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Introduction
It was agreed in [1] to specify the NES techniques in spatial and power domain.
	The objectives of the work item are the following:
1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


The contribution focuses on the NES techniques in spatial and power domain. 
In the contribution, the design principle is to minimize of spec impact and achieve better back compatibility. It is better that the legacy UEs can well coexist with R18 NES UEs. The early deployment is strived to enable the current network applying the spatial domain NES techniques as soon as possible.

Spatial domain

1.1 Logical antenna ports vs. antenna elements
The spatial domain NES usually means adaptation of spatial elements, e.g. 
· Logical antenna ports (each corresponds to a transceiver chain/branch), or
· Antenna elements.
In RAN1#112 [2], for ease of discussion, two types of mapping between multiple antenna elements and a logical antenna port are agreed.
	Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled


For Type 2, when a part of/subset of antenna elements associated to a logical antenna port is disabled/enabled, the analog beam shape for the logical antenna port corresponding to CSI-RS for CSI acquisition is changed. In other words, QCL properties of CSI-RS for CSI acquisition are changed. In this case, CRI and the corresponding PMI/RI/CQI need to be updated. It seems complicated from UE perspective, and thus Type 2 is not our preference. However, in RAN1#112bis-e [3], it was agreed that Type 1 and 2 can be both supported.
	Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases



1.2 Multiple CSIs
Adaptation of spatial elements will be defined as multiple CSIs in the spec. Multiple CSIs may mean multiple CSI-RS resource configuration and multiple CSI report configuration. Definitions of CSI-RS resource configuration and CSI report configuration is shown in Appendix A.1 and Appendix A.2 respectively.
CSI-RS resource configuration
In RAN1#112 [2], two alternatives for association between CSI-RS resource/resource set/resource setting and spatial adaptation pattern were defined. 
	Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”


In RAN1#112bis-e [3], the two alternatives on association between CSI-RS resource and spatial adaptation pattern was refined.
	Agreement
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.



CSI report configuration
In RAN1#112 [2], for CSI report configuration, there were two alternatives agreed.
	Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration


In RAN1#112bis-e [3], it was agreed at least A2-2 is supported.
	Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement


In our view, A2-1 is already supported by current spec. A2-2 is enhancement which may solve the restriction of dimension (total number) of CSI-RS or CSI reports.
Observation 1: A2-1 is already supported by current spec, and A2-2 is to be supported as enhancement.

1.3 Support of Type 1 and Type 2
Definition of spatial adaptation pattern is not given. In our view, for Type 1, spatial adaptation pattern means the number of ports in a CSI-RS resource; for Type 2, spatial adaptation pattern means the number of antenna elements in a CSI-RS port.
Observation 2: For Type 1, spatial adaptation pattern means the number of ports in a CSI-RS resource; for Type 2, spatial adaptation pattern means the number of antenna elements in each CSI-RS port for a CSI-RS resource.
In our view, how Type 1 and Type 2 support A1-1-revised, A1-2-revised, A2-1 and A2-2 are listed as follows.
· CSI-RS resource configuration
· A1-1-revised
· Type 1: gNB can configure a CSI-RS resource corresponding to a given number of logical antenna ports, e.g. 3 CSI-RS resources, one has 4 ports, another has 8 ports and the last one has 16 ports.
· A1-1-revised + A2-1: gNB can configure a CSI report configuration corresponding to the CSI-RS resource.
· Spec impact: Increase the number of CSI-RS resources in a CSI-RS resource set. Support different number of ports for different CSI-RS resource in a CSI-RS resource set.
· A1-1-revised + A2-2: gNB can configure a CSI report sub-configuration corresponding to the CSI-RS resource.
· Spec impact: Introduce CSI report sub-configuration. Increase the number of CSI-RS resources in a CSI report configuration, if we assume each sub-configuration corresponds to a CSI-RS resource set.
· Type 2: gNB can configure a CSI-RS resource corresponding to a given number of antenna elements, and all CSI-RS resources has the same number of logical antenna ports, e.g. 3 CSI-RS resources each with 16 ports, one has 1 element, another has 2 elements and the last one has 3 elements respectively.
· A1-1-revised + A2-1: gNB can configure a CSI report configuration corresponding to the CSI-RS resource.
· Spec impact: Increase the number of CSI-RS resources in a CSI-RS resource set.
· A1-1-revised + A2-2: gNB can configure a CSI report sub-configuration corresponding to the CSI-RS resource.
· Spec impact: Introduce CSI report sub-configuration. Increase the number of CSI-RS resources in a CSI report configuration, if we assume each sub-configuration corresponds to a CSI-RS resource set.
· A1-2-revised
· Type 1: gNB can configure a CSI-RS resource corresponding to multiple numbers of logical antenna ports, e.g. 2 CSI-RS resources, one has 2 ports and 4 ports, another has 8 ports and 16 ports.
· A1-2-revised + A2-1: gNB can configure a CSI report configuration corresponding to the CSI-RS resource.
· Spec impact: Support change of number of ports for a CSI-RS resource. 
· A1-2-revised + A2-2: gNB can configure a CSI report sub-configuration corresponding to the CSI-RS resource.
· Spec impact: Support change of number of ports for a CSI-RS resource. Introduce CSI report sub-configuration.
· Type 2: gNB can configure a CSI-RS resource corresponding to multiple numbers of antenna elements, and all CSI-RS resources has the same number of logical antenna ports, e.g. 2 CSI-RS resource each with 16 ports, one has 1 element and 2 elements, another has 3 elements and 4 elements.
· A1-2-revised + A2-1: gNB can configure a CSI report configuration corresponding to the CSI-RS resource.
· Spec impact: Support change of number of elements for a CSI-RS resource. 
· A1-2-revised + A2-2: gNB can configure a CSI report sub-configuration corresponding to the CSI-RS resource.
· Spec impact: Support change of number of elements for a CSI-RS resource. Introduce CSI report sub-configuration.
Besides, in RAN1#112bis-e [3], sub-configuration is to be supported at least for SP/AP CSI report.
	Agreement
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1


