds X1

	
	Wideband PMI_s1 fileds X2

	For 2nd TRP
	Wideband CQI_s2 for the second TB

	
	LI_s2

	
	Wideband PMI_s2 fileds X1

	
	Wideband PMI_s2 fileds X2


Table 2-8: Mapping order of CSI fields of one CSI report #n, CSI part 2 subband
	For MTRP
	Subband differential CQI_m for the second TB of all even subbands

	
	Subband PMI_m fields X2 of all even subbands

	
	Subband differential CQI_m for the second TB of all odd subbands

	
	Subband PMI_m fields X2 of all odd subbands

	For 1st TRP
	Subband differential CQI_s1 for the second TB of all even subbands

	
	Subband PMI_s1 fields X2 of all even subbands

	
	Subband differential CQI_s1 for the second TB of all odd subbands

	
	Subband PMI_s1 fields X2 of all odd subbands

	For 2nd TRP
	Subband differential CQI_s2 for the second TB of all even subbands

	
	Subband PMI_s2 fields X2 all even subbands

	
	Subband differential CQI_s2 for the second TB of all odd subbands

	
	Subband PMI_s2 fields X2 of all odd subbands


Currently, when CSI reporting on PUSCH or PUCCH comprises two parts, the UE may omit a portion of the Part 2 CSI when there is not sufficient PUSCH resources to transmit the whole Part 2. Omission of part 2 CSI is according to the priority order shown in Table 5.2.3-1 in 38.214. However, for NCJT CSI reporting, UE is expected to report X sets of CSI 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 sets of CSI 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 follows, 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 this case, such rough granularity may overkill the MTRP CSI report if omitting part of the X+1 sets CSI can satisfy the required code rate. In order to have a finer granularity for CSI omission in NCJT, the calculation formulation can be slightly modified as the following proposal 7 to determine the CSI omission rule, 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 channel information can be acquired from MTRP CSI compared with a STRP CSI. For handling CSI collision between two CSI reports where the CSI report with lower priority may be dropped, we think the existing CSI priority formula is sufficient as there is no need to prioritize different CSI hypothesizes within the same CSI report.
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. As shown in Table 2-9, N is the number of CSI reports configured to be carried on the PUSCH. Priority 0 is the highest priority and priority 6N is the lowest priority and the CSI report n corresponds to the CSI report with the Prii,CSI(y,k,c,s,x) values from (6n-5)-th to (6n)-th among the N CSI reports. It is noted that some priorities from (6n-5)-th to (6n)-th for CSI report n may not exist depending on the X values. 
Table 2-9 Priority reporting levels for Part 2 CSI
	Priority 0: Part 2 wideband CSI for CSI reports for CSI reports 1 to N

	Priority 1: Part 2 subband CSI of even subbands
associated with NCJT CSI  if configured for CSI report 1

	Priority 2: Part 2 subband CSI of odd subbands
associated with NCJT CSI if configured for CSI report 1

	Priority 3: Part 2 subband CSI of even subbands
associated with STRP1 CSI if configured for CSI report 1

	Priority 4: Part 2 subband CSI of odd subbands
associated with STRP1 CSI if configured for CSI report 1

	Priority 5: Part 2 subband CSI of even subbands
associated with STRP2 CSI if configured for CSI report 1

	Priority 6: Part 2 subband CSI of odd subbands
associated with STRP2 CSI if configured for CSI report 1

	⁞

	Priority 6N-5: Part 2 subband CSI of even subbands
associated with NCJT CSI if configured for CSI report N

	Priority 6N-4: Part 2 subband CSI of odd subbands
associated with NCJT CSI if configured for CSI report N

	Priority 6N-3: Part 2 subband CSI of even subbands
associated with STRP1 CSI if configured for CSI report N

	Priority 6N-2: Part 2 subband CSI of odd subbands
associated with STRP1 CSI if configured for CSI report N

	Priority 6N-1: Part 2 subband CSI of even subbands
associated with STRP2 CSI if configured for CSI report N

	Priority 6N: Part 2 subband CSI of odd subbands
associated with STRP2 CSI if configured for CSI report N


Proposal 7: CSI priority formula can be changed as below for determination of CSI omission rule


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.

