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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#106-e [2].

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

[bookmark: _Ref54348033]2.1	: remaining issues
In RAN1#106bis-e, it was agreed to support layer-common port selection for rank 2 reporting.
Agreement
For Rel-17 PS codebook, support layer-common port selection for rank 2.
These ports are selected freely and are polarisation common as agreed in RAN1#104bis-e. Therefore, Rel-17 PS codebook supports polarisation- and layer-common free port selection for rank 1 and 2.
Agreement
For rank=1, polarization-common based free-selection should be supported for W1.

Observation 1. [bookmark: _Ref84010174]It was previously agreed that Rel-17 PS codebook supports polarisation- and layer-common free port selection for rank 1 and 2.

Agreement
Support rank 3 and 4 for Rel-17 PS codebook with following:
· Supporting ranks 3 and 4 is optional with separate UE capability (same as Rel-16 PS codebook)
· The maximal CSI overhead of rank 3 and 4 is comparable to rank 2
· FFS: use a smaller K1 (or alpha) or beta for ranks 3 and 4, or limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta
· FFS: limit Mv=1 for ranks 3 and 4 PMI
Therefore, it makes sense to extend the polarisation- and layer-common free-selection assumption for the port selection mechanism to rank 3 and 4 reporting. Note that this assumption allows to keep the port selection operation before the SVD to extract layers also for rank 3 and 4, as shown in Figure 1. Otherwise, if port selection was layer-specific for rank 3 and 4, the size of the SVD may have to increase to , instead of  for the ports to be selected separately for rank 3 and 4.
Proposal 1. [bookmark: _Ref84010738]Extend support for polarisation- and layer-common free port selection also for rank 3 and 4.
[image: ]
[bookmark: _Ref83744539]Figure 1. High-level diagram of the operations involved in Rel-17 PS CB showing the position of the “layer extraction” operation relative to the codebook components. Of these, both  and  are layer-common, whilst  remains layer-specific.

2.2	 reporting
In RAN1#106-e, some further discussion took place regarding the possibility that the bitmap may not be reported in some special cases and the following alternatives were identified.
Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.
On the one hand, Alt 2 and 3 do not violate the principle that the UE determines the number of reported nonzero coefficients  (indicated in Part 1 UCI). Alt 2 is a simple optimisation but may not have a significant impact in terms of overhead saving. With Alt 3 the cases in which the bitmap is omitted are more than with Alt 2, but it requires an additional field in Part 1, which may be regarded as an over design.
On the other hand, Alt 1 and 4 force a UE to report coefficients that may be zero, which may increase overhead and degrade performance because the amplitude quantisation levels do not include the zero value, hence if some of the coefficients are very close to zero, these would need to be reported anyway with a nonzero value. Besides, the field  in Part 1 becomes redundant in these cases.
Observation 1. [bookmark: _Ref79169709]
Observation 2. [bookmark: _Ref84010366]With Alt 1 and 4, a UE cannot determine the actual number of nonzero coefficients, as all the coefficients are reported. In this case the indicator  in Part 1 CSI becomes redundant and coefficients that may be virtually zero are reported with a nonzero quantisation level.
Proposal 1. [bookmark: _Ref79170387]
Proposal 2. [bookmark: _Ref84010767]Regarding the absence of the bitmap, support Alt 2, i.e.,  if  and a UE reports  nonzero coefficients for rank , the bitmap is absent from the CSI report. In all other cases the bitmap is reported.


2.3	 configuration, selection and reporting
In RAN1#106-e, it was agreed to support layer-common  and layer-common window mechanism at least for rank 1 and 2. It is natural to extend these assumptions also to rank 3 and 4 because they allow to reduce UE complexity by reducing the size of the SVD operation, as shown in Figure 1and without any performance loss.
The main advantage of a layer-common design for  is the lower complexity in the layer-extraction operation at the UE. As illustrated in the high-level block diagram of Figure 1. In Rel-17, because most of the FD compression is carried out at the gNB, it is possible to replace the  EVD operations, which calculate  eigenvectors each, of length , with a single SVD that yields  singular vectors. The length of these singular vectors depends on whether  can be assumed layer-common or layer-specific. In case of layer-common assumption, the singular vectors can be of length , whereas in the layer-specific case the SVD need to be of size .
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
The main reason for the network to configure a window of components for  is to provide robustness against imperfect UL-DL reciprocity of delays and any timing offset between delay estimation at gNB and UE. Because these impairments are common across receive antennas, it makes sense for the selection of  components at the UE to be layer common.
Simulation results confirm that there is negligible performance loss in restricting  to be layer common.
Proposal 2. 
Proposal 3. [bookmark: _Ref84010779]Extend support of layer-common  and layer-common window configuration also to rank 3 and 4.
In RAN1#106-e further progress was made on the relationship between the window size, , and the size of , . It was agreed that only two values  are supported and for , two values of  are configurable: , with  to be down-selected from the candidate set . It was also agreed that, at least for rank 1 and 2, both window and  are layer-common and  is reported only for the configuration: , .
Agreement
Following working assumption is confirmed (with revision in RED):
· At least for rank 1 and 2, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1.
· FFS other restrictions, e.g. value(s) of N, if the value of N3 is small
· FFS other restrictions, e.g. when the number of CSI-RS ports is small

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


[bookmark: _Ref82625717]Table 1. Bit-width for reporting  for , , for the two possible alternatives
	
	Bit-width of  indicator ()

	
	
	
	

	Alt 1.
Report  components out of  
	2
	3
	4

	Alt 2.
Report  components out of 
	1
	2
	2



Alt 2 provides 1 or 2 bits saving compared to Alt1 as shown in Table 1, depending on the supported value of . However, Alt 2 requires remapping the  selected FD components before reporting, such that one of the two components is mapped to component 0 and is not reported.
Observation 3. [bookmark: _Ref84010418]Regarding the reporting mechanism for  when , it is possible to save 1 bit, for  or , or 2 bits, for , by reporting only one nonzero FD basis, after remapping the two selected components of  such that one of the two components is mapped to component 0.
For the more efficient reporting mechanism, if the remapping operation is not specified and the  indicator is expected to correspond to one of the candidate pairs: , a UE may assume that component 0 is fixed by gNB configuration, i.e., it should always be measured and that only one nonzero component can be selected by the UE from within the configured window. This assumption impacts the way the gNB applies FD precoding to the CSI-RS ports, specifically the window positioning with respect to the delay uncertainty. Figure 2 illustrates this concept. If remapping of the two FD components is not specified, a UE may assume that component 0 of the window is fixed, hence the gNB applies FD precoding to the CSI-RS ports such that the initial point of the window corresponds to the peak of delay estimate , without taking account of the delay estimate uncertainty (top of Figure 2). Conversely, if remapping of the two FD components is specified, a UE is expected to freely select both components, hence the gNB aligns the peak of delay estimate with the middle point of the window to maximise robustness against both positive and negative delay offsets.
 
[image: ]
[bookmark: _Ref82709658]Figure 2. Illustration of the possible window placements, relative to the position of a delay  estimated by the gNB, for , if the more efficient reporting mechanism is adopted. Robustness against imperfect UL-DL reciprocity of delays and timing offset between gNB and UE is increased if remapping of  is specified (bottom), compared to the case in which no remapping is specified (top).

Note that for  there is no such issue in the window positioning because there is no reporting of  and the gNB can align the peak of delay estimate with either the first or the second sample of the window, as illustrate in Figure 3.

