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1	Introduction
In this contribution we discuss the remaining aspects of the design for reciprocity-aided FDD CSI enhancement, and Multi-TRP CSI enhancement identified by the agreements in RAN1#106bis-e [2].

[bookmark: _Ref54347807]2	FDD CSI reporting with partial reciprocity

[bookmark: _Ref54348033]2.1	 reporting for 
In RAN1#106bis-e, it was agreed to support the additional value of  for the window size when . One remaining detail is how to handle the case in which the parameter , which corresponds to the number of PMI subbands configured in the reporting band, is smaller than , in which case the codebook indices available for the selection of  are fewer than the window size.
Agreement 
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· For rank 3/4, when M=2, N = 2 or 4 is supported and same with the value of N configured for rank 1/2
· FFS how to handle N3=3 case
The minimum number of CQI subbands is 3, for a BWP of 24 PRBs and subband size 8 PRBs. Besides, in general, csi-ReportingBand can be configured with a small number of subbands. Therefore, for candidate values , the number of PMI subbands,  may be smaller than the window size. Although this case is unlikely to occur in practice, a simple solution is to add the condition  such that, in case , the nonzero offset between  and   can only be 1 or 2. Changing the bitwidth of the index  to  to save 1 bit in the special case when , , , seems unnecessary.
Proposal 1. [bookmark: _Ref84010862]Regarding the case , the general condition  can be added in the definition of the FD basis vector , which is applicable for any value of ,  and . There is no need to reduce the bitwidth of the index  by one bit for the special case of ,  when , and , as this small number of subbands is a very infrequent case.

2.2	UCI mapping and CSI omission
After RAN1#106bis-e, a couple of details regarding the UCI mapping and omission rules are left to be decided. The first one is related to the mapping of CSI fields in the three reporting priority levels or Groups. The following options were identified, which are not mutually exclusive.
Agreement
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 
Alt 1 has the advantage of making the FD indicator available, if reported, also when Group 1 and 2 are omitted. In Rel-17 this indicator is only reported when  and  and is 2-bit long, hence including it in Group 0 does not increase its size significantly. Besides, unlike in Rel-16, where the FD bases could not be used for precoder reconstruction without the bitmap and nonzero coefficients, and the strongest coefficient was always located in FD component 0, in Rel-17 the FD bases indication, when reported, is needed to determine the FD component of the strongest coefficient.
Observation 1. [bookmark: _Ref87026334]In Rel-17 the FD basis indicator is needed, when reported, to determine the precoder associated with the strongest coefficient because this can be found in either of the two FD components. Conversely, in Rel-16, the strongest coefficient is always found in FD component 0. Besides the FD component indicator, when reported, is only 2 bits. 
Observation 2. [bookmark: _Ref79169709]
Proposal 1. [bookmark: _Ref79170387]
Proposal 2. [bookmark: _Ref84010767]Regarding the mapping of UCI Part 1, support Alt 1 as the FD basis indicator is needed, when reported, to determine the precoder associated with the strongest coefficient.
The second issue is related to the priority function used to map coefficients and bitmap bits in their corresponding UCI field. The following alternatives were identified in RAN1#106bis-e.
Agreement 
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded. 
Alt 1 corresponds to a simple mapping of one layer at a time by reading coefficients firstly along ports and then along the FD components. One advantage is simplicity and absence of any interleaving of coefficients across layers, which allows to report at least one layer accurately with high probability, in the presence of omission.
Alt 2 and 3 reuse the same sequence as in Rel-16 with interleaving across layers. Note that in all alternatives the permutation function  across FD components introduced in Rel-16 boils down to the identity because there are, at most,  FD components to map in Rel-17.
Alt 3 proposed to apply a new permutation across ports to avoid omitting coefficients mostly from the second polarisation. This problem occurs because the number of selected ports  is much larger than , hence most coefficients from the second polarisation are likely to be assigned to Group 2. The permutation of the port index , with , can be such that, for each layer, the ports are reordered starting from the index of the strongest coefficient, , and alternating between the two polarisations as follows:

The permutation function can be written as follows, where  indicates the polarisation port index . 

