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Introduction
In RAN#98-e, the following was agreed to specify NES techniques in spatial and power domains [1] .
	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



In this contribution, we discuss design of network energy saving techniques in spatial and power domain.

Spatial domain energy saving
With adaptation of spatial elements, significant network energy saving gains are observed for low, light and medium system loads in TR38.864 [2]. gNB is able to  adapt the number of spatial elements for PDSCH transmission in current specification dynamically/semi-statically. CSI-RS configuration, measurement and report enhancement are discussed below for support of spatial element adaptation.

Dynamic adaptation of spatial elements 
Number of adaptation of TxRUs
For the adaptation of TxRUs, the dynamic change of the number of TxRU would impact on the system performance. The network energy saving gain and system performance loss is captured in TR 38.864 [2]. The system level simulation is used to evaluate the dynamic spatial domain adaptation scheme with different number of active TxRUs as follows,
· Baseline system configuration: gNB with 64 TxRUs
· Dynamic spatial domain adaptation scheme: gNB dynamic adaptation of the number of TxRU from 64TxRUs to 32, 16 and 8 TxRUs with associated CSI report of different number of TxRUs for link adaptation.
The evaluation result of network energy saving for dynamic antenna adaptation is shown in Table 1. From the evaluation results, we could observe that:
· With dynamic TxRUs adaptation (32/16/8 TxRUs) by turning off some TxRU chains, the gNB could obtain {6.9%, 9.1%, 10.1%}, {12.3%, 15.5%, 16.1%} and {19.6%, 21.1%, 23.2%} NES gain for low, light and medium system loads respectively.
· gNB with 64 TxRUs could achieve major network energy saving gain with the adaptation from 64 TxRUs to 32TxRUs and very sharply decremental energy saving gain (about 2%~3% in addition) is observed with the adaptation from 32 TxRUs to 16 TxRUs due to  the smaller reduction of the number of TxRUs and further reduction of link adaptation gain. In addition, some legacy UEs as Table 2 could heavily degrade the link adaptation gain due to not supporting multiple CSI measurement/reports on the configured number of TxRUs with multiple subsets of TxRUs configurations simultaneously [5] to achieve the desired link adaptation gain with dynamic adaptation of TxRUs. Therefore, the dynamic adaptation of TxRUs should be specified selectively with consideration of the network energy gain and the overhead of the CSI reports in achieving the link adaptation gain, e.g., to specify 64 to 32 TxRUs only in Rel-18.
Observation 1: gNB could get the network energy saving gain mainly with the adaptation of TxRUs from 64 TxRUs to 32TxRUs and diminished energy saving gain with the adaptation from 32 TxRUs to 16 TxRUs.
Proposal 1: The dynamic selected number of adaptation of TxRUs should be specified selectively with consideration of the network energy gain and the overhead of the CSI reports in achieving the link adaptation gain.

[bookmark: _Ref126776405]Table 1: The energy saving gain of the gNB with TxRUs dynamic adaptation under different system loads
	Load scenario
	Spatial ES scheme(TxRU reduction)
	ES gain
	UPT loss
	Latency loss
	Evaluation assumption 

	
Low Load
(9% RU)
	32 TxRUs
	6.9%
	1.50%
	2.50%
	SLS;
Baseline:64 TxRU without TxRU reduction;
FTP3 traffic model;
SSB periodicity 20ms; 
CSI-RS/TRS 10ms.

	
	16 TxRUs
	9.1%
	0.92%
	1.4%
	

	
	8 TxRUs
	10.1%
	1.7%
	2.8%
	

	Light Load
(16% RU)
	32 TxRUs
	12.3%
	1.6%
	2.50%
	

	
	16 TxRUs
	15.5%
	1.9%
	2.9%
	

	
	8 TxRUs
	16.8%
	2.9%
	4.4%
	

	Medium Load
(34% RU)
	32 TxRUs
	19.6%
	1.8%
	2.60%
	

	
	16 TxRUs
	21.1%
	3.4%
	5.3%
	

	
	8 TxRUs
	23.2%
	5.0%
	8.2%
	


[bookmark: _Ref126945372]
[bookmark: _Ref131517459]Table 2: UE capability for CSI-Report
	       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),
    maxNumberSemiPersistentCSI-PerBWP-ForBeamReport INTEGER (0..4),
    simultaneousCSI-ReportsPerCC                    INTEGER (1..8)



