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1. Introduction
At the 3GPPRAN#81 meeting work item to specify enhancements for NR MIMO was approved. Objectives of the work item include the following [1]. 
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead
· Perform study and, if needed, specify extension of Type II CSI feedback to rank > 2
At the RAN1#95 [2, 3] it was agreed to support DFT-based frequency-domain compression for Type II CSI. Furthermore, it was agreed to extend the support of Type II CSI with DFT-based compression for rank 3 and 4 [4]. The design of DFT-based frequency-domain compression for Type II CSI is finalised for rank 1-4 except some issues including UE capability signalling, codebook subset restriction, UCI omission, and support of rank 3-4 port selection codebook. In this contribution we discuss the remaining details of the Type II CSI with DFT-based compression.
2. Discussion
2.1. UE capability signalling
The design of UE capability signalling for CSI measurements and reporting considers many aspects such as implementation of processing algorithms (e.g. PMI search with a particular codebook type and number of ports), memory size to store CSI, UE complexity for CSI processing considering multiple simultaneous calculations for different CSI reports, processing time constraints, etc. There are different UE capabilities for CSI which are defined per component carrier (CC), per band, per frequency range (FR1 or FR2) or per UE. The list of Rel. 15 UE capabilities for CSI is provided below [5].
· csi-RS-IM-ReceptionForFeedback – This parameter is configured per band; same parameter is configured 	per UE for the case of FR1-FR2 band combination. Values of UE 	capabilities in the parameter configured per band are further limited 	by the parameter configured per UE.
· maxConfigNumberNZP-CSI-RS-PerCC
· maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC
· maxConfigNumberCSI-IM-PerCC
· maxNumberSimultaneousNZP-CSI-RS-PerCC
· totalNumberPortsSimultaneousNZP-CSI-RS-PerCC
· CSI-RS-IM-ReceptionForFeedbackPerBandComb – This parameter is configured per band combination.
· maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC
· totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
· csi-ReportFramework – This parameter is configured per band; same parameter is configured per UE for  	the case of FR1-FR2 band combination. Values of UE capabilities in the 	parameter configured per band are further limited by the parameter configured 	per UE.
· maxNumberPeriodicCSI-PerBWP- ForCSI-Report
· maxNumberPeriodicCSI-PerBWP-ForBeamReport
· maxNumberAperiodicCSI-PerBWP-ForCSI-Report
· maxNumberAperiodicCSI-PerBWP-ForBeamReport
· maxNumberAperiodicCSI-triggeringStatePerCC
· maxNumberSemiPersistentCSI-PerBWP-ForCSI-Report
· maxNumberSemiPersistentCSI-PerBWP-ForBeamReport
· simultaneousCSI-ReportsPerCC
· simultaneousCSI-ReportsAllCC – This parameter is configured per band combination.
· codebookParameters – This parameter is configured per band.
· type1
· singlePanel
· supportedCSI-RS-ResourceList
· modes
· maxNumberCSI-RS-PerResourceSet
· multiPanel
· supportedCSI-RS-ResourceList
· modes
· nrofPanels
· maxNumberCSI-RS-PerResourceSet
· type2
· supportedCSI-RS-ResourceList
· parameterLx
· amplitudeScalingType
· amplitudeSubsetRestriction
· type2-PortSelection
· supportedCSI-RS-ResourceList
· parameterLx
· amplitudeScalingType
· SupportedCSI-RS-Resource – This parameter is configured per band as part of codebook parameters for 	each codebook type (list of SupportedCSI-RS-Resource corresponds to 	the supportedCSI-RS-ResourceList parameter for each codebook type).
· maxNumberTxPortsPerResource
· maxNumberResourcesPerBand
· totalNumberTxPortsPerBand