Proposal 2. 
Proposal 3. [bookmark: _Ref87026396]Regarding the mapping of coefficients in the UCI field, support Alt 3 by reordering the port index for each layer, starting from the index of the strongest coefficient, , and alternating between the two polarisations: 

2.3	Parameter combinations
In RAN1#106bis-e, 8 parameter combinations were agreed, as described in the following agreement.
Agreement 
With regarding to parameter combinations, following 8 parameter combinations are supported in Rel-17 PS codebook:
	M
	Alpha
	Beta

	1
	1
	1

	1
	1
	3/4

	1
	1
	1/2

	1
	3/4
	1/2

	2
	1
	3/4

	2
	1
	1/2

	2
	3/4
	1/2

	2
	1/2
	1/2


FFS: whether further restrictions/dependences for given parameter combination(s) are needed 
One remaining issue is whether combinations the combination(s) with the largest overhead for  should be restricted for large number of ports.
In a typical 20MHz BWP with 13 subbands, the maximum value of  in Rel-16 CBs is 36 for parameter combination 8, whereas the maximum value of  for any BWP size is 45 for parameter combination 8 and BWP with 19 subbands. However, for Rel-17 CB, the maximum value of  is 48 for parameter combination  and . Hence, from the point of view of limiting the maximum overhead of reporting the nonzero coefficients, it is reasonable to restrict the combination  to , such that the maximum value of  is limited to 36, in line with the maximum value of  in Rel-16 CBs for a typical 13-subband BWP.
From performance perspective, we simulated all parameter combinations for  and verified that the restriction on parameter combination  for  does not impact performance and allows to keep the maximum overhead within the same range as for Rel-16 eType II regular codebook.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. [bookmark: _Ref87026426]Support a restriction of parameter combination  to .
Figure 1 to Figure 4 show performance results for the 4 parameter combinations with  for rank 1 (MR1) and max rank 4 (MR4) and for both DFT-based and eigenvector-based precoding of CSI-RS ports.
Figure 5 shows simulation results for the 4 parameter combinations with  for max rank 4 and DFT-based precoding of CSI-RS ports. The window size is set to  and the two values of  are simulated.

	[image: ]
[bookmark: _Ref84002112]Figure 1. Performance/overhead trade-off for the 4 parameter combinations with  and rank 1. CSI-RS precoding is DFT-based.
	[image: ]
[bookmark: _Ref84002114]Figure 2. Performance/overhead trade-off for the 4 parameter combinations with  and rank 1. CSI-RS precoding is eigenvector-based. 
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[bookmark: _Ref84003464]Figure 3. Performance/overhead trade-off for the 4 parameter combinations with  and max rank 4. CSI-RS precoding is DFT-based.
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[bookmark: _Ref84003466]Figure 4. Performance/overhead trade-off for the 4 parameter combinations with  and rank 4. CSI-RS precoding is eigenvector-based. 
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[bookmark: _Ref84004295]Figure 5. Performance/overhead trade-off for the 4 parameter combinations with  and max rank 4. Window size is  and the two values of  are tested. CSI-RS precoding is DFT-based. 