Spatial domain elements adaptation pattern 
Antenna port virtualization is used for the mapping between CSI-RS antenna ports and TxRUs. Based on different antenna port virtualization structures, two types of spatial domain elements adaptation are proposed to be supported in RAN1#112bis-e [3].
	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



Type-1 spatial domain adaptation can be equivalently described by antenna ports adaptation. As shown in Figure 1, multiple antenna arrays with the combination of different antenna elements can be achieved by shutting off one-dimension antennas of antenna array of 32 antenna ports. N1, N2 is determined by the number of antenna elements in horizontal and vertical direction which is configured with the higher layer parameter n1-n2 [5]. NR supports the antenna configuration of 4, 8, 12, 16, 24 and 32 antenna ports, which corresponds to mapping to different TxRUs patterns [6]. The more that spatial TxRUs/antenna ports mapping patterns could provide the network more flexibility in adapting the number of Tx antenna for network energy saving.

[image: ]
[bookmark: _Ref131516749]Figure 1: Antenna ports adaptation

For NR, CSI acquisition and the configuration of CSI report are based on the configured number of the CSI-RS antenna ports. For Type-1 spatial elements adaptation, the network energy saving with the dynamic ON/OFF of RF chains will have the results of reducing number of antenna ports for spatial multiplexing, which implies the decrease of the spatial multiplexing capability. As shown in Figure 2, 8 CSI-RS ports within antenna array (N1=4, N2=3) aggregated by 6 CDM-4 groups are muted because some RF chains are dynamically shut off. To support fast activation of muted antenna ports, only micro sleep could be performed for closed RF chains. 
[image: ]

[bookmark: _Ref126919788]Figure 2: CSI-RS antenna ports adaptation based on row muting
In practice, partial CSI-RS antenna ports will be turned off by the gNB for Type-1 spatial domain adaptation to achieve network energy saving based on the granularity of the row/column of the two-dimensional antenna array as shown in Figure 2. If spatial domain adaptation is configured to Rel-18 UE for the support of the extended CSI measurement/report of the configured number of CSI-RS antenna ports and the associated subset of CSI-RS antenna ports, high layer signaling and additional L1 signaling could be used to indicate the CSI-RS resource and antenna ports pattern based on the mapping of the row/column of antenna array to the antenna ports. 
Proposal 2: For spatial domain adaptation with Type-1 spatial domain adaptation, the pattern of CSI-RS antenna ports should be configured to UE based on the mapping of the row/column of antenna array to the antenna ports. 

An example of the mapping between two-dimension antenna elements and CSI-RS antenna ports are shown in Figure 2. The antenna elements adaptation patterns would be implementation specific. An example of column based muting pattern to have the TxRUs associated with the whole column turning off is shown in Figure 3.  
[image: ]
[bookmark: _Ref131517873]Figure 3: CSI-RS antenna ports adaptation based on column muting

The spatial domain adaptation with Type-2 antenna elements mapping does not change the number of antenna ports but it would adjust antenna port virtualization weight which could impact the characteristics of the transmission waveform, e.g., wider beam width.  For Type-2 spatial domain adaptation, the design of spatial adaptation pattern should consider the different subsets of MIMO codebook when the number of TxRUs changes.
Spatial domain adaptation pattern would need the CSI measurement/report enhancement to achieve the link adaptation, which will describe in section 2.2.

Common control channels with spatial domain adaptation 
Dynamic spatial domain adaptation could provide energy saving gain but also degrade the cell coverages of DL common control channels/signals, e.g., SSB/SIB/CSI-RS, which the coverage is impacted by turning off some TxRUs.    To avoid reducing the cell coverage, the Tx power of each TxRU for common control channels/signals should be dynamically adjusted based on the number of TxRUs turning OFF. To ensure same coverage of common control channel with spatial domain adaptation, another approach is to maintain all TxRUs in active state for common control channels/signals transmission. This could reduce the network energy saving performance without performing TxRU OFF during PDSCH transmission.
Proposal 3:  Coverage of common control channels/signals with spatial domain adaptation should remain the same.