Support of CSI reporting with a given codebook type is indicated by UE capability codebookParameters which is configured per band. For each codebook type UE indicates a list of supported combinations of the maximum number of CSI-RS ports per CSI-RS resource, the maximum number of resources across all CCs within a band simultaneously, the total number of Tx ports across all CCs within a band simultaneously (supportedCSI-RS-ResourceList parameter). There are also codebook-specific parameters such as mode for Type I codebooks (modes parameter), supported values of L for Type II codebooks (parameterLx parameter), etc. Codebook-specific UE capabilities are needed to indicate support of a codebook type, specific features for each supported codebook type and maximum number of ports/resources for each codebook to control UE computational complexity since UE computational complexity is different for different codebook types. Since new codebook type is introduced in Rel. 16, new codebook-specific parameter for UE capabilities is needed similar to Rel. 15 codebook types. Parameter for new codebook type should include at least supportedCSI-RS-ResourceList parameter and other parameters to indicate codebook-specific features.
Proposal 1:
· Support extension of Rel. 15 UE capabilities for new codebook type(s) introduced in Rel. 16
· Higher layer parameter for indication of UE capabilities for new codebook type(s) introduced in Rel. 16 should include at least a list of supported combinations of the maximum number of CSI-RS ports per CSI-RS resource, the maximum number of resources across all CCs within a band simultaneously, the total number of Tx ports across all CCs within a band simultaneously
Since the same processing unit can be reused for PMI calculation with different codebook types, separate UE capability signalling for each codebook type is not enough to represent actual UE capabilities for CSI processing. There are many parameters for UE capability signalling which are indicated for all codebook types (codebook-common parameters) and can be used to control UE processing complexity (e.g. simultaneousCSI-ReportsAllCC, simultaneousCSI-ReportsPerCC, maxNumberSimultaneousNZP-CSI-RS-PerCC, maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC, etc.). However, it is hard to use codebook-specific and codebook-common parameters together since the granularity of UE capability reporting is different. For example, maxNumberResourcesPerBand parameter limits the maximum number of NZP CSI-RS resources per codebook type, maxNumberSimultaneousNZP-CSI-RS-PerCC parameter limits the maximum number of NZP CSI-RS resources for all codebook types, both parameters are indicated per band. However, it is hard to use those two parameters together since the number of NZP CSI-RS resources for maxNumberSimultaneousNZP-CSI-RS-PerCC is limited in each CC while for maxNumberResourcesPerBand it is limited per band. 
Thus, UE capability signalling is not optimal and lead to underestimate of actual UE processing capabilities. For example, let’s assume that UE is capable to simultaneously process up to T CSI-RS resources for Type I and Type II codebook in total. Since UE processing unit is shared for different codebook types and UE capabilities are defined separately per each codebook type, UE should distribute it’s capabilities among Type I and Type II, e.g. up to T1 CSI-RS resources for Type I and up to T2 CSI-RS resources for Type II. In that example UE is actually capable to do simultaneous processing for T CSI-RS resources for Type I and Type II codebook, however, gNB assumes that UE is not capable to do it according to the UE capability signalling.
Considering that the complexity of CSI calculation for Type II with DFT-based compression is higher comparing to Rel. 15 Type I and Type II codebooks, efficiency of utilization of UE computational resources becomes more important. Hence, optimization of UE capability signaling is needed for Rel. 16.
Observation 1:
· UE capability signaling does not optimally reflect the actual UE CSI processing capabilities for the case where multiple codebook types are supported by the UE
Proposal 2:
· Consider optimization of UE capability signaling for the case where multiple codebook types are supported by the UE taking into account that the complexity of CSI calculation for Type II with DFT-based compression is higher comparing to Rel. 15 Type I and Type II codebook
One simple solution which can solve the above problem is introduction of additional UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports across all CCs within a band simultaneously across all the supported codebook type.
Proposal 3: 
· Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports across all CCs within a band simultaneously across all the supported codebook types
2.2. Codebook subset restriction (CBSR)
In order to decrease inter-cell interference it may be needed to avoid DL transmission to the certain direction. To support valid CSI for such scenario codebook subset restriction (CBSR) feature was specified for NR in Rel. 15 for Type I and Type II CSI. CBSR allows to control the PMI and avoid situation when the UE selects precoding matrix corresponding to the DL transmission towards the restricted direction. CBSR for Rel. 15 Type II CSI also allows to control the maximum relative transmission power allocated for a transmission for different beamforming directions.
For beam-combining based Type II CSI feedback there is alternative approach how to avoid DL transmission to a certain direction or reduce its power without CBSR. Algorithms like MMSE precoding or zero-forcing precoding can be applied to the precoding matrix reported by the UE with correction of CQI at the gNB side. Such approach allows to use all the channel information provided by the UE and achieve full flexibility of control for transmission direction and corresponding power. Such approach, however, cannot be used for a case where all the beams reported by the UE are restricted for transmission. So, simple CBSR with beamforming direction restriction may still be needed depending on the actual deployment scenario.
Observation 2: 
· Control of the transmission direction and corresponding power can be done at the gNB side without codebook subset restriction
Proposal 4: 
· On codebook subset restriction for Rel.16 Type II codebook, support spatial-domain subset restriction analogous to Rel.15 Type I
2.3. UCI omission
Another feature specified in the Rel. 15 for Type I and Type II CSI is UCI omission for PUSCH-based CSI reporting. Partial UCI omission allows to omit part of channel state information if container size (capacity of PUSCH) is lower than the number of bits required for the CSI report. Such case is possible if the gNB underestimate the number of bits required for CSI reporting in case of dynamically changing CSI report size, for example in case of rank adaptation with Type II CSI. In the contribution [6] it was shown that the rank value of Type II CSI can be predicted based on the rank of Type I report. Hence, gNB can handle the dynamically changing number of bits for aperiodic Type II CSI reporting without significant losses of CSI reporting efficiency. 
Observation 3: 
· gNB can handle the dynamically changing number of bits for aperiodic Type II CSI reporting without significant losses of CSI reporting efficiency without partial UCI omission
At the last RAN1 meeting multiple alternatives for partial UCI omission was agreed for further downselection. 
	Agreement
When the UE is configured to report NRep CSI reports,
· Group 0 includes at least: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, 
· 
For each of the NRep reports, Group 1 includes at least: reference amplitude(s) for weaker polarization, , FD indicator
· 
For each of the NRep reports, Group 2 includes at least: 
· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 