3	M-TRP CSI reporting enhancement

3.1	UCI mapping and CSI priority/omission/CPU occupation
In RAN1#106-e three issues were identified related to UCI mapping and CSI priority/omission/CPU occupation rules. It was also agreed to prioritise the following issue 1 and, after that, if needed to address issue 2 and 3:
· Issue 1: to confirm the order of UCI payload construction for reported CSIs
· Issue 2: to enhance CSI part 2 omission rules for prioritized CSI measurement hypotheses and associated CSIs
· Issue 3: to enhance CPU occupancy rules for prioritized CSI measurement hypotheses and associated CSIs
Regarding Issue 1, the following alternatives were agreed for down-selection in RAN1#106-e:
Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212
In RAN1#106bis-e, the following proposals were discussed at length
Proposal 24
To confirm the order of UCI payload construction for reported CSIs, 
· modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212 
· Introduce mapping order of CSI fields in the order of NCJT CSI, the first TRP CSI, and the second TRP CSI. It also implies that one CSI reporting setting for NCJT measurement reporting contains single CSI report which may corresponds multiple single-TRP and/or NCJT measurement hypotheses

New Proposal 24-1
Support CSI part2 omission priority level to prioritize single-TRP or NCJT measurement hypothesis for Option 1 with X=1 or X=2
FFS detailed specification impact
Observation 1. [bookmark: _Ref79170098]
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. 
Observation 14. 
Observation 15. 
Observation 16. 
Observation 17. 
Regarding UCI mapping of the CSIs, for a UE configured with codebook-based MTRP CSI reporting, Mode 1 and , multiple CSIs are reported with the same reportConfigID. Hence, it is not clear what order should be used to map the CSI fields of different CSIs in a single report. Proposal 24 above addresses this issue by introducing a mapping order, which is applicable to both Part 1 and Part 2 for subband reporting on PUCCH (‘periodic’ or ‘semi persistent’) and to both Part 1 and Part 2 of wideband or subband reporting on PUSCH (‘aperiodic’).
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. [bookmark: _Ref87026442]Confirm the order of payload construction for reported CSIs by supporting Proposal 24 from RAN1#106bis-e:
· modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212
· Introduce mapping order of CSI fields in the order of NCJT CSI, the first TRP CSI, and the second TRP CSI. It also implies that one CSI reporting setting for NCJT measurement reporting contains single CSI report which may corresponds multiple single-TRP and/or NCJT measurement hypotheses

Regarding wideband reporting of MTRP CSI on PUCCH, we think it should be supported but only with reporting Mode 1 and  or reporting Mode 2, such that the report consists of a single CSI with either one or two WB PMIs. Because wideband reporting on PUCCH consists of Part 1 only, which is of fixed size, padding may be added if needed.
Proposal 6. [bookmark: _Ref87026543]Support wideband reporting of MTRP CSI on PUCCH, but only for reporting Mode 1, with  or Mode 2, by modifying the mapping order of CSI fields of Table 6.3.1.1.2-7 of 38.212.
Regarding Issue 2, i.e., whether a prioritisation between the CSIs in an MTRP CSI report is needed to enhance omission rules, assigning the reporting priority levels in Part 2 as shown in Figure 6 does not require prioritising between CSIs because, if a priority level is omitted, all the information at that priority level is omitted for all the PMIs in the report.
When omitting Part 2 CSI information for a particular priority level assigned to a MTRP CSI report, the UE will omit all the information at that priority level for all the PMIs in the report. Figure 6 illustrates an example of UCI mapping of Part 2 for an MTRP CSI report with Mode 1 and . In Part 2, for MTRP CSI report number , reporting priority 0 is given to the WB components of all the PMIs conveyed in the report; priority  is given to the even SB components of all PMIs in the report; priority  is assigned to the odd SB components of all PMIs in the report. The mapping order of the PMIs in Part 2 priority 0,  and  is the same as introduced in 38.212. The specific order does not impact the omission rules because all the CSIs are omitted if a priority level is omitted.

