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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#104bis-e [2].

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

[bookmark: _Ref54348033]2.1	Support for rank>1
The discussion so far on the codebook design has considered mostly rank 1 reporting. Supporting at least rank 1 and 2 should also be prioritised and rank extension to ranks 3 and 4 should be considered in line with Rel-16 PS. The same overhead constraint applied in Rel-16 for rank extension should also apply in Rel-17, i.e., the feedback overhead of reporting rank 3 and 4 should be comparable to that of rank 2.
Proposal 1. [bookmark: _Ref71684109]Support rank 1,2 and further evaluate support for rank 3 and 4 under the assumption that CSI overhead for rank>2 should be comparable to that of rank 2.

2.2	 configuration, selection and reporting
In RAN1#104bis-e some progress was made on the configuration of  by agreeing that the gNB restricts the components of  to be selected within a window/set of size :
Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.
The main reason for the network to configure a window/set 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. For these use cases, configuring non-consecutive components does not provide any advantage. In fact, if the components in the set are selected freely by the gNB, based on delay estimation from SRS, the configuration set would need to be updated dynamically, which requires significant extra signalling.
Proposal 2. [bookmark: _Ref71684125]Regarding the gNB configuration of a single measurement window for , support Alt 1, i.e., a window formed by  consecutive DFT components.
Regarding the relationship between the window size  and the number of components of , , the following alternatives were identified in RAN1#104bis-e:
Agreement 
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1 105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FSS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.
For a window of consecutive components, and , Alt 2 provides a wider selection of candidate components for the UE to select, hence increased robustness against non-ideal delay reciprocity and timing offsets. Besides, because these impairments are common across receive antennas, the selection of  components at the UE can be layer common, hence the additional signalling overhead due to a slightly larger window size is very modest.
Proposal 3. [bookmark: _Ref71684825]Regarding the relationship between parameters  and , support Alt 2, i.e., .
Regarding the supported values of , there are two main use cases for the gNB to configure :
1. In nonideal UL-DL reciprocity for channel delays, the FD precoding applied by the gNB to the CSI-RS ports may not be accurate enough to ensure that all ports are perfectly aligned such that a UE can measure the same single delay for all ports. In fact, in one example, a delay offset may exist between ports such that the best measurement is found by a UE in two different delays for different ports. In another example, a cluster of two strong delays may be measured and reported for the same port. If this delay offset between ports and/or cluster of strong delays are found within the measurement window of size , a UE can select the strongest  components and decide to report one or more nonzero coefficients per port.
2. When the available SRS bandwidth is a fraction of that of CSI-RS or for gNB implementation choice, the delay resolution at the gNB becomes a fraction of that available at the UE, even in the presence of perfect reciprocity of delays. In these cases, if a UE is capable of supporting , the gNB can increase the combined delay resolution, by configuring  with .
Observation 1. [bookmark: _Ref71684001]Supporting , subject to UE capability, is important for robustness against nonideal UL-DL reciprocity of delays and for gNB implementations with lower delay resolution, due for example to limited SRS bandwidth.
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Proposal 4. [bookmark: _Ref71684839]Support . Consider possible restrictions in relation to other parameters, such as ,  and , in the discussion on supported parameter combinations and UE capabilities.
Regarding the reporting of  we propose the following simple solution which provides the smallest overhead
Proposal 5. [bookmark: _Ref71684852]Support reporting of  nonzero components of  using a combinatorial indicator of  bits for . For  and/or ,  is not reported.
Regarding the supported values for the parameter , the following was agreed in RAN1#104bis-e
Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

As shown in our previous contribution [7] 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. 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.
Observation 1. [bookmark: _Ref68636996]
Observation 2. [bookmark: _Ref71684053]The minimum configurable value of  depends on the CSI-RS density , according to the inequality: , which states that the number of RBs carrying CSI-RS in a PMI subband, , must be larger than 1. In simulations, we observe that throughput performance is best with equality, for , i.e., when only one RB per PMI subband carries CSI-RS. Values of  may be beneficial for some special use cases, such as when the gNB has lower delay resolution due, for example to the SRS bandwidth being a fraction of the CSI-RS bandwidth.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. [bookmark: _Ref71684869]Regarding the values of , support Alt4. In particular, support the configuration with . Consider limiting configurations for  for .
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2.3	 quantisation and reporting
In RAN1#104bis-e, the following agreements were reached on the quantisation and reporting of 
Agreement 
For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.

Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters

We observe that the quantisation and reporting of  agreed for Rel-16 CBs was the result of long discussion and optimisation. In all simulation results obtained so far, we used the baseline Rel-16 quantisation and reporting scheme for  and it showed consistent good performance across a wide range of parameter combinations. Besides, to simplify implementation of Rel-17 CB, we should try and reuse as much as possible processing blocks from Rel-16, unless a clear need emerges to investigate new solutions. For these reasons, we do not see the need to consider new quantisation schemes for Rel-17, different from the baseline.
Proposal 7. [bookmark: _Ref71684881]Regarding the quantisation of , support the baseline Alt 1, i.e., reuse Rel-16 quantisation scheme at least up to rank 2.
Proposal 8. [bookmark: _Ref71684899]Regarding the maximum number of NZC per layer, , reuse the definition from Rel-16, such that .
Regarding the strongest coefficient indicator (SCI), in Rel-16 the SCI only depends on the beam index, , of the strongest coefficient, because the columns of  are circularly shifted by , modulo , and a matching shift of , modulo , is applied to the columns of . In Rel-17, because of the window/set of size  configured by the gNB, we need a modification in the reporting of the SCI.
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. [bookmark: _Ref71684916]Regarding the bitmap and SCI reporting, support:
· Reporting of the position, [, ], of the strongest coefficient of layer , for , using  bits.
· Reporting of the bitmap after remapping the index of the strongest coefficient to .

Regarding the candidate values of , for , we observe best performance with larger values of , where we reused the values adopted in Rel-16, with the addition of 1. However, we observe that best performance for  is obtained by lower values of , scaled by a factor of 2, i.e., for  
Proposal 10. [bookmark: _Ref71685117]Regarding the candidate values for , consider   for  and  for . Consider further down-selection in the discussion for supported parameter combinations: . For , the bitmap does not need reporting.
Proposal 11. [bookmark: _Ref71685170]Support polarisation-specific bitmap.
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[bookmark: _Ref71677451]Figure 10 



2.4	: remaining issues
In RAN1#104bis-e, the following was agreed regarding aspects of the configuration of 
Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)

Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported

Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off

Regarding the choice between polarisation-common or specific , for rank>1, our simulation results shown in Figure 7-Figure 10 justify the following
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. [bookmark: _Ref71685224]Support polarisation-common based free port selection for  at least up to rank 2 and for .
Proposal 13. [bookmark: _Ref71685241]Support the use of combinatorial indication for  at least up to rank 2.
Regarding the candidate values for , from our simulation results presented throughout this paper, we can conclude the following
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. [bookmark: _Ref71685258]Regarding the candidate values for , consider, at least  with  and for . Consider further down-selection in the discussion for supported parameter combinations: . For ,  does not need reporting.
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2.5	CSI-RS enhancement
In RAN1#104bis-e, regarding CSI-RS enhancement the following was agreed
Agreement 
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
If there is no consensus in RAN1 105e, Option 0 is by default.
As articulated in our previous contributions [6][7], our preference is for introducing a lower CSI-RS density of 1/4 (Option 1) but we are ok with Option 3 as well.
Proposal 15. [bookmark: _Ref71685279]Regarding CSI-RS enhancement, support Option 1 (lower density) or Option 3 (multiple resources).