In RAN1#98bis, decide the following aspects. If there is no consensus in RAN1#98bis, UCI omission for Rel.16 Type II codebook is not supported in Rel.16 (i.e. UCI omission can be performed via UE implementation).

1. Priority rule for determining G1 and G2: down select from the following:
· 

Alt 1.1: LC coefficients are prioritized from high to low priority according to (λ,l,m) (index triplet, the   highest priority coefficients belong to G1 and the  lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
· 

Alt 1.2: The NZ coefficients  are sorted sequentially 0 to KNZ– 1 in the following order, based on λlm indexing (layer  SD  FD), or based on l λ m indexing (SD  layer  FD). The group G1 comprises at least firstsorted coefficients, and group G2 comprises the remaining second sorted coefficients.
· 

Alt 1.3: LC coefficients are prioritized from high to low priority according to (λ,l,m) index triplet, the  highest priority coefficients belong to G1 and the   lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+ λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation

2. 
Which group(s)  belong to: down select from the following 
· 

Alt 2.1: (only coupled with Alt 1.1) First bits according to Prio(λ,l,m) value belong in Group 1, last according to Prio(λ,l,m) value belong in Group 2
· 

Alt 2.2: (only coupled with Alt 1.2) Bitmap and coefficients are segmented together into M segments (M = number of FD basis indices). Group 1 contains M1 segments and Group 2 contains M2 segments, where M = M1+M2. Each segment contains the bitmap (sub-bitmap) associated with all RI layers, all SD components and a single FD component and the corresponding combining coefficients. The payload size of Group 1 is given by  (N= number of bits for amplitude and phase). The payload size of Group 2 is . 
· FFS: Segmentation of sub-bitmap and coefficients per segment 
· 