Enhancement of CSI measurement and report 
CSI-RS resources configuration enhancement 
CSI is the short-term channel state information, which consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), layer indicator (LI), and rank indicator (RI), etc. Each NZP CSI-RS resource is configured with the specific number of CSI-RS antenna port for CSI measurement and report.  Multiple NZP CSI-RS resources could be configured for different number of CSI-RS antenna port with different spatial element adaptation patterns and transparent to the UE. CSI measurement and report should be enhanced for the dynamic spatial domain adaptation in achieving the network energy saving. 
For the mapping of CSI-RS resource and spatial adaptation pattern, the following was agreed in RAN1#112bis-e for CSI-RS resource configuration enhancement [3].

	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.

Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of spatial domain adaptation A1-1-revised and A1-2-revised are applicable for

Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports



With each CSI-RS resource associated with only one spatial adaptation pattern, legacy CSI framework can be reused for the support of spatial domain adaptation. However, configuration of multiple NZP CSI-RS resources is needed to support CSI measurement/report for multiple spatial adaptation patterns for the alternative A1-1-revised. The configuration of alternative A1-1-revised could have the results of additional system overhead of configuring multiple CSI-RS resources. The change of RF characteristics caused by Type-2 spatial domain adaptation could affect the beam direction and beam width of the CSI-RS resource. Each CSI-RS resource should be configured and associated with one antenna pattern for spatial domain adaptation. Therefore, for Type-2 spatial domain adaptation, each CSI-RS resource can be associated with only one spatial adaptation pattern.
Proposal 4: For Type-2 spatial domain adaptation, at least alternative A1-1-revised should be specified that each CSI-RS resource is configured and associated with only one spatial adaptation pattern.

For periodic and semi-persistent CSI-RS Resource configuration for channel measurement in current specification, the number of CSI-RS Resource Sets configured is limited to S=1 and all CSI-RS resources in a CSI-RS resource set should be configured with the same density and number of antenna ports. For semi-persistent or periodic CSI report, each CSI-ReportConfig is linked to only one periodic or semi-persistent Resource Setting(s) for channel measurement. Therefore, with each CSI-RS resource associated with only one spatial antenna pattern for Type-1 spatial domain adaptation, each CSI-RS resource configured with different number of antenna ports should be linked to different CSI-ReportConfig. Furthermore, separated CSI-ReportConfigs are needed for CSI (CQI, PMI, LI, etc.) measurement, beam measurement (L1-RSRP, L1-SINR), and IM measurement. Type-1 spatial domain adaptation with one spatial adaptation pattern associated with only one NZP CSI-RS resource based on current UE ability. The enhancement of CSI-RS configured is still needed to remove the restriction of same density and number of antenna ports for the CSI-RS resource set. Therefore, the CSI-RS resource configuration in alternative Al-2-revised fits better for Type-1 spatial element adaptation than that of alternative A1-1-revised.
However, the CSI-RS resource configuration in alternative A1-1-revised could provide more flexibility in configuration for gNB. If alternative A1-1-revised would be supported, the restriction of the CSI-RS resource set configuration with the same number of antenna ports for Type-1 spatial domain adaptation should be removed.
Proposal 5: At least alternative Al-2-revised with each CSI-RS resource linked to one or more spatial adaptation patterns is used for Type-1 spatial domain adaptation.
Two potential options of CSI-RS resource configuration could be used for the alternative A1-2-revised: one CSI-RS resource associated with one or more antenna patterns, including nested NZP CSI-RS resources configuration, and precoded CSI-RS resource configuration.
· Option 1: Nested NZP CSI-RS resources configuration
For the CSI enhancement for Type-1 spatial adaptation of network energy saving, one NZP CSI-RS resource could be configured to associate with multiple spatial elements patterns for Rel-18 UE to perform the CSI measurements of the full and subset of CSI-RS antenna ports for each NZP CSI-RS resource. As shown in Figure 4, two antenna ports muting patterns are configured for one 32 antenna ports periodic/SPS CSI-RS resource through high layer signaling. Rel-18 UE could perform multiple CSI measurements and reports (e.g., 32 ports, 16 ports and 24 ports) for one NZP CSI-RS resource based on muting patterns indication.  As the NZP CSI-RS resource with nested structure is configured to the Rel-18 UE, no redundant NZP CSI-RS are needed to be transmitted, which is beneficial for reduction of system overhead, configuration signaling and network energy consumption. Multiple CSI reports associated with one NZP CSI-RS resource could be fed back to gNB by UE simultaneously. Considering the increase number of CSI reports, the overhead reduction of CSI report based on the nested CSI-RS structure could be further considered.  For legacy UE, nested NZP CSI-RS resources can be configured to gNB with reuse of current CSI framework. 
[bookmark: _Ref127085824][image: ]
[bookmark: _Ref131323997]Figure 4: Nested CSI-RS resources
Observation 2: Multiple CSI reports associated with one NZP CSI-RS resource could be fed back to gNB by UE simultaneously.
Proposal 6: UE should be configured to perform multiple CSI measurements from each NZP CSI-RS resource for Type-1 spatial domain adaptation. 