Sub-configuration is to be supported at least by codebook subset restriction for Type 1. Codebook subset restriction can be regarded as a form of number of ports.
	Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content


In this sense, we have following observation.
· A2-2 can reduce spec impact, since A2-2 provide more degree of freedom, which has full flexibility. 
· A1-1-revised + A2-2 has drawback to “increase the number of CSI-RS resources in a CSI report configuration, if we assume each sub-configuration corresponds to a CSI-RS resource set”.
· A1-2-revised + A2-2 has drawback to “support multiple numbers of ports or elements for a CSI-RS resource”.
Observation 3: 
· A2-2 can reduce spec impact, since A2-2 provide more degree of freedom, which has full flexibility. 
· A1-1-revised + A2-2 has drawback to “increase the number of CSI-RS resources in a CSI report configuration, if we assume each sub-configuration corresponds to a CSI-RS resource set”.
· A1-2-revised + A2-2 has drawback to “support multiple numbers of ports or elements for a CSI-RS resource”.
Therefore, we prefer A1-1-revised + A2-2. Since A2-2 was agreed to be supported, we suggest prioritizing A1-1-revised.
It should be noted that, in RAN1#112bis-e [3], it was made as a working assumption that both A1-1-revised and A1-2-revised are supported.
	Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for


However, we think A1-1-revised is to be prioritized and postpone the confirmation of the working assumption.
Proposal 1: Prioritize A1-1-revised.

1.4 Periodic CSI report
[bookmark: _GoBack]In RAN1#112bis-e [3], it is controversial whether to support adaptation of periodic CSI report.
Companies had different views on how to enable/activate/trigger/… N CSI(s) for N<L case for periodic CS report. Some companies think UE can autonomously select N CSI(s) from L sub-configuration. However, from our side, we think UE autonomously selecting does not reduce UE computation complexity, so we support gNB to trigger N CSI(s) in dynamic way, which can reduce UE complexity. Further, some companies think UE can report L CSI(s) in multiple reporting occasions. We think it may be a little reduce UE complexity since the computation time is prolonged, but the reduction is conservative. There are at least the following options:
· Option-1: UE autonomously select N CSI(s) to report from L sub-configuration(s)
· Option-2: gNB triggers N CSI(s) from L sub-configuration(s) to report in dynamic way
· Option-3: UE reports L CSI(s) in multiple reporting occasion(s), each reporting occasion has N CSI(s)
Any alternative seems changing periodic CSI to aperiodic or semi-persistent CSI. The benefit for using periodic CSI is just avoid overhead of triggering signaling. From our side, we think keeping periodic CSI as it is may be better for maintenance of spec. The additional overhead of SP/AP CSI triggering is not so critical.
Therefore, we think adaptation of periodic CSI report is not supported in R18 NES.
Proposal 2: Adaptation of periodic CSI report is not supported in R18 NES.

1.5 Multiple CSIs compression
In RAN1#112 [2], multiple CSIs compression schemes were proposed as FFS.
	Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.


If we only consider the digital beam which is represented by PMI/RI/CQI, different spatial adaptation patterns may mean different digital beam set. We are not sure the correlation between different digital beam sets, i.e. different spatial adaptation patterns, can be utilized.
Observation 4: Whether the correlation between different digital beam sets, i.e. different spatial adaptation patterns, can be utilized needs carefully study.
If the correlation between different digital beam sets can be utilized, we prefer use it to reduce UE complexity by exploiting the correlation at first. Anyway, Multiple CSIs without compression can be supported as baseline, and multiple CSIs with compression needs to consider UE complexity reduction.
Proposal 3: Multiple CSIs without compression can be supported as baseline, and multiple CSIs with compression needs to consider UE complexity reduction.