[image: ]
[bookmark: _Ref82791197]Figure 3. Illustration of the possible window placements, relative to the position of a delay  estimated by the gNB, for .

Observation 4. [bookmark: _Ref84010442]If the remapping operation is not specified for , and the  indicator is expected to correspond to one of the candidate pairs: , a UE may assume that component 0 is fixed by gNB configuration. Hence, the gNB would align the start of the window with the peak of a delay estimate resulting in a less robust FD precoding against imperfect delay reciprocity and timing offsets.
In Figure 4 and Figure 5 we show simulation results, for max rank 1 and 2, respectively, comparing different window sizes for , with . We also compare the case of a delay error, , falling outside the configured window, as illustrated in the top half of Figure 2 with the case without such an error, corresponding to the illustration in the bottom half of Figure 2. We conclude that the best performance is attained with the largest window size of  and that a small delay error outside the window, which occurs when remapping is not specified, causes significant performance degradation.
	[image: ]
[bookmark: _Ref83835714]Figure 4. Performance comparison for  with different window sizes and with and without a delay error outside the configured window, for max rank 1.
	[image: ]
[bookmark: _Ref83835716]Figure 5. Performance comparison for  with different window sizes and with and without a delay error outside the configured window, for max rank 2. 



In practice, there are two possible components that can be taken as reference for the remapping operation of , when : the ‘first’ selected component, i.e., the component with the lowest index value in the window: , or the component of the strongest coefficient for layer 1, as in Rel-16. The two alternatives are described as follows for a layer-common  and where the SCI for layer 1 is given by :
1. [bookmark: _Ref82796712]The FD components are remapped with respect to  as , for , and only the nonzero component is reported after remapping.
2. [bookmark: _Ref82796786]The FD components are remapped with respect to  as , for , and only the nonzero component is reported after remapping.
To show how both alternative mapping mechanisms work, let us consider an example with  and with layer-common . Let us assume that, for layer 1, the SCI coordinate is . This example is illustrated in Figure 6.
In alternative 1, the components of  are remapped with respect to  as . The UE only reports , after remapping. At the gNB, no de-mapping is required and the reported quantities for  are used in the precoder reconstruction.
In alternative 2, the components of  are remapped with respect to . Note that the indices  are assigned such that  increases with , hence , after remapping. The UE only reports the nonzero component . At the gNB, using  in the precoder reconstruction would not be correct because the reported nonzero component, i.e., the distance from the component 0, is , instead of . Hence, if , the gNB needs to demap the nonzero component such that . If , no demapping is needed because the reported nonzero component was not affected by the modulo- operation at the UE.
Note that, in general, for alternative 2, it is possible to demap the components of  at the gNB, for any value of , by applying a shift with respect to , as , for . However, this general formulation is not needed because it was agreed to support only , and for  the demapping operation at the gNB can be described in much simpler terms.
Table 2 summarises the remapping operations for the two alternatives described above. For Alt 2, a demapping of the nonzero component is needed if the strongest coefficient for layer 1 is found in the coordinate of higher index, i.e., if .
[bookmark: _Ref83052440]Table 2. Two alternatives for the remapping operation of , for , and reporting using  bits. In Alt 2, a demapping of the nonzero component is needed if .
	
	UE
	gNB

	Alt 1: remap w.r.t. the component of lower index
	, 
	-

	Alt 2: remap w.r.t. the component of the strongest coefficient for layer 1
	, 
	, if 



Observation 5. [bookmark: _Ref84010457]There are at least two possible alternatives for remapping  at the UE, when , and  is reported using  bits
Alt 1: 	remap w.r.t. the component of lower index. No demapping required at the gNB
Alt 2. 	remap w.r.t. the component of the strongest coefficient for layer 1. The reported nonzero component is demapped at the gNB as , if .
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. [bookmark: _Ref84010797]Regarding the reporting mechanism of  for , support specifying the remapping of the two components, with either of the following two alternatives and reporting the nonzero component after remapping, using  bits:
· Alt 1: remap with respect to the component of lower index, ,  as , for , or
· Alt 2: remap with respect to the component of the strongest coefficient for layer 1, , as , for . 
Regarding the configurable window size , for , it was agreed to support two values,  and one value from . A larger window size ensures better robustness against nonideal delay reciprocity and timing offsets. As shown in Table 1, only 2 bits are needed to report the nonzero component of , after remapping, for candidate values .
The minimum number of CQI subbands is 3, for a BWP of 24 PRBs and subband size 8. 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 is a corner case that is unlikely to occur in practice, a simple solution is for the UE to select the two FD bases from the unrestricted set  and report the nonzero component with 2 bits as for the case   
Proposal 5. [bookmark: _Ref84010839]Support the value  for the window size with 2-bit reporting of the nonzero component of , after remapping.
Proposal 6. [bookmark: _Ref84010862]For the configuration , if the number of PMI subbands is small such that , a UE is expected to select the two FD bases from the unrestricted set . The reporting mechanism is the same as for the case . 

[image: ]
[bookmark: _Ref83114208]Figure 6. Illustration of the two alternative remapping mechanisms of , with respect to first component (Alt 1) and to the component of the strongest coefficient for layer 1 (Alt 2). The example is with  and with layer-common .