[image: ]
[bookmark: _Ref83377412]Figure 6. Example of UCI mapping for Part 2 including an MTRP CSI report with Mode 1 and . CSI report  contains 3 CSIs: one NCJT CSI and 2 single-TRP CSIs


Proposal 1. [bookmark: _Ref84011893]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. [bookmark: _Ref87026564]Regarding Issue 2, i.e., whether a prioritisation between the CSIs is needed to enhance omission rules, no prioritisation between CSIs is needed because the 3 reporting priority levels for WB CSI, even SB and odd SB CSI can be assigned to each CSI in the report.
Regarding Issue 3, i.e., whether any enhancement to the CPU occupation rules is needed, it is possible to improve the handling of CPU calculations for MTRP CSI reports with multiple CSIs without impacting the legacy CSI reports. One solution consists in introducing  separate CPU requirements for each of the  CSIs in the report alongside the legacy total CPU requirement for the CSI report. These separate CPU requirements can be used in a special case, when the first CSI report exceeding the CPU count, i.e., CSI report , is an MTRP CSI report configured with Mode 1 and  or .
The following rule can be appended to first paragraph of Sec 5.2.1.6 in 38.214. If CSI report  is an MTRP CSI report configured with Mode 1 and  or , where each CSI,  corresponds to , and  CPUs are unoccupied, the UE is expected to update the first  CSIs and is not required to update the last  CSIs, according to their UCI mapping order, where  is the largest value such that  holds. 
Proposal 8. [bookmark: _Ref84011907]Regarding Issue 3, i.e., whether any enhancement to the CPU occupation rules is needed, support improved handling of CPU calculations for Mode 1 and , without impacting the rules for legacy CSI reports. This can be done by
· introducing  separate CPU occupations for an MTRP CSI report  configured with Mode 1 and  or : , with , alongside the legacy  such that ,  , for  and ,  , , for , and ; 
· adding a dedicated “soft” formula in Sec. 5.2.1.6 of 38.214 for the case when the first CSI report exceeding the CPU count is an MTRP CSI report configured with Mode 1 and  or .
Proposal 9. [bookmark: _Ref84011948]Text proposal for the additional “soft” formula for CSI updates at the end of the first paragraph of Sec 5.2.1.6 in 38.214:
If CSI report  is the first CSI report exceeding the CPU count and it is configured with Mode 1 and  or , where each CSI occupies  CPUs, for , and  CPUs are unoccupied, the UE is expected to update the first  CSIs and is not required to update the last  CSIs, where  is the largest value such that  holds.

3.2	RI restriction and CBSR
In RAN1#106bis-e, it was agreed to support two RI restrictions, one for single-TRP and one for NCJT measurement hypotheses:
[bookmark: _Hlk86158023]Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting 
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· FFS: Whether there can be multiple candidate values of X and Y
In Rel-15/16 both RI and CBSR restrictions are included in CodebookConfig and CodebookConfig-r16, respectively, of CSI-ReportConfig. Therefore, for single-TRP CSI reporting, these restrictions pertain to the codebook configuration and because a CSI-ReportConfig can include only a single codebook configuration, the same restrictions apply to all measurement hypotheses.
The first parameter can follow legacy design and be defined as in Clause 5.2.2.2.1 of 38.214.
[bookmark: _Ref71685857][bookmark: _Ref79170581]The second parameter may also follow legacy design and form a four-bit sequence , where  is the LSB and  is the MSB. When , , the two PMIs and RIs are not allowed to correspond to any precoder associated to the -th rank combination, in the order: {1,1}, {1,2}, {2,1}, {2,2}, where the first rank combination is .
Proposal 10. [bookmark: _Ref84011826]Regarding the RI restriction parameters, follow legacy design for Type I reporting and allow multiple candidate values. For the NCJT RI restriction parameter use a four-bit sequence as per legacy design.
Regarding support for CBSR, two alternatives were identified as follows.

Agreement 
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, down-select one alternative from the following in RAN1 107: 
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
Alt 2 is slightly preferred for the extra flexibility it provides.
Proposal 11. [bookmark: _Ref87026786]Regarding CBSR, support Alt 2, i.e., two CBSRs, one for each CMR group.

3.3	RRC parameters and UE features
The consolidated RRC parameter list after RAN1#106bis-e is found in [11], and copied below for the CSI-mTRP part.