3	M-TRP CSI reporting enhancement

3.1	Dynamic update of configuration parameters
In RAN1#104bis-e, it was agreed to consider whether additional higher-layer signalling is needed to configure a subset of  CMR resources for single-TRP measurement and to study possible dynamic update of some configuration parameters for a single CSI Reporting Setting, as outlines in the following agreement:
Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
Regarding the configuration of CMR resources for single-TRP measurements, we think there is a need for higher-layer signalling to restrict such measurements to a subset of  resources. In fact, there exist use cases for which configuring different CMR resources for NCJT and single-TRP measurement hypotheses is beneficial, for example:
1. [bookmark: _Hlk67575227]The gNB may apply different beamforming to the CSI-RS resources intended for NCJT and single-TRP measurement. For example, the CMR resources to be measured for NCJT may be beamformed such that interference between two TRP is minimised for cell-edge UEs, whereas the CMR resources intended for single-TRP measurement are beamformed to maximise beamforming gain.
2. [bookmark: _Hlk67506664]In FR2, a UE may use different receive spatial filters to measure NCJT and single-TRP hypotheses. For example, when measuring a CMR resource for an NCJT hypothesis, the receive spatial filters may be optimised for single-panel reception, with two different panels measuring each CMR resource in the NCJT pair. Conversely, for a single-TRP measurement hypothesis the spatial filters may be optimised for two-panel reception, as both panels can receive a single TRP. Therefore, CMR measurement may be impacted if a single CMR resource is configured for both single-TRP and NCJT measurements if only one spatial filter can be used per measurement. In this case, it would be beneficial to configure different CMR resources for single-TRP and NCJT measurement hypotheses.

Observation 1. [bookmark: _Ref68637544]
Observation 2. 
Observation 3. [bookmark: _Ref71685325]For a multi-TRP CSI Reporting Setting, configuring different CMR resources for NCJT and single-TRP measurements allows the network to optimise transmit beamforming to minimise interference between TRPs (NCJT) or maximise beamforming gain (single-TRP). It also allows a UE to optimise receive spatial filters when measuring a CMR resource for NCJT or single-TRP hypothesis.
In the CSI Reporting Setting the CMR resource set consists of  resources and the network can assign any  of these CMR resources to group 1 and the remaining  to group 2. Moreover, the network can select  CMR pairs for NCJT measurement from any combination of CMRs from the two groups, by using a bitmap of size . As for the single-TRP measurement hypotheses, if the network wants to configure, say  CMR resources for single-TRP measurement with  taken from group 1 and  from group 2, it can simply arrange these  CMR resources at the beginning of the resource set list, without restricting the choice for the CMR group and NCJT pairs configuration. In practice, full flexibility in the configuration of NCJT and single-TRP hypotheses can be achieved with minimal signalling overhead by using a bitmap of size  for the NCJT pairs and configuring the first CMR resources in the CSI-RS resource set list for single-TRP measurement. The configuration of CMR groups, NCJT hypotheses and single-TRP hypotheses is shown in Figure 15.
[image: ]
[bookmark: _Ref71190506]Figure 15. CSI Reporting Setting configuration for multi-TRP showing the configuration parameters for the NCJT hypotheses (bitmap), single-TRP hypotheses () and single-TRP reported CSIs ().

Observation 4. [bookmark: _Ref71685353]Full flexibility in the configuration of NCJT and single-TRP hypotheses can be achieved with minimal signalling overhead by using a bitmap of size  for the NCJT pairs and configuring the first CMR resources in the CSI-RS resource set list for single-TRP measurement.
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. [bookmark: _Ref71685447]Support higher-layer signalling of the number  of single-TRP hypotheses, with . The first  resources in the CSI-RS resource set for channel measurement are associated to the single-TRP measurement hypotheses.
Regarding dynamic updating of configuration parameters, there are several use cases benefitting from dynamically updating the NCJT pairs, the number of single-TRP measurements, and the number  of single-TRP CSIs, via MAC-CE. This MAC-CE update is applicable to semi-persistent and aperiodic multi-TRP reporting.
[bookmark: _Hlk67575211]In one use case, if a number of CPUs are already occupied, for example by other simultaneous periodic CSI reports, the gNB may need to schedule, for example, an aperiodic multi-TRP report with reduced number of CSI calculations to avoid CPU overbooking. This can be done by reducing the number of single-TRP measurements or removing some NCJT pairs. In another use case, the gNB may dynamically update the NCJT pairs based on some prior information of the channel propagating conditions or some other CSI scheduling constraints. For example, the gNB may decide to remove an NCJT hypothesis that is unlikely to be selected and adjust the number of single-TRP hypotheses. In a third use case, being able to dynamically adjust the number  of single-TRP CSIs allows the gNB to better control the feedback overhead and avoid partial omission of part 2 of the CSI report, if the resources available on PUSCH are limited.
On the other hand, dynamic updating of TCI states for CMR resources is already supported for aperiodic and semi-persistent reporting by means of multiple trigger states.
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. [bookmark: _Ref71685738]Support RRC and MAC-CE indication of the number of single-TRP hypotheses, , with .
Proposal 18. [bookmark: _Ref68637624]Support RRC and MAC-CE indication of the  NCJT pairs by means of a bitmap of size .
Proposal 19. [bookmark: _Ref68637660][bookmark: _Ref71685769]Support RRC and MAC-CE indication of the number of reported single-TRP CSIs, .
Proposal 20. [bookmark: _Ref71685781]Support the use of parameters  and  to configure Option 1/Option 2 reporting:  configures Option 2 with 1 CSI (best of  hypotheses); otherwise Option 1 is configured with  CSI(s).