In RAN1#106-e there was further discussion on the length of the all-one vector when  is turned off by the gNB. This was an FFS point identified back in RAN1#104-e. The following proposal was discussed: 
Proposal
For Rel-17 PS codebook
· Wf  OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3
· Support pmiReportingFormat = WB [if N3=1]
· FFS: the case when no SB size is configured (from RAN1#105-e agreement)
The first bullet point did not appear to be controversial as it is clear that the UE behaviour in calculating the PMI is the same in the two cases:  OFF and  ON with .
Regarding the second bullet point, it was argued that the need to configure the pmi-FormatIndicator (Note: we assume that by ‘pmiReportingFormat’ the proponents actually refer to the legacy RRC parameter pmi-FormatIndicator and not a new parameter) is justified by two spec related issues:
1. [bookmark: _Ref83804144]The reporting format is not correct for  because Sec. 5.2.1.4 of 38.214 currently classifies this CSI Reporting Setting as having subband frequency granularity instead of wideband frequency granularity.
2.  denotes the number of precoding matrices and, in general  for . Hence, it was claim there is a need to further specify that the  precoding matrices are the same when .
Regarding issue 1, the classification of CSI Reporting Settings in WB and SB frequency granularity in Sec. 5.2.1.4 of 38.214 is editorial in nature because it does not specify specific reporting formats. These reporting formats are specified elsewhere in the specs and they are different for different codebook types even if the frequency granularity is the same. For example, for Type I or Type II CBs with subband reporting, except with 2 antenna ports, a single wideband indication, , is reported for the entire CSI reporting band and one subband indication, , is reported for each subband in the CSI reporting band. Conversely, for eType II CBs with subband reporting, a single indicator  and a single indicator  is reported for the entire CSI reporting band.
Therefore, Rel-17 PS codebook can retain its own reporting format, similar to eType II, for both  and , without causing any inconsistency. In fact, the editor may consider adding another case to the list of Reporting Settings with WB frequency granularity, for example, as follows 
A CSI Reporting Setting is said to have a wideband frequency-granularity if
- reportQuantity is set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', cqi-FormatIndicator is set to 'widebandCQI'
and pmi-FormatIndicator is set to 'widebandPMI', or
- reportQuantity is set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', codebookType is set to 'typeII-r16',
'typeII-PortSelection-r16', or 'typeII-PortSelection-r17' and , or
- reportQuantity is set to 'cri-RI-i1' or
- reportQuantity is set to 'cri-RI-CQI' or 'cri-RI-i1-CQI' and cqi-FormatIndicator is set to 'widebandCQI', or
- reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP' or 'cri-SINR', or 'ssb-Index-SINR'
otherwise, the CSI Reporting Setting is said to have a subband frequency-granularity.
Observation 6. [bookmark: _Ref84010561]There is no reporting format issue related to the classification of Rel-17 PS as WB for  and SB for . The reporting format is not dependent on the WB vs SB classification and can be different for different codebook types with the same frequency granularity. For example, SB reporting format for Type I and Type II is different from that of eType II.
Regarding issue 2, this is also unrelated to the RRC parameter pmi-FormatIndicator and editorial in nature. It is clear that if  is an all-1 vector of length , the  precoding matrices are the same. The editor may want to add, for extra clarity, that the  precoding matrices are the same when , without the need to configure the parameter pmi-FormatIndicator.
Observation 7. [bookmark: _Ref84010588]Regarding the second issue raised, it is clear that if  is an all-1 vector of length , the  precoding matrices are the same. This can be clarified in the specs without need to configure the RRC parameter pmi-FormatIndicator.
Besides, configuring the RRC parameter pmi-FormatIndicator for Rel-17 PS is redundant because the reporting format is the same for  (WB frequency granularity) and  (SB frequency granularity) and requires further specification changes because for  pmi-FormatIndicator =’subband’, the current description in Sec. 5.2.1.4 of 38.214 is not applicable to Rel-17 PS as it requires reporting one subband indication, , for each subband in the CSI reporting band.
Observation 8. [bookmark: _Ref84010608]Configuring the RRC parameter pmi-FormatIndicator for Rel-17 PS is redundant because the reporting format is the same for  (WB frequency granularity) and  (SB frequency granularity) and requires further specification changes because for  pmi-FormatIndicator =’subbandPMI’, the current description in Sec. 5.2.1.4 of 38.214 is not applicable to Rel-17 PS as it requires reporting one subband indication, , for each subband in the CSI reporting band.
Proposal 3. [bookmark: _Ref79170418]
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. [bookmark: _Ref84010879]On the issue of  OFF and  ON with , support the following conclusion:
·  OFF and  ON with  are the same and  is the all-1 vector of length .
Note: the frequency granularity of Rel-17 PS is wideband if  and subband if . For , the  precoding matrices indicated by the PMI are the same.
In a related discussion, it was proposed to extend support for Rel-17 PS codebook to BWP sizes smaller than 24 PRBs in wideband reporting mode.
Currently, there is no subband definition for BWP<24 PRB and only Rel-15 Type I and Type II CBs are supported for these bandwidth parts with wideband frequency granularity (pmi-FormatIndicator is set to 'widebandPMI'). Possible use cases for BWP<24 PRB involve RedCap and NR railway where smaller carrier bandwidths (CBW) are being considered, such as 3 and 3.6 MHz. However, currently, the smallest CBW of 5MHz is only supported at 15KHz SCS, hence there is no supported 5MHz UE channel bandwidth <24 PRB. The only few cases with 11PRBs and 18PRBs are with 60kHz SCS for 10MHz and 15MHz UE channel bandwidth (see tables 5.3.5-1 and 5.3.2-1 in TS 38.101-1), but 60kHZ is not a commonly used SCS.
In RedCap WI, there is an ongoing discussion on supporting subband CSI reporting for BWP<24, for example by introducing a SB size (e.g. 2 or 4) for BWP size < 24 PRBs (see P9 in R1-2105316 [10]). If a subband definition is introduced for BWP<24 PRB, both Rel-16 and Rel-17 CBs could be configured for these small BWP without further chances in the specifications.
Supporting small BWP may also be discussed in Rel-18 WI RedCap evolution and RAN4-lead WI on lower than 5 MHz BWP in dedicated spectrum.
Proposal 1. [bookmark: _Ref79170432]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. [bookmark: _Ref84011001]Regarding a possible extension to support Rel-17 CB to BWP<24 PRB, consider this as lower priority. The outcome of the discussion in RedCap WI regarding the extension of the subband definition to BWP<24 PRB should also be considered. If the subband definition is extended to BWP<24 PRB, no further changes are needed to support Rel-17 CB for such small BWPs.
In RAN1#106-e, the supported values for the parameter  were further discussed, and the following was agreed
Agreement
For Rel-17 PS codebook, following values of R are supported:
· R = 1 and
· At most one value from {2, D* NPRBSB}
· FFS: which one is to be decided in RAN1#106bis if support, and applicable conditions, e.g. whether the support of this feature when Mv=1
· D is the density of CSI-RS in frequency domain and NPRBSB is the subband size in PRBs
· Note that this R is optional if supported
As shown in our previous contributions [8],[9] and confirmed in results presented below, we observe best performance when parameter  is configured at the maximum value, for , i.e., when only one RB per PMI subband carries CSI-RS. In simulations, we observe gains for  of 3% for rank 1 and 8% for max. rank 2 w.r.t. the nearest lower value of , for both  and .
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Figure 7. Performance for MR1 and  and different parameter combinations.
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Figure 8. Performance for MR1 and  and different parameter combinations. 
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Figure 9. Performance for MR2 and  and different parameter combinations.
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Figure 10. Performance for MR2 and  and different parameter combinations. 



Generally, we observe performance degradation for values of  smaller than the maximum, however there is at least a use case where values  smaller than the maximum may be beneficial, i.e., when the gNB has lower delay resolution due, for example to the SRS bandwidth being a fraction of that of CSI-RS. Hence, from our analysis and simulation results, we conclude that that the two values  should be supported.
Observation 9. [bookmark: _Ref68636996][bookmark: _Ref71684053][bookmark: _Ref79169781]The minimum configurable value of  depends on the CSI-RS density , according to the inequality: , where the right-hand side of the inequality corresponds to the number of PRBs carrying CSI-RS in a CQI subband. In simulations, we observe that throughput performance is best with equality, for , i.e., when only one RB per PMI subband carries CSI-RS.
Proposal 1. [bookmark: _Ref71684869]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
[bookmark: _Ref79170515]Complexity for supporting  should not be an issue as there is no impact for , and very modest increase for , due to the larger number of phase shifts associated with the second FD basis. However, because of the layer-common assumption for , there is no impact on the size of the SVD, , which does not depend on .
Besides  is optional and  is optional.
Observation 10. [bookmark: _Ref84010648]Supporting  does not require additional UE complexity for , and the increase is very modest for , due to the larger number of phase shifts associated with the second FD basis. However, because of the layer-common assumption for , there is no impact on the size of the SVD.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. [bookmark: _Ref84011038]Regarding the values of , support the two values .