[image: ]
It appears the parameter sharedCMR is missing in the new version
Proposal 12. [bookmark: _Ref87026806]Reintroduce the parameter sharedCMR in the RRC parameter list, as defined in R1-2108676, because it seems left out from R1-2110573.
Regarding the RI restriction, we suggest clarifying to RAN2 that there are two different parameters, one for single-TRP, which may reuse the old parameter name typeISinglePanel-ri‑Restriction, and amend the description which may suggest that there is a single parameter jointly encoding the two restrictions
Proposal 13. [bookmark: _Ref87026819]Clarify that there are two RI restriction parameters, one for single-TRP, which can reuse the Rel-15/16 name typeISinglePanel-ri‑Restriction and the new one for NCJT. Change the description for the new parameter to: “RI restriction applicable to all NCJT measurement hypotheses (up to 4 rank combinations)”. 
We also propose to define the new NCJT RI restriction parameter as a bitmap of size 4 to be able to describe the parameter in 38.214. Similarly, for legacy Type I RI restriction, 38.331 actually refers to the description provided in 38.214.
Proposal 14. [bookmark: _Ref87026830]For the new NCJT RI restriction parameter, add in the description or in value range that it is a bit sequence of length 4, so the relative description can be added to 38.214 as for the legacy Type I RI restriction.

4	Conclusion
Hereafter is a summary of observations and proposals for FDD CSI enhancement
Observation 1	In Rel-17 the FD basis indicator is needed, when reported, to determine the precoder associated with the strongest coefficient because this can be found in either of the two FD components. Conversely, in Rel-16, the strongest coefficient is always found in FD component 0. Besides the FD component indicator, when reported, is only 2 bits.

Proposal 1	Regarding the case , the general condition  can be added in the definition of the FD basis vector , which is applicable for any value of ,  and . There is no need to reduce the bitwidth of the index  by one bit for the special case of ,  when , and , as this small number of subbands is a very infrequent case.
Proposal 2	Regarding the mapping of UCI Part 1, support Alt 1 as the FD basis indicator is needed, when reported, to determine the precoder associated with the strongest coefficient.
Proposal 3	Regarding the mapping of coefficients in the UCI field, support Alt 3 by reordering the port index for each layer, starting from the index of the strongest coefficient, , and alternating between the two polarisations: 
Proposal 4	Support a restriction of parameter combination  to .

Hereafter is a summary of observations and proposals for M-TRP CSI enhancement.

Proposal 5	Confirm the order of payload construction for reported CSIs by supporting Proposal 24 from RAN1#106bis-e:
· modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212
· Introduce mapping order of CSI fields in the order of NCJT CSI, the first TRP CSI, and the second TRP CSI. It also implies that one CSI reporting setting for NCJT measurement reporting contains single CSI report which may corresponds multiple single-TRP and/or NCJT measurement hypotheses
Proposal 6	Support wideband reporting of MTRP CSI on PUCCH, but only for reporting Mode 1, with  or Mode 2, by modifying the mapping order of CSI fields of Table 6.3.1.1.2-7 of 38.212.
Proposal 7	Regarding Issue 2, i.e., whether a prioritisation between the CSIs is needed to enhance omission rules, no prioritisation between CSIs is needed because the 3 reporting priority levels for WB CSI, even SB and odd SB CSI can be assigned to each CSI in the report.
Proposal 8	Regarding Issue 3, i.e., whether any enhancement to the CPU occupation rules is needed, support improved handling of CPU calculations for Mode 1 and , without impacting the rules for legacy CSI reports. This can be done by
· introducing  separate CPU occupations for an MTRP CSI report  configured with Mode 1 and  or : , with , alongside the legacy  such that ,  , for  and ,  , , for , and ; 
· adding a dedicated “soft” formula in Sec. 5.2.1.6 of 38.214 for the case when the first CSI report exceeding the CPU count is an MTRP CSI report configured with Mode 1 and  or .
Proposal 9	Text proposal for the additional “soft” formula for CSI updates at the end of the first paragraph of Sec 5.2.1.6 in 38.214:
If CSI report  is the first CSI report exceeding the CPU count and it is configured with Mode 1 and  or , where each CSI occupies  CPUs, for , and  CPUs are unoccupied, the UE is expected to update the first  CSIs and is not required to update the last  CSIs, where  is the largest value such that  holds.
Proposal 10	Regarding the RI restriction parameters, follow legacy design for Type I reporting and allow multiple candidate values. For the NCJT RI restriction parameter use a four-bit sequence as per legacy design.
Proposal 11	Regarding CBSR, support Alt 2, i.e., two CBSRs, one for each CMR group.
Proposal 12	Reintroduce the parameter sharedCMR in the RRC parameter list, as defined in R1-2108676, because it seems left out from R1-2110573.
Proposal 13	Clarify that there are two RI restriction parameters, one for single-TRP, which can reuse the Rel-15/16 name typeISinglePanel-ri‑Restriction and the new one for NCJT. Change the description for the new parameter to: “RI restriction applicable to all NCJT measurement hypotheses (up to 4 rank combinations)”.
Proposal 14	For the new NCJT RI restriction parameter, add in the description or in value range that it is a bit sequence of length 4, so the relative description can be added to 38.214 as for the legacy Type I RI restriction.
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Appendix