· Option 2: Precoded CSI-RS resource configuration
Another potential option for CSI-RS resource configurations is precoded CSI-RS, which could be used to emulate different antenna ports as enhancement of CSI-RS resource configuration. In gNB side, taking 32 antenna ports as an example, the CSI-RS resource with 32 spatial antenna ports could be configured to UE. When the gNB turning the number of TxRUs for the spatial domain adaptation, the number of antenna ports for Type-1 antenna mapping or the characteristic of the transmission waveform would change accordingly. The precoded CSI-RS is to emulate the transmission waveform or the number of the number port of full set of TxRUs when parts of TxRUs are turned off.   The UE could perform CSI measurement based on the precoded CSI-RS for 32 antenna ports or emulated 16 antenna ports.  As illustration in Figure 5, precoded matrix 1 for CSI-RS is used to 32 antenna ports and precoded matrix 2 for CSI-RS is used to 16 antenna ports. 
[image: ]
(a) CSI-RS with precoded matrix of 32 antenna ports for UE to perform 32 antenna ports CSI measurement and report

[image: ]

(b) CSI-RS with precoded matrix of 16 antenna ports for UE to perform 16 antenna ports CSI measurement and report
[bookmark: _Ref131515514]Figure 5: Illustration of 32 antenna ports CSI-RS with different precoded matrix
From the above figure, it could be observed that precoded CSI-RS could use one CSI-RS resource to emulate different spatial antenna ports/patterns. 
Proposal 7: Precoded CSI-RS to emulate different antenna ports could be applied to CSI enhancement for both Type-1 and Type-2 spatial domain adaptations.
Based on the discussion aforementioned, the working assumption about the alternatives A1-1-revised and A1-2-revised of CSI-RS resource configurations should be confirmed, i.e., both alternatives A1-1-revised and A1-2-revised for NZP CSI-RS resource(s) for channel measurement should be supported. 
Proposal 8: The working assumption of alternatives A1-1-revised and A1-2-revised of CSI-RS resource configuration should be confirmed, i.e., both alternatives A1-1-revised and A1-2-revised for NZP CSI-RS resource(s) for channel measurement should be specified.

CSI report enhancement
 
For spatial domain adaptation based CSI report enhancement, the following was agreed in RAN1#112bis-e meeting for CSI-RS report [3].
	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


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

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 spatial domain 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 spatial domain adaptations, further study under which cases sub-configurations may or may not be needed including sub-configuration content.



For Type-1 spatial domain adaptation, when one NZP CSI-RS resource with nested structure is associated with one or more spatial adaptation patterns, one or more  sub-configurations of CSI report where each sub-configuration of CSI report is associated with one spatial adaptation pattern could be included in one CSI report configuration and could be fed back to gNB by UE simultaneously. With each NZP CSI-RS resource corresponding to only one spatial adaptation pattern, one or more NZP CSI-RS resources with the same density and number of ports contained in one NZP CSI-RS resource set could be associated with one CSI report configuration. Then, for Type-2 spatial adaptation, one or more sub-configurations of CSI report could be included in CSI report configuration. 
Proposal 9: One or more sub-configuration of CSI report could be included in CSI report configuration for Type-1 spatial domain adaptation with each CSI-RS resource associated with one or more spatial adaptation patterns or Type-2 spatial domain adaptation with each CSI-RS resource associated with only one spatial adaptation pattern.