2.4	Parameter combinations
In RAN1#106-e, further progress was made on the definition of a parameter combination, which consists of the triplet , with  and candidate value sets:
·  and 
· 
· 
Agreement
Support parameter combinations represented by (alpha, Mv, beta) with K1 = alpha*P for Rel-17 PS codebook
· The candidate values of alpha are {1/2, 3/4, 1}
· Note that exact parameter combination will be discussed from RAN1 106bis: 
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Mv={1, 2} and beta = {[1/4], 1/2, 3/4, 1} are from previous agreements
Let us consider a possible dependency of the parameters on the reported rank . In Rel-16 eType II PS, where the parameter combination is , the size of  is rank dependent because  is layer specific, hence the overhead of reporting the combinatorial indicator for  significantly increases with the rank. In Rel-17, however, parameter  can only take 2 small values, 1 or 2, and is reported only if the window size . Hence, there is no need for  to be rank dependent.
Proposal 10. [bookmark: _Ref84011053]For Rel-17 PS, parameter  does not need to be rank-dependent and can be replaced by .
In Rel-17 the main control parameter for the bitmap size and the value of  is , which determines the value of  as a fraction of the total number of ports . For small number of ports, e.g., ,  does not need to  be reported and only one value of  is needed, with , whereas for , two values of  are useful to control the feedback overhead. The restriction in supporting  only for  also avoids introducing the additional value of  for , which was not agreed in the agreement of the candidate values above. Besides, for small number of ports selecting half the ports results in significant performance degradation.
Proposal 1. [bookmark: _Ref79170186][bookmark: _Ref79170269]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. [bookmark: _Ref84011068]Regarding the port selection parameter , in a parameter combination support  for  and one value  for .
In Figure 11 and Figure 12, performance is evaluated for rank 1 (MR1) and DFT-based precoding of CSI-RS, whilst eigenbeam-based precoding is used in Figure 13. UEs are equipped with 4 Rx antennas and different number of ports are tested, . Figure 11 and Figure 12 show a comparison for  and , respectively. For  two values of  are observed to provide the best trade-off, whereas for , a lower value of  is preferable.
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[bookmark: _Ref83993589]Figure 11. Performance/overhead trade-off for rank 1,  and 4Rx antennas. CSI-RS precoding is DFT-based.
	[image: ]
[bookmark: _Ref83993613]Figure 12. Performance/overhead trade-off for rank 1,  and 4Rx antennas. CSI-RS precoding is DFT-based. 
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[bookmark: _Ref83993626]Figure 13. Performance/overhead trade-off for rank 1,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based. 



Figure 14, Figure 15 and Figure 16 show performance results for max rank 2 (MR2) for the two values of , different combinations of  and  and CSI-RS ports .
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[bookmark: _Ref84002112]Figure 14. Performance/overhead trade-off for max rank 2,  and 4Rx antennas. CSI-RS precoding is DFT-based.
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[bookmark: _Ref84002114]Figure 15. Performance/overhead trade-off for max rank 2,  and 4Rx antennas. CSI-RS precoding is DFT-based. 
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[bookmark: _Ref84002117]Figure 16. Performance/overhead trade-off for max rank 2,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based. 



Simulation results for max rank 3 are presented in Figure 17, Figure 18 and Figure 19

	[image: ]
[bookmark: _Ref84003464]Figure 17. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based.
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[bookmark: _Ref84003466]Figure 18. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based. 
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[bookmark: _Ref84003467]Figure 19. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based. 



Simulations results for max rank 4 are found in Figure 20, Figure 21 and Figure 22. We observe that the optimal values of  in terms of performance/overhead trade-off increase for higher rank because more coefficients are needed to represent more layers. For ,  are preferable for rank 3 and 4, whilst  are preferable for rank 1 and 2. For ,  are best for rank 3 and 4, whilst  is best for rank 1 and 2.
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[bookmark: _Ref84004292]Figure 20. Performance/overhead trade-off for max rank 4,  and 4Rx antennas. CSI-RS precoding is DFT-based.
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[bookmark: _Ref84004294]Figure 21. Performance/overhead trade-off for max rank 4,  and 4Rx antennas. CSI-RS precoding is DFT-based. 
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[bookmark: _Ref84004295]Figure 22. Performance/overhead trade-off for max rank 4,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based. 



Observation 11. [bookmark: _Ref84010672]When , the best performance/overhead trade-off is achieved for  for rank 1 and 2, and for  for rank 3 and 4. When , the best performance/overhead trade-off is achieved for , for rank 1 and 2, and for  for rank 3 and 4.
Proposal 12. [bookmark: _Ref84011086]For , support parameter combinations with . For , support parameter combinations with .
Proposal 13. [bookmark: _Ref84011176]For Rel-17 PS codebook, support the following parameter combinations
	paramCombination-r17
	
	
	

	
	
	
	
	

	1
	1 
	1 
	1 
	½

	2
	1 
	½
	1 
	¾

	3
	1 
	1
	1 
	1

	4
	1 
	1
	2 
	½

	5
	1 
	½
	2
	½

	6
	1
	½
	2 
	¾



We also tested the possibility of removing the limitation of  for the total number of reported nonzero coefficients, , for rank 3 and 4, by supporting lower values of . In case of , to reduce the overhead when no limit to  is imposed we also scaled the value of  by , by limiting the max number of nonzero coefficients to .
Simulation results are shown in Figure 23 to Figure 28. There are no observable benefits in removing this restriction on .
Observation 12. [bookmark: _Ref84010689]Regarding removing the limit of  to the maximum number of reported nonzero coefficients, , we do not observe any benefit in the throughput/overhead trade-off.
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[bookmark: _Ref84007304]Figure 23. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based.  is not limited to .
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Figure 24. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based.  is not limited to  and .
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Figure 25. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based.  is not limited to .
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Figure 26. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based.  is not limited to .
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Figure 27. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is DFT-based.  is not limited to  and .
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[bookmark: _Ref84007306]Figure 28. Performance/overhead trade-off for max rank 3,  and 4Rx antennas. CSI-RS precoding is eigenbeam-based.  is not limited to .





3	M-TRP CSI reporting enhancement

3.1	CSI reporting enhancement
In RAN1#106-e, a possible extension of RI restrictions for MTRP CSI reporting was discussed and the following list of alternatives was agreed for down-selection:
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses
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.
However, in a CSI Reporting Setting for MTRP in Rel-17, it is possible to introduce a CodebookConfig configuration with two or more RI restrictions associated to the two CMR resource groups, to single-TRP measurement hypotheses and to NCJT measurement hypotheses, or to individual measurement hypotheses.
We note that in RAN1#104bis-e, a joint RI field in Part 1 was agreed for an NCJT CSI, which indicates one of 4 possible rank combinations: {1,1}, {1,2}, {2,1}, {2,2}.
Agreement
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
Hence, if a four-bit field, , where  is the LSB and  is the MSB, is used to configure RI restrictions for NCJT measurements, there are two possible interpretations of the restriction:
1. When  is zero, , the rank combination  is not allowed to correspond to  layers. One problem with this interpretation is that bit  does not have a meaning for NCJT transmission, hence a three-bit field should be used instead 
2. When  is zero, , the rank combination  associated to the RI codepoint  is not allowed to be reported
Regarding the 6 alternatives listed in the agreement above, we observe the following:
· Alt 1 proposes 1 RI restriction field applying to all measurement hypotheses and both CMR groups. This solution does not allow the flexibility to configure CMR-group-specific and/or NCJT-specific rank restrictions. Note that for this solution, the least significant bit  is not applicable to NCJT hypotheses because it is associated with 1-layer transmission. Therefore, all four bits of the RI restriction field apply to single-TRP measurements, but only the three most significant apply to NCJT measurements. Consequently, at least one of the bits  should be nonzero.
· Alt 2 proposes 2 RI restriction fields, one for each of the two CMR groups
· Alt 4 proposes 2 RI restriction fields, one for each type of hypotheses (single-TRP or NCJT), where the NCJT RI restriction applies to each of the four possible rank pairs.
· Alt 5 proposes 3 RI restriction fields, one for each of the two CMR groups and one for the NCJT hypotheses, where the NCJT RI restriction applies to each of the four possible rank pairs. This solution is the combination of Alt 2 and 4 and provides maximum configuration flexibility.
· Alt 3 proposes multiple RI restrictions, one for each CMR in each measurement hypothesis. This solution seems to imply  different RI fields.
· Alt 6 proposes additional RRC signalling to indicate which configuration is used between Alt 4 and Alt 5.
 