3.2	FR1/FR2 restrictions on measurement configuration
In RAN1#104bis-e, possible restrictions were discussed on measurement configurations for FR2, in relation to the possibility for a UE to measure the same CMR resource in two different NCJT hypotheses or in one NCJT and one single-TRP hypothesis. The following was agreed:
Agreement
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.


Agreement 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1 105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

It is understood that in some implementations, a UE may use one or two panels for reception with receive filters optimised for one or two transmitting TRPs. It is also possible that different receive panels and/or filters are used for measuring two NCJT hypotheses where one of the two CMR resources is the same. In these case, a UE may not be able to support two different receive filters to measure the same CMR resource under different measurement hypotheses. Hence it is reasonable, for FR2, to introduce a UE capability to indicate if a UE is capable of the same CMR resource under different measurement hypotheses.

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. [bookmark: _Ref71685793]For the same CMR resource to be configurable in two different NCJT measurement hypotheses, support Alt 2.
Proposal 22. [bookmark: _Ref71685808]For the same CMR resource to be configurable in both a single-TRP and an NCJT measurement hypothesis, support Alt 3.


3.3	Remaining aspects of a Reporting Setting configuration
With regard to the configuration parameters , ,  and , the following was agreed in RAN1#104bis-e:
Agreement
With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported

Agreement 
With regarding to possible restriction between K1 and K2 
· Alt 2: No restriction as long as K1+K2=Ks

It was already agreed in RAN1#104-e that the values  and  are supported, hence a configuration with  and  should be supported. However, in FR2 some UEs may not be capable of measuring the same CMR resource in two different measurement hypotheses, hence for these UEs a gNB may need to configure  single-TRP measurements associated to different CMR resources from those used in the NCJT pair. Therefore, the default value for  and  should be 1 and 4, respectively, with a maximum value for  given by .
Observation 5. [bookmark: _Ref71685369]Because in FR2 some UEs may not be capable of measuring the same CMR resource in two different measurement hypotheses, a gNB may need to configure  single-TRP measurements associated to different CMR resources from those used in the  NCJT pair. Therefore, the default value for  and  should be 1 and 4, respectively, with a maximum value for  given by . 
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: _Ref71685821]Support default values of  and , with a maximum value for  given by .
Proposal 24. [bookmark: _Ref71685840]For the possible combinations of  and , support any value of  and any value of , with .

Regarding CBSR and RI combinations/restrictions the following was agreed in RAN1#104bis-e:
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

In Rel-15/16 these configurations are included in CodebookConfig and CodebookConfig-r16, respectively, of CSI-ReportConfig. Therefore, currently these restrictions pertain to the codebook configuration and because a CSI-ReportConfig can include only a single codebook configuration, the same restrictions would apply to all measurement hypotheses. Because there is no TRP association to CMR resources, it is not possible to configure restrictions for individual TRPs. However, it is possible to have a CodebookConfig configuration in the Reporting Setting with two CBSR and RI restrictions, one for each CMR resource group. 
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. 
Proposal 24. 
Proposal 25. [bookmark: _Ref71685857]Regarding CBSR and RI restriction, support a single CodebookConfig configuration for a CSI Reporting Setting with two CMBS and RI restrictions, one for each CMR group.