CSI enhancement based on FDD reciprocity
The following three agreements were made in RAN1#105-e for CSI enhancements based on FDD partial reciprocity.
	Agreement #1
· For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.
Conclusion #1
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 #1
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 #2
· A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.
Agreement #3
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 #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
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 #6
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 #7
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 #8
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 #9
At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0
Conclusion #2
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 #10
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 #11
Support rank 2 for Rel-17 codebook
Agreement #12
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 section, we discuss more details about the remaining issues 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.
[image: ]
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 and RAN1#105e, 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 higher rank support.
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 8: 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 9: All the values in {4, 8, 12, 16, 24, 32} can be supported for K1 where K1<=P.
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 N>=Mv as shown in Fig. 3-2. The start position M_initial has been agreed as 0 based on Agreement #9.
[image: ]
Fig. 3-2 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 with layer-specific Wf 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. To increase R is beneficial to achieve higher performance for UE throughput based on previous study in Rel-16. Further, as gNB can precode CSI-RS with any frequency granularity based on its own implementation, supporting higher values for R can make sure UE calculate CSI based on the same assumption of frequency domain granularity as gNB precoding CSI-RS. Further, the number of RBs contained in a PMI subband cannot exceeds the inverse of CSI-RS density, otherwise it will lead to significant performance loss as there is no CSI-RS sample in a PMI subband. The upper bound of R should be , where D is the density of CSI-RS. Therefore, we support the R values from {1, 2, …, }.
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 the window size N is configured (e.g., window size N = 2 or 4 for Mv = 1 or 2), and support N>Mv.
· UE selects and reports layer-specific Wf vectors within the window configured by gNB.
· Support R from the set {1, 2, …, }.
One heated discussion in RAN1#105e is Wf off vs Mv=1 as given in Agreement #12. From technical perspective, the precoding matrix acquired by gNB is same for Wf off and Mv=1. Hence it is not needed to introduce a DFT vector in frequency domain, which complicates the codebook design and restricts the UE behavior to calculate PMI. Hence we think Alt 2 can be supported.
· Further, if Alt 2 is supported, the PMI is actually wideband as there is no subband component in the PMI. Such WB PMI reduces the UE complexity. For Mv>1, the PMI is actually subband. Hence we can use PMI format in the CSI reporting configuration to configure whether it is Wf off or Wf on (Mv=2). Then there is no need to introduce a new dedicated RRC parameter for Mv as PMI format already exists in the RRC message.
Based on the discussion in previous meetings, some companies argued that to keep Mv=1 is beneficial to make the codebook design consistent in terms to three-level codebook structure. Then Alt 3 is also acceptable to us as a compromise. We think it is important to make use of WB PMI in Rel-17 as to reduce UE complexity is one ultimate goal for this enhancement.
Proposal 11: For Wf off vs Mv=1
· Support 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.
· Use PMI format to configure Wf off or Wf on with Mv=2. If PMI format is configured as WB, Wf is off; otherwise Wf is on with Mv=2.
· Alt 3 can be supported if Alt 2 is not supported.
Details on W2
One particular point discussed in last RAN1 meeting is whether bitmap to indicate NZ coefficient locations can be absent in some occasions. Based on previous study, polarization-specific bitmap is needed per layer, which causes large feedback overhead. Hence it is beneficial to omit the report of bitmap when it does not cause ambiguity for NZ coefficient locations without the bitmaps.
· However, due to the fact that UE can select and report a subset of NZ coefficients even when the configured beta value is 1, i.e., the real number of NZ coefficients can be smaller than the maximum of NZ coefficients configured by the gNB. Hence it is not sufficient to omit the bitmap just in the condition of having beta = 1, otherwise it restricts the flexibility of UE implementation. Further, it may not achieve the goal of reducing CSI overhead due to that more coefficients have to quantized and reported. It may have negative impact on performance as well as UE may have to quantize noise as NZ coefficients.
· Due to the above reason, the only condition to omit the reporting of bitmap is the real number of NZ coefficients equals to the maximum number of NZ coefficients when beta=1. Specifically, the condition should be the total number of NZ coefficients reported in Part 1 equals to Rank*K1*Mv and beta=1.
Proposal 12: The bitmap for indicating non-zero coefficients in W2 can be absent when Beta = 1 and the total number of NZ coefficients reported in Part 1 equals to Rank*K1*Mv.
Some discussion happened in RAN1#105e on the enhancement of SCI reporting. In Rel-16, SCI is coded based on the number of SD basis vectors as the strongest coefficient can be shifted to FD basis 0 without impacting performance. However, this shift does not work in Rel-17 as the reported FD basis vectors is contained within a size-N window starting from FD basis 0. If the strongest coefficient is shifted to FD basis 0, it is hard to guarantee the other strong coefficients located within FD basis 0 to FD basis N-1. Hence to shift the strongest coefficient to FD basis 0 may cause some strong coefficients being ignored, and thus cause performance loss. The following alternatives have been proposed to address this issue.
	· 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 R16 codebook is replaced with a strongest polarization indicator (1 bit)