Alt 2.3: (only coupled with Alt 1.3) First bits according to Prio(λ,l,m) value belong in Group 1, last  according to Prio(λ,l,m) value belong in Group 2
· Alt 2.4 (only coupled with Alt 1.1) First RI.LM bits according to Prio(λ,l,m) value belong in Group 1, last RI.LM  according to Prio(λ,l,m) value belong in Group 2
· 
Alt2.5: (applicable to any Alt1.x) Bitmap  is included in Group 0
· 
Alt2.6: (applicable to any Alt1.x) Bitmap  is included in Group 1



In our view the system performance for UCI omission is similar for different alternatives and the main characteristic to select particular alternative should be UE complexity. Since the permutation of bits is trivial operation there is no significant difference between the alternatives. Hence, we propose to support a simple UCI omission scheme.
Proposal 5: 
· Support a simple UCI omission scheme
2.4. Type II port selection codebook
At the last RAN1 meeting the following agreement was made on the support of Type II port selection codebook for rank 3-4.
	Agreement
On the support of Rel.16 Type II port selection codebook for RI=3-4, evaluate the need for supporting the following scheme in RAN1#98bis:
· 
Reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II  and Wf
· Note: if there is no consensus on the need for this feature, such extension to RI=3-4 is not supported in Rel.16


[bookmark: _GoBack]The port selection codebook is needed to enable support of CSI with beamformed CSI-RS. As it was previously discussed in RAN1, there are some pros and cons for beamformed CSI-RS comparing to non-precoded CSI-RS, depending on particular deployment and KPIs one or the other may be better. Since Type II rank 3-4 codebook is supported for non-precoded CSI-RS it should be also supported for beamformed CSI-RS. The simplest way to support Rel. 16 Type II port selection codebook for rank 3-4 is to reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II  W1 and Wf.
Proposal 6:
· Support Rel.16 Type II port selection codebook for RI=3-4 by reusing the Rel-15 Type II W1 matrix and the Rel-16 Type II  W1 and Wf

3. Conclusions
In this contribution remaining issues on enhancements to CSI for MU-MIMO are discussed. The following proposals and observations were made.
Proposal 1:
· Support extension of Rel. 15 UE capabilities for new codebook type(s) introduced in Rel. 16
· Higher layer parameter for indication of UE capabilities for new codebook type(s) introduced in Rel. 16 should include at least a list of supported combinations of the maximum number of CSI-RS ports per CSI-RS resource, the maximum number of resources across all CCs within a band simultaneously, the total number of Tx ports across all CCs within a band simultaneously
Observation 1:
· UE capability signaling does not optimally reflect the actual UE CSI processing capabilities for the case where multiple codebook types are supported by the UE
Proposal 2:
· Consider optimization of UE capability signaling for the case where multiple codebook types are supported by the UE taking into account that the complexity of CSI calculation for Type II with DFT-based compression is higher comparing to Rel. 15 Type I and Type II codebook
Proposal 3: 
· Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports across all CCs within a band simultaneously across all the supported codebook types
Observation 2: 
· Control of the transmission direction and corresponding power can be done at the gNB side without codebook subset restriction
Proposal 4: 
· On codebook subset restriction for Rel.16 Type II codebook, support spatial-domain subset restriction analogous to Rel.15 Type I
Observation 3: 
· gNB can handle the dynamically changing number of bits for aperiodic Type II CSI reporting without significant losses of CSI reporting efficiency without partial UCI omission
Proposal 5: 
· Support a simple UCI omission scheme
Proposal 6:
· Support Rel.16 Type II port selection codebook for RI=3-4 by reusing the Rel-15 Type II W1 matrix and the Rel-16 Type II  W1 and Wf
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