3.4	Reported quantities: CRI
In RAN1#104bis-e, the following was agreed with respect to the CRI(s) reported for the two possible reporting options:
Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.


Agreement 
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.

For option 1, we interpret the FFS point as whether the  CRI(s) should be jointly encoded as a single CRI report or separately encoded as separate CRI reports in the CSI report, because a single CSI report is associated with a Reporting Setting.
In case of joint encoding, a single CRI report has bit width , for ,  , for , and , for , where  and  are the number of single-TRP hypotheses configured from CMR group 1 and 2, respectively.
In case of separate encoding, CRI 1 is associated to the NCJT CSI and has bit width , CRI 2 is associated with the single-TRP CSI for  and has bit width , whereas for , CRI 2 and 3 are associated with the single-TRP CSI for CMR group 1 and 2, respectively, and have bit width  and , respectively. Note that if one or more values of , ,  equal 1, the corresponding CRI does not need reporting.
Although, in general, , in practice, for most applicable combinations of , , , there is no difference in the number of bits required by joint and separate encoding. Therefore, it is more straightforward to associate a separate CRI to each reported CSI, as illustrated in Figure 16, in a general case, for Option 1.
Observation 6. [bookmark: _Ref71685389]For Option 1, when , joint CRI reporting requires  bits, whereas separate CRI reporting requires   bits. When , joint CRI reporting requires , whereas separate CRI reporting requires , where  and  are the number of single-TRP hypotheses configured from CMR group 1 and 2, respectively.
Observation 7. [bookmark: _Ref71685404]For Option 1, in all practical configurations, the bit width required by joint and separate CRI reporting is the same.

[image: ]
[bookmark: _Ref71207453]Figure 16. Mapping of CRI(s) to measurement hypotheses for Option 1, in a general case.

[image: ]
Figure 17. Mapping of CRI(s) to measurement hypotheses for Option 1 in the example of Figure 15, with .

Proposal 26. [bookmark: _Ref71685906]For Option 1, support separate  CRI(s), with bit width  for ,   and , for , and ,  and  for , where  and  are the number of active single-TRP hypotheses from CMR group 1 and 2, respectively, with .
For Option 2, there is a single CRI being reported with bit width  and a possible simple mapping mechanism is illustrated, in a general case, in Figure 18. 
[image: ]
[bookmark: _Ref71214823]Figure 18. Mapping of the CRI to measurement hypotheses for Option 2, in a general case.

[image: ]
Figure 19. Mapping of CRI(s) to measurement hypotheses for Option 2 in the example of Figure 15, with  and .

Proposal 27. [bookmark: _Ref68637675]For Option 2, support a CRI mapping with  bits, where the first  codepoints are associated to the  configured NCJT hypotheses and the last  codepoints are associated to the first  CMR resources in the CSI-RS resource set.


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

Sharing of PMI and/or RI among the single-TRP and NCJT hypotheses would reduce UCIs overhead. However, it must be studied in detail as it may lead to suboptimal performance.
Indeed, while the NCJT report provides feasible PMIs for single-TRP transmission hypothesis, they will be suboptimal as the number of their layers was restricted due to the limited number of rank combination for NCJT hypothesis. A PMI computation with a prior assumption of single-TRP transmission could have resulted in a PMI with a higher rank, achieving better performance. 
Another aspect worthy of consideration is the impact of such information sharing between CSIs on the computations at the UE side.  If all information is shared except for CQI, this means that the only differentiation between single-TRP and NCJT report would be in how the interference was considered and one of the CSIs would bowl down to CQI only. Such restriction may hinder performance and need careful assessment.
Nevertheless, the merits of information sharing, among CSIs, in reducing UCI overhead are undeniable. 
Consequently, if information sharing is used to reduce the overhead of the reported CSIs, we think complementary information may be needed.  Example, additional layers for PMI1 or PMI2 to be used when single-TRP transmission is decided. Another example would be sharing wideband PMI information among CSIs as the spatial support of PMIs is layer common. 
Such approach would achieve overhead reduction by leveraging information sharing without imposing stringent restrictions on any of the CSIs. 
It should also be highlighted that an explicit sharing indicator may be needed, e.g., a one-bit indicator in UCI part 1 or part 2. Indeed, such indicator would enable to differentiate information sharing from CSI omission. This information is quite useful at the network side as it may condition how the network would handle the situation. For example, while information sharing may be the result of high correlation between the NCJT and single-TRP CSIs, CSI omission is rather due to colliding CSI reports and insufficient uplink reporting resources. While in the first case, no particular action from the network is needed, in the latter case, the network may want to reconfigure the periodicity or reporting resources in CSI-ReportConfig.   
Overhead reduction can also be achieved via differential quantization of CSI quantities across CSIs of different interference hypothesis.  For example, differential quantization of CQI may be considered. The CQI of one hypothesis may be used as a reference for differential quantization of CQI of other hypotheses. This would allow overhead savings without imposing restrictions on of the other hypotheses. 
Proposal 28. [bookmark: _Ref71685933]Regarding the split of CSI quantities between part 1 and part 2, support adding complementary information and an explicit indication in part 1 if sharing occurs.