Observation 13. [bookmark: _Ref84011500]If a four-bit field, , where  is the LSB and  is the MSB, is used to configure RI restrictions for NCJT measurements, there are two possible interpretations of the restriction:
1. When  is zero, , the rank combination  is not allowed to correspond to  layers. One problem with this interpretation is that bit  does not have a meaning for NCJT transmission, hence a three-bit field should be used instead
2. When  is zero, , the rank combination  associated to the RI codepoint  is not allowed to be reported
Proposal 1. [bookmark: _Ref71685857]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. 
Proposal 15. 
Observation 14. [bookmark: _Ref79170581][bookmark: _Ref84011556]Alt 5 proposes 3 RI restriction fields, one for each of the two CMR groups and one for the NCJT hypotheses, where the NCJT RI restriction applies to each of the four possible rank pairs. This solution is the combination of Alt 2 and 4 and provides maximum configuration flexibility.
Proposal 14. [bookmark: _Ref84011826]Regarding RI restriction for MTRP CSI Reporting Setting, support Alt 5, i.e., 3 RI restriction fields of 4 bits each, one for each of the two CMR groups and one for the NCJT hypotheses, where the NCJT RI restriction applies to each of the four possible rank combinations.


In RAN1#106-e it was agreed to consider whether to support MTRP CSI reporting with reportQuantity configured to ‘cri-RI-CQI’, as described in the following agreement 
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support
In this non-PMI report a UE calculates the CQI for a rank, by using the ports indicated for that rank for the selected CSI-RS resource and by assuming the precoder for the indicated ports is the identity matrix, appropriately scaled. There are two possible configurations for the ports associated with a candidate rank: a UE can be configured with the RRC parameter non-PMI-PortIndication comprising a list of  port indices for each possible rank , from 1 to , with  number of ports in the CMR resources. A UE can also be configured without this RRC parameter, in which case the ports indices 1 to  are assumed for each possible rank.
The use case for this report quantity is when the gNB can achieve enough spatial separation between the CSI-RS ports, for example by calculating the precoders from SRS measurement. Amongst the advantages of this report quantity are the lower feedback overhead and reduced UE’s complexity, as the PMI calculation is avoided at the UE side.
In Rel-16 a new UE capability, 22-11, was introduced related to non-PMI reporting, with field name cri-RI-CQI-WithoutNon-PMI-PortInd-r16 in 38.311, which indicates whether UE supports CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI' and the higher layer parameter non-PMI-PortIndication is not configured. This new capability was added to the existing Rel-15 capability 2-38, with field name csi-ReportWithoutPMI, which indicates whether a UE supports 'cri-RI-CQI' reporting. Therefore, in Rel-16 it is possible for a UE to distinguish between the following three cases:
· A UE does not support non-PMI CSI by not reporting 2-38 and not reporting 22-11
· A UE supports non-PMI CSI, but does not support the RRC parameter non-PMI-PortIndication, by not reporting 2-38 and reporting 22-11
· A UE supports non-PMI CSI and supports the RRC parameter non-PMI-PortIndication, by reporting 2-38. In this case reporting or not reporting 22-11 is irrelevant.

Phy-ParametersFRX-Diff ::=                  SEQUENCE {
	...
    csi-ReportWithoutPMI                        ENUMERATED {supported}                     OPTIONAL,
    -- R1 22-11: Support of ‘cri-RI-CQI’ report without non-PMI-PortIndication
    cri-RI-CQI-WithoutNon-PMI-PortInd-r16       ENUMERATED {supported}                      OPTIONAL
	...
}

	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	csi-ReportWithoutPMI
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Optional with capability signalling



	22. NR Others
	22-11
	Support of ‘cri-RI-CQI’ report without non-PMI-PortIndication
	UE supports CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-CQI’ and the higher layer parameter non-PMI-PortIndication is not configured
	2-35
	Yes
	N/A
	
	Per UE
	N/A
	Yes
	N/A
	
	Optional with capability signalling



This new capability was introduced to address the problem that a UE requires a large amount of memory to store the RRC configuration in case of ‘cri-RI-CQI’ with port indication by the RRC parameter.
The use case for non-PMI reporting seems valid also for MTRP CSI and the benefits of reduced overhead and UE complexity are also relevant. Besides, supporting ‘cri-RI-CQI’ for MTRP CSI reporting does not seem to have any specification impact. Additional possible optimisations, such as providing different port indication lists for single-TRP and NCJT hypotheses do not seem worth pursuing for the potentially large memory required to store the RRC configuration.
Observation 15. [bookmark: _Ref84011581]The use case for ‘cri-RI-CQI’ reporting quantity is when the gNB can achieve enough spatial separation between the CSI-RS ports, for example by calculating the precoders from SRS measurement. Amongst the advantages of this report quantity are the lower feedback overhead and reduced UE’s complexity, as the PMI calculation is avoided at the UE side.
Observation 16. [bookmark: _Ref84011595]In Rel-16 there are two UE capabilities related to ‘cri-RI-CQI’ reporting, which can be reused also for MTRP CSI reporting in Rel-17.
Observation 17. [bookmark: _Ref84011609]Additional possible optimisations of ‘cri-RI-CQI’ reporting, such as providing different port indication lists for single-TRP and NCJT hypotheses do not seem worth pursuing for the potentially large memory required to store the RRC configuration.
Proposal 15. [bookmark: _Ref84011850]Support ‘cri-RI-CQI’ reporting for MTRP CSI reporting without additional specification impact. Rel-16 related UE capabilities, 22-11 (cri-RI-CQI-WithoutNon-PMI-PortInd-r16) and 2-38 (csi-ReportWithoutPMI) can be reused to indicate support of non-PMI reporting with or without port indication also for MTRP CSI reporting.