When one CSI report configuration contains multiple sub-configurations of CSI report, report overhead of UCI overhead could be reduced based on proper configuration of report quantities and appropriate selection of sub-CSI report. The UE selected CSI report is the report of the best CSI information for the UE to achieve link adaptation. Therefore, gNB indication of the selected CSI (s) reports should be supported. For example, gNB can instruct UE to measure/report N number of CSI reports out of total L number of CSI reports corresponding to L spatial domain adaptations. For example, gNB could configure N sub-configurations from L sub-configurations by RRC signalling. Then UE reports N number of CSI report with each associated with one sub-configuration based on gNB indication and predefined rules. As another example, the dynamic signalling indication of DCI or MAC-CE could also be used to trigger/indicate/activate report N sub-configurations. 
The report quantity in each CSI report sub-configuration can be configured separately, e.g., shared report quantity among multiple spatial adaptation patterns could be configured in one CSI report sub-configuration which is based on implementation of gNB. 
Proposal 10: gNB indication to UE on the selected CSI report (s) should be supported.
Proposal 11: The RRC signalling or dynamic signalling indication of N sub-confirmations of CSI report could be supported.

Configuration parameters of CSI report sub-configuration associated with different spatial domain adaptation patterns are agreed for Type-1 spatial domain adaptation with some remaining issues FFS. For Type-1 spatial domain adaptation, the following parameters could be further considered in configuration of spatial domain adaptation.
The parameters of each sub-configuration N1 and N2 are used to determine the antenna array dimension for single-panel. And the parameters of each sub-configuration N1, N2 and Ng are used to determine the antenna array dimension for multiple-panel. Therefore, the parameters of each sub-configuration N1, N2 and Ng should be explicit indicated by RRC signaling. In current Rel-17 specification, the high layer parameters of n1-n2 and ng-n1-n2 configured by RRC signaling include multiple bitmaps which provide the N1, N2, Ng and codebook subset restriction information. 
Proposal 12: The N1, N2, Ng should be configured by explicit indication.

In order to obtain the CSI feedback corresponding to the gNB specified MIMO ranks, gNB can configure the rank restriction associated with the codebook in CodebookConfig by RRC signaling in Rel-17.  The spatial domain adaptation has results of different TxRU configurations. The TxRU configurations are associated with different antenna element pattern. Each antenna element pattern is associated with one CSI report sub-configuration. Each sub-configuration should be corresponding to different rank value and rank restriction. So Rel-18 should support the rank restriction for each sub-configuration. 
Proposal 13: The rank restriction of each sub-configuration needs to be configured in each antenna pattern for dynamic spatial domain adaptation.

For Type-1 spatial domain adaptation, spatial domain adaptation indicator could be used for supporting CSI report enhancement. For Type-1 spatial domain adaptation, the active antenna port indexes corresponding to the spatial adaptation pattern is changed. 
· If alternative A1-1-revised of CSI-RS resource configuration could be supported for Type-1 spatial domain adaptation, each CSI-RS resource could be configured for one spatial adaptation pattern.  Each CSI report could include sub-configuration of a CRI associated with spatial adaptation pattern as spatial domain adaptation indicator and active antenna port indicator. Meanwhile, group identity of NZP CSI-RS resource(s) in a resource set for channel measurement for alternative A1-1-revised is unnecessary to be configured in sub-configuration of CSI report. Therefore, the CRI associated with spatial adaptation pattern could be used. 
· If alternative A1-2-revised could be supported for Type-1 spatial domain adaptation, one CSI-RS resource could be configured for one or more spatial adaptation patterns. Each spatial adaptation pattern could be associated with one sub-configuration in the CSI report. In this case, each sub-configuration could include one spatial domain adaptation indicator associated with one spatial adaptation pattern in the CSI report. Furthermore, each spatial domain adaptation indicator could include parameters of one spatial adaptation pattern and one power offset between CSI-RS and PDSCH.
Proposal 14: For alternative A1-1-revised of CSI-RS resource configuration, CRI associated with spatial adaptation pattern for each sub-configuration as spatial domain adaptation indicator and active antenna port indicator could be supported in the CSI report. 