3.6	CSI priority, omission, and CPU occupancy
In RAN1#104bis-e the following was agreed regarding CSI priority, omissions and CPU occupancy
Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.

Agreement 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme

In the current specifications [TS 38.214, 5.2.5], the priority value of a CSI report 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. 
For a UE configured with a CSI reporting setting, associated with a multi-TRP/panel NCJT measurement hypothesis and supporting option 1 with X=1,2, multiple CSIs would be reported with the same reportConfigID. As measurement hypothesis does not have any impact on a CSI report priority, single-TRP and NCJT CSIs will have the same priority, if both CSIs are configured with the same reporting quantities.
This means that, in case of CSI omission, the UE does not distinguish between reports based on their assumed transmission hypotheses. If omission is decided for a given reportConfigID, all associated CSIs would be impacted.  
While the problem of CSI omission can be reduced by optimizing CSI reporting configuration so that instances of colliding reports are minimized as much as possible, a prioritization based on the CSI measurement hypothesis would be beneficial. Indeed, it could enable to salvage parts of multi-TRP/panel NCJT CSI reports, in case PUCCH or PUSCH reporting resource allow that.
Additionally, enabling the gNB to dynamically control the number of reported CSIs per CSI reporting setting can further reduce the impact of CSI omission. Indeed, an intelligent network can deduce the relevance of specific transmission hypothesis for a given UE based on a priori information, e.g., previous CSI reports, SRS measurements, location, etc. Subsequently, the network could dynamically adapt the number of CSIs per CSI report setting, using MAC-CE indication of ,  and the NCJT bitmap to retain the most relevant hypothesis and avoid the omission due to insufficient UL resources and CPUs overbooking.
Observation 1. [bookmark: _Ref68637600]
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. [bookmark: _Ref71685421]Defining a prioritization between single-TRP and NJCT CSIs would be needed to specify efficient omission rules for multi-TRP/panel NCJT CSI reporting.

Both fixed and flexible prioritization could be studied. Indeed, for a given UE, the best performing transmission hypotheses between single-TRP and NCJT transmission, depends on its implementation, location and channel conditions. Consequently, which transmission hypothesis should be given priority is UE-specific and can change with UE mobility. Additionally, further considerations should be made based on whether CSIs are transmitted over a single or multiple PUSCH or PUCCH resources. 
We think there is a need to extend the definition of the priority function for the  CSIs included in a CSI report. This priority function affects both omissions and which CSIs are not updated when CPU overbooking occurs.
Proposal 29. [bookmark: _Ref71685947]Support extending the definition of the priority function  to include the  CSIs reported in a single M-TRP CSI report.

3.7	Interference measurement
Regarding interference measurement configuration in a single CSI Reporting Setting, the following was agreed in RAN1#104bis-e
Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis


Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported

On the CSI-IM configuration, because they are intended to measure inter-cell interference, it makes sense for a CSI-IM resource to be associated to a measurement hypothesis rather than individual CMR resources.
Proposal 30. [bookmark: _Ref71685959]Regarding CSI-IM configuration for a single Reporting Setting, support Alt 2: each CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis. 