3.2	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:
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 the current specifications [TS 38.214, 5.2.5], the priority function  is defined for each CSI report and it depends on the reportConfigID, the serving cell index, whether the reports include L1-RSRP or L1-SINR, as reporting quantities, or not, the time-domain reporting behaviour and the uplink channel used for reporting. The priority function does not consider the case of multiple CSIs within a single report, which only occurs for MTRP CSI reporting configured with Mode 1 and  or 2. 
The CSI priority function impacts both UCI mapping and related omission rules in case of insufficient PUCCH/PUSCH resources, and the “soft” update formula that controls which CSI reports are not updated in case of CPU overbooking.
Changing the priority function definition to include multiple CSIs within a CSI report complicates the spec description for all other legacy and MTRP CSI reports comprising a single CSI because all references to the priority associated to a CSI report would need to be changed to the priority associated to a CSI within the report. It seems preferable, where needed, to add any extra rules separately specifically for MTRP CSI reporting with Mode 1 reporting and .
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. 
Observation 18. [bookmark: _Ref84011623]Changing the association of the priority function  from a CSI report to a CSI within a report complicates the spec description related to UCI mapping, omission and CPU calculation rules for all other legacy and MTRP CSI reports with a single CSI. It seems preferable, where needed, to add any extra rules separately for MTRP CSI reporting with Mode 1 reporting and .
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 reporting priority levels are assigned to the PMI components mapped in part 2. This mapping order of PMIs in part 2 apply to ‘periodic’ and ‘semi persistent’ Type I reporting on PUCCH, as well as ‘aperiodic’ Type I reporting on PUSCH.
Conversely, for codebook based MTRP CSI reporting, Mode 1 with , or Mode 2, the CSI report contains a single CSI and part 2 carries either 1 or 2 PMIs associated to a single-TRP or NCJT transmission hypothesis, respectively.
Note that, because a MTRP CSI report is limited to a single codeword, Part 2 only contains PMIs: 2 PMIs for NCJT CSI and 1 PMI for single-TRP CSI.
One simple way of determining the UCI mapping order for reports with multiple CSIs is to apply the priorities of Table 5.2.3-1 of 38.214 to all the PMIs in an MTRP report. When omitting Part 2 CSI information for a particular priority level assigned to a MTRP CSI report, the UE shall omit all the information at that priority level for all the PMIs in the report. Figure 29 and Figure 30 illustrate an example of UCI mapping for an MTRP CSI report with Mode 1 and , for Part 1 and Part 2, respectively. 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 used in Part 1. The specific order does not impact the omission rules because all the CSIs are omitted if a priority level is omitted.

[image: ]
[bookmark: _Ref83377406]Figure 29. Example of UCI mapping for Part 1 including an MTRP CSI report with Mode 1 and . CSI report  contains 3 CSIs: one NCJT CSI and 2 single-TRP CSIs.

[image: ]
[bookmark: _Ref83377412]Figure 30. 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: _Ref79170651]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. 
Proposal 15. 
Proposal 16. [bookmark: _Ref84011876]Regarding the UCI mapping of the CSIs in a M-TRP CSI report , support Alt 2 by assigning reporting priority level 0 to all WB PMIs, reporting priority  to all even SB PMIs and reporting priority level  to all odd SB PMIs. The mapping order of the PMIs in Part 2 priorities 0,  and  is the same used in Part 1.

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 30 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.
Proposal 17. [bookmark: _Ref84011893]Regarding Issue 2, i.e., whether a prioritisation between the CSIs in an MTRP CSI report is needed to enhance omission rules, no prioritisation between CSIs is needed if the 3 reporting priority levels for an MTRP CSI report are assigned to all the PMIs in the report, as per our previous proposal.
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 18. [bookmark: _Ref84011907]Regarding Issue 3, i.e., whether any enhancement to the CPU occupation rules is needed, support improved handling of CPU calculations for MTRP CSI reports with multiple CSIs without impacting the rules for legacy CSI reports. This can be done by:
· introducing  separate CPU occupations, , with , alongside the legacy  such that  for an MTRP CSI report  configured with Mode 1 and  or ; 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, i.e., CSI report , is an MTRP CSI report configured with Mode 1 and  or .
Proposal 19. [bookmark: _Ref84011948]Regarding Issue 3, support the following 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 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.

3.3	Other issues: time restriction, power control and CSI calculation latency
In RAN1#106-e, three additional aspects related to MTRP CSI reporting were proposed for studying. The first aspect described in the following agreement is related to whether to introduce slot and cDRX active time restriction for CMR/IMR configuration, when two CMR pairs are configured for NCJT measurement.
Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time
The first restriction was motivated by the need to ensure that measurement occasions of two CMRs used for NCJT transmission hypothesis are not separated in time too much to avoid random phase offsets are introduced between the two measurements, for example in the case an UL transmission is scheduled in between the two CMR measurements.
The second restriction addresses the issue in current specifications that CMR and IMR for the same measurement can come in different slots or in different connected mode DRX (cDRX) active time. This potentially reduces the measurement accuracy for example due to the UE phase coherency/calibration and increases the UE memory and power consumption.
In both cases the network can configure CMR/IMR within the same slot and cDRX active time and indeed this is already what the network typically does for single-TRP CSI configurations to ensure better accuracy of the CMR/IMR measurements.
Observation 19. [bookmark: _Ref84011640]Configuring CMR/IMR in the same slot and cDRX active time is beneficial to improve measurement accuracy and it is already possible by network scheduler implementation.
Another issue relates to whether the definition of powerControlOffset, , which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI, should be modified for MTRP CSI reporting. The following alternatives were identified:
Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.
This study is motivated by the current definition of the  ratio in which all PDSCH ports, i.e., layers, are included in the PDSCH EPRE calculation
In the current specifications, the  ratio is the ratio between the PDSCH EPRE of all PDSCH ports and the CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier. Then, the total transmit power of the PDSCH hypothesis on one subcarrier is given by , where  is the EPRE per port of NZP CSI-RS, and the PDSCH hypothesis used for CQI calculation is based on the following equation showing the mapping of the  PDSCH layers to the  antenna ports
	.
	(1)


Note that both the CDM factor  and the  ratio are configured separately for each CMR in a resource set. This definition is still valid for MTRP CSI calculation, in case of single-TRP hypothesis. However, in case of NCJT transmission hypothesis, measured on a CMR pair, (CMR , CMR ), configured with ,  and , , the total transmit power of the PDSCH hypothesis on one subcarrier, with  layers transmitted by the TRP in CMR Group 1 and Group 2, respectively, and , should be given by
	 .
	(2)


In the equation above a UE assumes that the PDSCH EPRE of all layers originated from the TRP in Group 1 is  and the PDSCH EPRE of all layers originated from the TRP in Group 2 is .
Observation 20. [bookmark: _Ref84011654]It is possible for a UE to use the  ratio associated with a CMR resource for CQI calculation of an NCJT PDSCH hypothesis by assuming that powerControlOffset is the ratio of PDSCH EPRE to NZP CSI-RS EPRE, where the PDSCH EPRE is that of all the PDSCH ports transmitted from a TRP in the CMR Group associated with the CMR resource. 
In general, the network may want to configure different total PDSCH transmit power from a TRP for an NCJT transmission compared to a single-TRP transmission. Therefore, it can be beneficial to introduce a separate  ratio for NCJT hypotheses, powerControlOffsetNCJT, defined as the ratio between the PDSCH EPRE of the PDSCH ports transmitted from one of the two TRPs and the CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier.  The CMR Group associated with the CMR resource configured with the NCJT  ratio identifies which of the two TRPs in the NCJT hypothesis transmits the PDSCH ports. This NCJT  ratio may be configured for a CMR configured for NCJT measurement hypotheses. Note that, because powerControlOffsetNCJT is only used to derived CSI feedback and not for PDSCH decoding, there is no need in the definition of the PDSCH EPRE to refer to the same TCI state of a PDSCH ports as that of the CMR.