	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

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

	Inter-BS distance
	200m 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (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 
	44dBm for 20MHz

	Simulation bandwidth 
	20 MHz for 15kHz

	Channel model for reciprocity
	Alt1: based on Section 5.3 of TR 36.897

	CSI-RS overhead 
	All DL RS overhead is included in the DL throughput calculation

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	~70% for SU/MU-MIMO with rank adaptation

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	SRS error model and configuration
	SRS error model in Table A.1-2 in 36.897 with Δ=9 dB
(SRS period, comb, # OFDM symbols, # UEs) = (5ms, 4, 4, 8)

	Calibration error model
	
Amplitude error (expressed in decibel of ) and phase error have normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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New Two CMR groups 

For Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR, UE 

is configured with two CMR groups with Ks=K1+K2 CMRs. K1 and K2 are 

the number of CMRs in two groups respectively. K1_max =7,  K2_max =7, 

Ks_max=8. 



it is up to RAN2 to determine how to configure two CMR groups

Up to RAN2

Conclusion (Alt 1-2):

• “N CMR pairs” and “Two CMR groups” are configured in 

NZP-CSI-RS-Resource-Set

• “sharedCMR” is configured in CSI-ReportConfig 

New

N CMR pairs

For Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR, UE 

is configured with N ≥ 1 NZP CSI-RS resource pairs whereas each pair is 

used for a NCJT measurement hypothesis. N_max = 2



it is up to RAN2 to determine how to configure N CMR pair by selecting 

from all possible pairs. 

Up to RAN2

Conclusion (Alt 1-2):

• “N CMR pairs” and “Two CMR groups” are configured in 

NZP-CSI-RS-Resource-Set

• “sharedCMR” is configured in CSI-ReportConfig 

csi-ReportMode

New

Two options/modes for Rel-17 NCJT measurements: 

Mode 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

Mode 2: the UE can be configured to report one CSI associated with the 

best one among NCJT and single-TRP measurement hypotheses

{Mode 1, Mode 2}

numberOfSingleTR

P-CSI-Mode1

New

The number of reported X CSIs associated with single-TRP measurement 

hypotheses, if Mode 1 is configured

{0,1,2}

New

Two RI restrictions can be configured per CodebookConfig, whereas one 

RI restriction is applied to all Single-TRP measurement hypotheses (up to 

the maximal rank of 8) and another one is applied to all NCJT measurement 

hypotheses (up to 4 rank combinations). 



Up to RAN2

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}