We have the following observations comparing the above alternatives.
· Alt 0 is a simple baseline as the number of NZ coefficients in a layer cannot exceeds K0. There is no cyclic shift operation required for Alt 0. 
· Alt 1-1 and Alt 1-2 provide no benefit compared with Alt 0. The overhead of Alt 1-1 and Alt 1-2 is higher than Alt 0, and they require UE to perform CS operation. Hence Alt 1-1 and Alt 1-2 have higher UE complexity and CSI overhead. 
· Alt 2 also requires CS operation and thus higher complexity at UE side. Further, we cannot ensure that the number of bits in Alt 2 is fewer than Alt 0, as it depends on the detailed value of beta, Mv and N. 
· Alt 3 has similar UE complexity as Alt 0, but whether we can achieve overhead saving is not clear either.
Based on the above observations, we have the following proposal. 
Proposal 13: For SCI reporting in Rel-17 PS codebook, support 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.
Support of higher ranks
We have agreed to support Rank 2 for Rel-17 PS codebook. Whether to support rank 3 and 4 can be further studied and evaluated. If there is benefit from overhead-performance trade-off perspective to use rank 1-4 compared with only using rank 1-2, rank 3 and 4 can be supported.
One important issue for rank 3 and 4 is to reduce the CSI overhead due to the large number of coefficients from more than two layers. In Rel-16, it is controlled by using smaller Mv values for rank 3-4 compared with rank 1-2, i.e., . In Rel-17, as the basic feature is just Mv=1 and Mv=2 is an optional feature, there is no room to further reduce Mv values for rank 3 and 4. A similar approach can be used to address this issue, i.e., to use a smaller beta value for Rank 3 and 4 compared with beta value configured for Rank 1 and 2, e.g., . This can achieve similar overhead compared with using smaller Mv values. Similar performance can be achieved as well.
Proposal 14: Study whether to support Rank 3 and 4 for Rel-17 PS codebook.
· If Rank 3 and 4 are supported, use a smaller beta value for Rank 3 and 4 compared with beta value configured for Rank 1 and 2, e.g., .
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: For NCJT CSI measurement, support Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1 where Ks,max is the minimum supported number of CMRs within a resource set in UE capability reporting. 
Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt 2 in Agreement #3 : additional RRC signaling is supported to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses.
Proposal 3: Do NOT support dynamic updating for CSI measurement associated with a CSI-ReportConfig for NC-JT.
Proposal 4: Support CSI sharing indicated by UE between NCJT CSI and Single-TRP CSI(s) for CSI report Option 1. If sharing is indicated by UE in CSI part 1, the CMRs for NCJT CSI and for Single-TRP CSI should be same, and reported RI for NCJT CSI and Single-TRP CSI should also be same.
Proposal 5: Support reporting differential CQI of Single-TRP CSI w.r.t the CQI value of NCJT CSI.
Proposal 6: The X+1 CSI hypotheses per CSI Reporting Setting for NCJT and STRP are mapped to a single CSI report.
Proposal 7: CSI priority formula can be changed as below for determination of CSI omission rule


[bookmark: _GoBack]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.
For CSI enhancement based on FDD reciprocity:
Proposal 8: 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 9: All the values in {4, 8, 12, 16, 24, 32} can be supported for K1 where K1<=P.
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 the window size N is configured (e.g., window size N = 2 or 4 for Mv = 1 or 2), and support N>Mv.
· UE selects and reports layer-specific Wf vectors within the window configured by gNB.
· Support R from the set {1, 2, …, }.
Proposal 11: For Wf off vs Mv=1
· Support 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.
· Use PMI format to configure Wf off or Wf on with Mv=2. If PMI format is configured as WB, Wf is off; otherwise Wf is on with Mv=2.
· Alt 3 can be supported if Alt 2 is not supported.
Proposal 12: The bitmap for indicating non-zero coefficients in W2 can be absent when Beta = 1 and the total number of NZ coefficients reported in Part 1 equals to Rank*K1*Mv.
Proposal 13: For SCI reporting in Rel-17 PS codebook, support 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.
Proposal 14: Study whether to support Rank 3 and 4 for Rel-17 PS codebook.
· If Rank 3 and 4 are supported, use a smaller beta value for Rank 3 and 4 compared with beta value configured for Rank 1 and 2, e.g., .
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