Observation 21. [bookmark: _Ref84011742]It may be beneficial for the network to configure different total PDSCH transmit power from a TRP for an NCJT transmission compared to a single-TRP transmission. Hence, a separate  ratio for NCJT hypotheses, powerControlOffsetNCJT, can be introduced, defined as the ratio between the PDSCH EPRE of the PDSCH ports transmitted from one of the two TRPs and the NZP CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier.
Proposal 20. [bookmark: _Ref84011997]In Alt 1, modify the definition of P_PDSCH as the energy of PDSCH ports of the one TRP identified by the CMR Group associated with the NZP CSI-RS resource.
Proposal 21. [bookmark: _Ref84012010]Regarding the  ratio definition, support Alt 1 with modification of P_PDSCH, i.e., the introduction of a powerControlOffsetNCJT for NCJT transmission hypotheses, defined as the ratio between the PDSCH EPRE of the PDSCH ports transmitted from one of the two TRPs and the CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier.  The CMR Group associated with a CMR resource identifies which of the two TRPs in the NCJT hypothesis transmits the PDSCH ports.
Proposal 22. [bookmark: _Ref84012024]For an NCJT CSI calculation, if the new powerControlOffsetNCJT is absent in a CMR configuration, a UE shall assume that the powerControlOffset is the ratio of PDSCH EPRE to NZP CSI-RS EPRE, where the PDSCH EPRE is that of all the PDSCH ports transmitted from a TRP in the CMR Group associated to the CMR resource.

Another aspect identified for study is a possible relaxation of CSI calculation latency, as described in the following agreement.
Agreement
For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, study following alternatives:
· Alt1: introducing new/relaxed values on Z and Z’, FFS exact values or other conditions
· Alt2: No changes of values on Z and Z’
It was proposed to relax the delay requirement for NCJT CSI calculation to allow PMI calculation to be performed sequentially considering the higher computational complexity required. However, the number of CPUs required to calculate an MTRP CSI report should already take account of the extra complexity, hence we do not see a need to relax the latency requirements.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. 
Proposal 15. 
Proposal 16. 
Proposal 17. 
Proposal 18. 
Proposal 19. 
Proposal 20. 
Proposal 21. 
Proposal 22. 
Proposal 23. [bookmark: _Ref84012038]Regarding the latency requirement for NCJT CSI calculation, support Alt 2, i.e., no need to relax the values of  because the number of CPUs, , should already take account of the extra complexity required by an NCJT CSI calculation.

3.4	RRC parameters and UE features
In an email discussion following RAN1#106-e, the following initial list of RRC parameters was drafted.
[image: ]
It was suggested that the parent IE for “N CMR pairs” and “SharingCMR” can be CSI-ReportConfig or NZP-CSI-RS-ResourceSet. However, a solution where all 3 CMR-related parameters (“Two CMR groups”, “N CMR pairs” and “SharingCMR”) are in the same IE seems preferable for the association of the M+N CSI-IM resources in CSI-IM-ResourceSet to measurement hypotheses.
Proposal 24. [bookmark: _Ref84012051]Regarding the parent IE for the three CMR-related RRC parameters: “Two CMR groups”, “N CMR pairs” and “SharingCMR”, support the same parent IE for all three parameters, either NZP-CSI-RS-ResourceSet or CSI-ReportConfig.



4	Conclusion
Hereafter is a summary of observations and proposals for FDD CSI enhancement
Observation 1	It was previously agreed that Rel-17 PS codebook supports polarisation- and layer-common free port selection for rank 1 and 2.
Observation 2	With Alt 1 and 4, a UE cannot determine the actual number of nonzero coefficients, as all the coefficients are reported. In this case the indicator  in Part 1 CSI becomes redundant and coefficients that may be virtually zero are reported with a nonzero quantisation level.
Observation 3	Regarding the reporting mechanism for  when , it is possible to save 1 bit, for  or , or 2 bits, for , by reporting only one nonzero FD basis, after remapping the two selected components of  such that one of the two components is mapped to component 0.
Observation 4	If the remapping operation is not specified for , and the  indicator is expected to correspond to one of the candidate pairs: , a UE may assume that component 0 is fixed by gNB configuration. Hence, the gNB would align the start of the window with the peak of a delay estimate resulting in a less robust FD precoding against imperfect delay reciprocity and timing offsets.
Observation 5	There are at least two possible alternatives for remapping  at the UE, when , and  is reported using  bits
Alt 1: 	remap w.r.t. the component of lower index. No demapping required at the gNB
Alt 2. 	remap w.r.t. the component of the strongest coefficient for layer 1. The reported nonzero component is demapped at the gNB as , if .
Observation 6	There is no reporting format issue related to the classification of Rel-17 PS as WB for  and SB for . The reporting format is not dependent on the WB vs SB classification and can be different for different codebook types with the same frequency granularity. For example, SB reporting format for Type I and Type II is different from that of eType II.
Observation 7	Regarding the second issue raised, it is clear that if  is an all-1 vector of length , the  precoding matrices are the same. This can be clarified in the specs without need to configure the RRC parameter pmi-FormatIndicator.
Observation 8	Configuring the RRC parameter pmi-FormatIndicator for Rel-17 PS is redundant because the reporting format is the same for  (WB frequency granularity) and  (SB frequency granularity) and requires further specification changes because for  pmi-FormatIndicator =’subbandPMI’, the current description in Sec. 5.2.1.4 of 38.214 is not applicable to Rel-17 PS as it requires reporting one subband indication, , for each subband in the CSI reporting band.
Observation 9	The minimum configurable value of  depends on the CSI-RS density , according to the inequality: , where the right-hand side of the inequality corresponds to the number of PRBs carrying CSI-RS in a CQI subband. In simulations, we observe that throughput performance is best with equality, for , i.e., when only one RB per PMI subband carries CSI-RS.
Observation 10	Supporting  does not require additional UE complexity for , and the increase is very modest for , due to the larger number of phase shifts associated with the second FD basis. However, because of the layer-common assumption for , there is no impact on the size of the SVD.
Observation 11	When , the best performance/overhead trade-off is achieved for  for rank 1 and 2, and for  for rank 3 and 4. When , the best performance/overhead trade-off is achieved for , for rank 1 and 2, and for  for rank 3 and 4.
Observation 12	Regarding removing the limit of  to the maximum number of reported nonzero coefficients, , we do not observe any benefit in the throughput/overhead trade-off.


Proposal 1	Extend support for polarisation- and layer-common free port selection also for rank 3 and 4.
Proposal 2	Regarding the absence of the bitmap, support Alt 2, i.e.,  if  and a UE reports  nonzero coefficients for rank , the bitmap is absent from the CSI report. In all other cases the bitmap is reported.
Proposal 3	Extend support of layer-common  and layer-common window configuration also to rank 3 and 4.
Proposal 4	Regarding the reporting mechanism of  for , support specifying the remapping of the two components, with either of the following two alternatives and reporting the nonzero component after remapping, using  bits:
· Alt 1: remap with respect to the component of lower index, ,  as , for , or
· Alt 2: remap with respect to the component of the strongest coefficient for layer 1, , as , for . 
Proposal 5	Support the value  for the window size with 2-bit reporting of the nonzero component of , after remapping.
Proposal 6	For the configuration , if the number of PMI subbands is small such that , a UE is expected to select the two FD bases from the unrestricted set . The reporting mechanism is the same as for the case .
Proposal 7	On the issue of  OFF and  ON with , support the following conclusion
·  OFF and  ON with  are the same and  is the all-1 vector of length .
Note: the frequency granularity of Rel-17 PS is wideband if  and subband if . For , the  precoding matrices indicated by the PMI are the same.
Proposal 8	Regarding a possible extension to support Rel-17 CB to BWP<24 PRB, consider this as lower priority. The outcome of the discussion in RedCap WI regarding the extension of the subband definition to BWP<24 PRB should also be considered. If the subband definition is extended to BWP<24 PRB, no further changes are needed to support Rel-17 CB for such small BWPs.
Proposal 9	Regarding the values of , support the two values .
Proposal 10	For Rel-17 PS, parameter  does not need to be rank-dependent and can be replaced by .
Proposal 11	Regarding the port selection parameter , in a parameter combination support  for  and one value  for .
Proposal 12	For , support parameter combinations with . For , support parameter combinations with .
Proposal 13	For Rel-17 PS codebook, support the following parameter combinations
	paramCombination-r17
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	1 
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	2
	1 
	½
	1 
	¾