3.8	On multi-DCI-based M-TRP CSI reporting
In RAN1#104-e, the following agreement was made 
Agreement
Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)

Regarding CSI reporting for multi-DCI based M-TRP, the following working assumption was formulated in RAN1#103-e,
Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

The two options of the working assumption assume multiple CSI reporting settings, with either implicit or explicit association between settings. 
On one hand, option 1 is understood to propose an explicit association between reporting settings that are intended for NCJT CSI reporting. Such association would most likely be done by explicit indication in the CSI report configurations, e.g., by indicating the associated CSI-ReportConfigId in a CSI-ResportConfig. On the other hand, option 2 is understood to propose an implicit association between reporting settings that are intended for NCJT CSI reporting. The implicit association could stem from the correspondence between configured CMR and NZP-CSI-RS for interference measurement in each reporting setting, respectively.
Although relying on multiple CSI reporting settings to support M-DCI based M-TRP is a valid approach, we note that the framework provided for single-DCI NC-JT measurement is flexible enough to be extended to the multi-DCI case as well. Indeed, if only periodic and semiPersistentOnPUCCH are supported (as indicated in the working assumption), the noticeable issue that may prevent extending the solution agreed for single Reporting Setting to M-DCI based NC-JT measurement is the configured uplink resources (PUCCH/PUSCH) for CSI reporting. 
Therefore, one of the following mechanisms can provide a solution based on the agreed scheme for single-DCI based M-TRP, 
· two reporting settings with the same configurations except for PUCCH/PUSCH resources for CSI reporting. 
· a single reporting setting with two PUCCH resources for CSI reporting, each PUCCH being associated with a given TRP. 
 
Nevertheless, a solution based on multiple CSI reporting settings can be useful to cover other CSI reporting quantities, including L1-RSRP and L1-SINR for beam management, and more specifically, group-based beam management.   
If the working assumption is to be confirmed, we think that explicit indication of the associated CSI-ReportConfig is needed, regardless of the option. Implicit association may render the whole scheme less flexible. 

4	Conclusion
Hereafter is a summary of observations and proposals for FDD CSI enhancement
Observation 1	Supporting , subject to UE capability, is important for robustness against nonideal UL-DL reciprocity of delays and for gNB implementations with lower delay resolution, due for example to limited SRS bandwidth.
Observation 2	The minimum configurable value of  depends on the CSI-RS density , according to the inequality: , which states that the number of RBs carrying CSI-RS in a PMI subband, , must be larger than 1. In simulations, we observe that throughput performance is best with equality, for , i.e., when only one RB per PMI subband carries CSI-RS. Values of  may be beneficial for some special use cases, such as when the gNB has lower delay resolution due, for example to the SRS bandwidth being a fraction of the CSI-RS bandwidth.

Proposal 1	Support rank 1,2 and further evaluate support for rank 3 and 4 under the assumption that CSI overhead for rank>2 should be comparable to that of rank 2.
Proposal 2	Regarding the gNB configuration of a single measurement window for , support Alt 1, i.e., a window formed by  consecutive DFT components.
Proposal 3	Regarding the relationship between parameters  and , support Alt 2, i.e., .
Proposal 4	Support . Consider possible restrictions in relation to other parameters, such as ,  and , in the discussion on supported parameter combinations and UE capabilities.
Proposal 5	Support reporting of  nonzero components of  using a combinatorial indicator of  bits for . For  and/or ,  is not reported.
Proposal 6	Regarding the values of , support Alt4. In particular, support the configuration with . Consider limiting configurations for  for .
Proposal 7	Regarding the quantisation of , support the baseline Alt 1, i.e., reuse Rel-16 quantisation scheme at least up to rank 2.
Proposal 8	Regarding the maximum number of NZC per layer, , reuse the definition from Rel-16, such that .
Proposal 9	Regarding the bitmap and SCI reporting, support:
· Reporting of the position, [, ], of the strongest coefficient of layer , for , using  bits.
· Reporting of the bitmap after remapping the index of the strongest coefficient to .
Proposal 10	Regarding the candidate values for , consider   for  and  for . Consider further down-selection in the discussion for supported parameter combinations: . For , the bitmap does not need reporting.
Proposal 11	Support polarisation-specific bitmap.
Proposal 12	Support polarisation-common based free port selection for  at least up to rank 2 and for .
Proposal 13	Support the use of combinatorial indication for  at least up to rank 2.
Proposal 14	Regarding the candidate values for , consider, at least  with  and for . Consider further down-selection in the discussion for supported parameter combinations: . For ,  does not need reporting.
Proposal 15	Regarding CSI-RS enhancement, support Option 1 (lower density) or Option 3 (multiple resources).