Power domain
In RAN1#112 [2], it was agreed to study where/how to configure multiple power offset values between PDSCH and CSI-RS, and whether/how to indicated to UE.
	Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included


In RAN1#112bis-e [3], it was agreed that each CSI-RS resource can be associated with one or more power offset value.
	Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.


With A1-2-power, power domain adaptation can be supported separately from spatial domain adaptation. In our view, A1-1-power is not necessary to be support.
Proposal 4: A1-1-power is not supported.
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Conclusion
We have the following proposals.
Spatial domain:
Proposal 1: Prioritize A1-1-revised.
Proposal 2: Adaptation of periodic CSI report is not supported in R18 NES.
Proposal 3: Multiple CSIs without compression can be supported as baseline, and multiple CSIs with compression needs to consider UE complexity reduction.
Power domain:
Proposal 3: A1-1-power is not supported.
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Appendix
A.1  CSI-RS resource configuration
	CSI-ResourceConfig ::=      SEQUENCE {
    csi-ResourceConfigId        CSI-ResourceConfigId,
    csi-RS-ResourceSetList      CHOICE {
        nzp-CSI-RS-SSB              SEQUENCE {
            nzp-CSI-RS-ResourceSetList  SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId
                                                                                                                            OPTIONAL, -- Need R
            csi-SSB-ResourceSetList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId  OPTIONAL  -- Need R
        },
        csi-IM-ResourceSetList      SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
    },

    bwp-Id                      BWP-Id,
    resourceType                ENUMERATED { aperiodic, semiPersistent, periodic },
    ...,
    [[
    csi-SSB-ResourceSetListExt-r17      CSI-SSB-ResourceSetId                                                  OPTIONAL  -- Need R
    ]]
}


The maximum number of CSI-RS resources is limited in current spec.
	SupportedCSI-RS-Resource ::=     SEQUENCE {
    maxNumberTxPortsPerResource      ENUMERATED {p2, p4, p8, p12, p16, p24, p32},
    maxNumberResourcesPerBand        INTEGER (1..64),
    totalNumberTxPortsPerBand        INTEGER (2..256)
}



A.2  CSI report configuration
CSI report configuration is defined as follows 38.331-h40.
	CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex                   OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId            OPTIONAL,   -- Need R
    nzp-CSI-RS-ResourcesForInterference     CSI-ResourceConfigId            OPTIONAL,   -- Need R
    reportConfigType                        CHOICE {
        periodic                                SEQUENCE {
            reportSlotConfig                        CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
        semiPersistentOnPUCCH                   SEQUENCE {
            reportSlotConfig                        CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
        semiPersistentOnPUSCH                   SEQUENCE {
            reportSlotConfig                        ENUMERATED {sl5, sl10, sl20, sl40, sl80, sl160, sl320},
            reportSlotOffsetList                SEQUENCE (SIZE (1.. maxNrofUL-Allocations)) OF INTEGER(0..32),
            p0alpha                                 P0-PUSCH-AlphaSetId
        },
        aperiodic                               SEQUENCE {
            reportSlotOffsetList                SEQUENCE (SIZE (1..maxNrofUL-Allocations)) OF INTEGER(0..32)
        }
    },
    reportQuantity                          CHOICE {
        none                                    NULL,
        cri-RI-PMI-CQI                          NULL,
        cri-RI-i1                               NULL,
        cri-RI-i1-CQI                           SEQUENCE {
            pdsch-BundleSizeForCSI                  ENUMERATED {n2, n4}                                         OPTIONAL    -- Need S
        },
        cri-RI-CQI                              NULL,
        cri-RSRP                                NULL,
        ssb-Index-RSRP                          NULL,
        cri-RI-LI-PMI-CQI                       NULL
    },


The maximum number of CSI report configurations is limited in current spec.
	CSI-ReportFramework ::=                         SEQUENCE {
    maxNumberPeriodicCSI-PerBWP-ForCSI-Report       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForCSI-Report      INTEGER (1..4),
    maxNumberSemiPersistentCSI-PerBWP-ForCSI-Report INTEGER (0..4),
    maxNumberPeriodicCSI-PerBWP-ForBeamReport       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForBeamReport      INTEGER (1..4),
    maxNumberAperiodicCSI-triggeringStatePerCC      ENUMERATED {n3, n7, n15, n31, n63, n128},
    maxNumberSemiPersistentCSI-PerBWP-ForBeamReport INTEGER (0..4),
    simultaneousCSI-ReportsPerCC                    INTEGER (1..8)
}

CSI-ReportFrameworkExt-r16 ::=                      SEQUENCE {
    maxNumberAperiodicCSI-PerBWP-ForCSI-ReportExt-r16   INTEGER (5..8)
}