	3
	1 
	1
	1 
	1

	4
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	1
	2 
	½

	5
	1 
	½
	2
	½

	6
	1
	½
	2 
	¾





Hereafter is a summary of observations and proposals for M-TRP CSI enhancement.
Observation 13	If a four-bit field, , where  is the LSB and  is the MSB, is used to configure RI restrictions for NCJT measurements, there are two possible interpretations of the restriction:
1. When  is zero, , the rank combination  is not allowed to correspond to  layers. One problem with this interpretation is that bit  does not have a meaning for NCJT transmission, hence a three-bit field should be used instead
2. When  is zero, , the rank combination  associated to the RI codepoint  is not allowed to be reported
Observation 14	Alt 5 proposes 3 RI restriction fields, one for each of the two CMR groups and one for the NCJT hypotheses, where the NCJT RI restriction applies to each of the four possible rank pairs. This solution is the combination of Alt 2 and 4 and provides maximum configuration flexibility.
Observation 15	The use case for ‘cri-RI-CQI’ reporting quantity is when the gNB can achieve enough spatial separation between the CSI-RS ports, for example by calculating the precoders from SRS measurement. Amongst the advantages of this report quantity are the lower feedback overhead and reduced UE’s complexity, as the PMI calculation is avoided at the UE side.
Observation 16	In Rel-16 there are two UE capabilities related to ‘cri-RI-CQI’ reporting, which can be reused also for MTRP CSI reporting in Rel-17.
Observation 17	Additional possible optimisations of ‘cri-RI-CQI’ reporting, such as providing different port indication lists for single-TRP and NCJT hypotheses do not seem worth pursuing for the potentially large memory required to store the RRC configuration.
Observation 18	Changing the association of the priority function  from a CSI report to a CSI within a report complicates the spec description related to UCI mapping, omission and CPU calculation rules for all other legacy and MTRP CSI reports with a single CSI. It seems preferable, where needed, to add any extra rules separately for MTRP CSI reporting with Mode 1 reporting and .
Observation 19	Configuring CMR/IMR in the same slot and cDRX active time is beneficial to improve measurement accuracy and it is already possible by network scheduler implementation.
Observation 20	It is possible for a UE to use the  ratio associated with a CMR resource for CQI calculation of an NCJT PDSCH hypothesis by assuming that powerControlOffset is the ratio of PDSCH EPRE to NZP CSI-RS EPRE, where the PDSCH EPRE is that of all the PDSCH ports transmitted from a TRP in the CMR Group associated with the CMR resource.
Observation 21	It may be beneficial for the network to configure different total PDSCH transmit power from a TRP for an NCJT transmission compared to a single-TRP transmission. Hence, a separate  ratio for NCJT hypotheses, powerControlOffsetNCJT, can be introduced, defined as the ratio between the PDSCH EPRE of the PDSCH ports transmitted from one of the two TRPs and the NZP CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier.


Proposal 14	Regarding RI restriction for MTRP CSI Reporting Setting, support Alt 5, i.e., 3 RI restriction fields of 4 bits each, one for each of the two CMR groups and one for the NCJT hypotheses, where the NCJT RI restriction applies to each of the four possible rank combinations.
Proposal 15	Support ‘cri-RI-CQI’ reporting for MTRP CSI reporting without additional specification impact. Rel-16 related UE capabilities, 22-11 (cri-RI-CQI-WithoutNon-PMI-PortInd-r16) and 2-38 (csi-ReportWithoutPMI) can be reused to indicate support of non-PMI reporting with or without port indication also for MTRP CSI reporting.
Proposal 16	Regarding the UCI mapping of the CSIs in a M-TRP CSI report , support Alt 2 by assigning reporting priority level 0 to all WB PMIs, reporting priority  to all even SB PMIs and reporting priority level  to all odd SB PMIs. The mapping order of the PMIs in Part 2 priorities 0,  and  is the same used in Part 1.
Proposal 17	Regarding Issue 2, i.e., whether a prioritisation between the CSIs in an MTRP CSI report is needed to enhance omission rules, no prioritisation between CSIs is needed if the 3 reporting priority levels for an MTRP CSI report are assigned to all the PMIs in the report, as per our previous proposal.
Proposal 18	Regarding Issue 3, i.e., whether any enhancement to the CPU occupation rules is needed, support improved handling of CPU calculations for MTRP CSI reports with multiple CSIs without impacting the rules for legacy CSI reports. This can be done by:
· introducing  separate CPU occupations, , with , alongside the legacy  such that  for an MTRP CSI report  configured with Mode 1 and  or ; 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, i.e., CSI report , is an MTRP CSI report configured with Mode 1 and  or .
Proposal 19	Regarding Issue 3, support the following 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 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 20	In Alt 1, modify the definition of P_PDSCH as the energy of PDSCH ports of the one TRP identified by the CMR Group associated with the NZP CSI-RS resource.
Proposal 21	Regarding the  ratio definition, support Alt 1 with modification of P_PDSCH, i.e., the introduction of a powerControlOffsetNCJT for NCJT transmission hypotheses, defined as the ratio between the PDSCH EPRE of the PDSCH ports transmitted from one of the two TRPs and the CSI-RS EPRE of all CSI-RS ports multiplexed on one subcarrier.  The CMR Group associated with a CMR resource identifies which of the two TRPs in the NCJT hypothesis transmits the PDSCH ports.
Proposal 22	For an NCJT CSI calculation, if the new powerControlOffsetNCJT is absent in a CMR configuration, a UE shall assume that the powerControlOffset is the ratio of PDSCH EPRE to NZP CSI-RS EPRE, where the PDSCH EPRE is that of all the PDSCH ports transmitted from a TRP in the CMR Group associated to the CMR resource.
Proposal 23	Regarding the latency requirement for NCJT CSI calculation, support Alt 2, i.e., no need to relax the values of  because the number of CPUs, , should already take account of the extra complexity required by an NCJT CSI calculation.
Proposal 24	Regarding the parent IE for the three CMR-related RRC parameters: “Two CMR groups”, “N CMR pairs” and “SharingCMR”, support the same parent IE for all three parameters, either NZP-CSI-RS-ResourceSet or CSI-ReportConfig.
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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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RAN2 ASN.1 

name

Parameter name in the spec

New or 

existing?

Parameter 

name in the text

Description Value range

Default value 

aspect

Per (UE, cell, 

TRP, …)

UE-specific or 

Cell-specific

Specification

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

Per DL BWP 

(UE-specific)

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

Per DL BWP 

(UE-specific)

sharedCMR New

Enable single-TRP measurement hypothesis using CMRs configured within CMR pairs 

for NCJT measurement hypothesis. Otherwise such sharing of CMRs is disabled. 

{enabled}

Per DL BWP 

(UE-specific)

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}

Per DL BWP 

(UE-specific)

numberOfSingleTRP-CSI-

Mode1

New

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

if Mode 1 is configured

{0,1,2}

Per DL BWP 

(UE-specific)