Hereafter is a summary of observations and proposals for M-TRP CSI enhancement.
Observation 3	For a multi-TRP CSI Reporting Setting, configuring different CMR resources for NCJT and single-TRP measurements allows the network to optimise transmit beamforming to minimise interference between TRPs (NCJT) or maximise beamforming gain (single-TRP). It also allows a UE to optimise receive spatial filters when measuring a CMR resource for NCJT or single-TRP hypothesis.
Observation 4	Full flexibility in the configuration of NCJT and single-TRP hypotheses can be achieved with minimal signalling overhead by using a bitmap of size  for the NCJT pairs and configuring the first CMR resources in the CSI-RS resource set list for single-TRP measurement.
Observation 5	Because in FR2 some UEs may not be capable of measuring the same CMR resource in two different measurement hypotheses, a gNB may need to configure  single-TRP measurements associated to different CMR resources from those used in the  NCJT pair. Therefore, the default value for  and  should be 1 and 4, respectively, with a maximum value for  given by .
Observation 6	For Option 1, when , joint CRI reporting requires  bits, whereas separate CRI reporting requires   bits. When , joint CRI reporting requires , whereas separate CRI reporting requires , where  and  are the number of single-TRP hypotheses configured from CMR group 1 and 2, respectively.
Observation 7	For Option 1, in all practical configurations, the bit width required by joint and separate CRI reporting is the same.
Observation 8	Defining a prioritization between single-TRP and NJCT CSIs would be needed to specify efficient omission rules for multi-TRP/panel NCJT CSI reporting.


Proposal 16	Support higher-layer signalling of the number  of single-TRP hypotheses, with . The first  resources in the CSI-RS resource set for channel measurement are associated to the single-TRP measurement hypotheses.
Proposal 17	Support RRC and MAC-CE indication of the number of single-TRP hypotheses, , with .
Proposal 18	Support RRC and MAC-CE indication of the  NCJT pairs by means of a bitmap of size .
Proposal 19	Support RRC and MAC-CE indication of the number of reported single-TRP CSIs, .
Proposal 20	Support the use of parameters  and  to configure Option 1/Option 2 reporting:  configures Option 2 with 1 CSI (best of  hypotheses); otherwise Option 1 is configured with  CSI(s).
Proposal 21	For the same CMR resource to be configurable in two different NCJT measurement hypotheses, support Alt 2.
Proposal 22	For the same CMR resource to be configurable in both a single-TRP and an NCJT measurement hypothesis, support Alt 3.
Proposal 23	Support default values of  and , with a maximum value for  given by .
Proposal 24	For the possible combinations of  and , support any value of  and any value of , with .
Proposal 25	Regarding CBSR and RI restriction, support a single CodebookConfig configuration for a CSI Reporting Setting with two CMBS and RI restrictions, one for each CMR group.
Proposal 26	For Option 1, support separate  CRI(s), with bit width  for ,   and , for , and ,  and  for , where  and  are the number of active single-TRP hypotheses from CMR group 1 and 2, respectively, with .
Proposal 27	For Option 2, support a CRI mapping with  bits, where the first  codepoints are associated to the  configured NCJT hypotheses and the last  codepoints are associated to the first  CMR resources in the CSI-RS resource set.
Proposal 28	Regarding the split of CSI quantities between part 1 and part 2, support adding complementary information and an explicit indication in part 1 if sharing occurs.
Proposal 29	Support extending the definition of the priority function  to include the  CSIs reported in a single M-TRP CSI report.
Proposal 30	Regarding CSI-IM configuration for a single Reporting Setting, support Alt 2: each CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis.
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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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