[bookmark: _Hlk131726594]At last, for the codebook subset restriction, due to the adaptation of the antenna pattern, the characteristic of the transmission beam or the number of antenna ports change when the antenna pattern changes. For Type-1 spatial element adaptation, the number of antenna port based beam is reduced. For Type-2 spatial antenna pattern, the characteristic of DL transmission waveform changes. The selected codebook subsets might be different when the antenna patterns change. The codebook subset restriction parameters might need to be configured in each sub-configuration for each antenna pattern for dynamic spatial domain adaptation. 
Proposal 15: The codebook subset restriction parameters need to be configured in each sub-configuration for each antenna pattern for dynamic spatial domain adaptation.

Dynamic signaling indication 
In RAN1#112, whether/how to inform UE on spatial adaptation pattern update was discussed and the corresponding agreement is as follows [6]. 
	Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



The enhancement of the CSI reports for different antenna pattern for spatial domain adaptation is to allow the gNB to schedule the DL PDSCH transmission with different antenna patterns dynamically to achieve the network energy saving.  The transition time of the spatial domain adaptation should be transparent to the UE since UE does not need to re-tuning any receiver components before reception. Thus, there is no transition time for the antenna pattern change in the spatial domain adaptation.  
Proposal 16:  From the UE perspective, there is no transition time for the antenna pattern change in the spatial domain adaptation.  

The number of antenna port or the characteristics of the signal waveforms changes when the antenna pattern changes.  The UE needs to know the exact number of the transmission antenna for the MIMO channel state estimation when the spatial domain adaptation changes the number of antenna ports.  The L1-signaling indication of antenna pattern is essential to be included in the DCI format when spatial domain adaptation is performed with the number of Tx antenna changes with different antenna pattern.  This will allow the UE to estimate the MIMO channel for the PDSCH reception when the number of Tx antenna changes for the spatial domain adaptation.  
Proposal 17: The L1-signaling indication of antenna pattern is essential to be included in the DCI format when spatial domain adaptation is performed with the number of Tx antenna changes with different antenna pattern.

In RAN1#112bis-e, semi-persistent/aperiodic CSI reporting with was discussed with  further study on enchantments of current DCI and MAC-CE mechanism as follows[3].
	Agreement
For Semi-persistent/Aperiodic CSI reporting with, study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.



The semi-persistent or aperiodic CSI report mechanism could be used for the support of simultaneous multiple CSI reports associated with different patterns of antenna ports, e.g., each semi-persistent or aperiodic CSI trigger state could be associated with one (semi-persistent) or multiple (aperiodic) CSI-ReportConfig Report Settings where each CSI Report Setting is linked to a resource setting associated with one or more spatial adaptation patterns. By dynamic signaling indication of sub-configuration associated with spatial adaptation pattern of CSI report, gNB could get its desired and accurate CSIs associated with spatial adaptation pattern without substantially increasing the overhead of CSI report. UE would perform semi-persistent CSI report on PUSCH based on spatial adaptation pattern update indication in DCI.  
Proposal 18: Spatial adaptation pattern update based on aperiodic and semi-persistent CSI measurement/report should be supported with UE-specific dynamic signaling to get gNB’s desired and accurate CSIs without substantially increasing the overhead of CSI report.

When periodic NZP CSI-RS resources associated with one or more spatial patterns is linked to CSI report configuration with higher layer parameter reportConfigType set to 'periodic', periodic CSI report could provide averaged channel characteristic over long term CSI measurement for effective data scheduling of gNB. On the other hand, the number of TxRUs for periodic CSI-RS resource should not be dynamic changed to avoid heavy L1 signaling overhead and the significant increase of scheduling latency.  Therefore, dynamic spatial adaptation pattern update should not be applied to periodic CSI report configuration.
It is also noted that dynamic spatial domain adaptation might degrade performance of legacy UE as antenna adaptation information could be indicated to legacy UEs semi-statically through RRC reconfiguration. Legacy UE could perform channel measurement/report based the assumption of e.g., 64TxRUs and gNB could determine accurate precoding matrix based on actual spatial elements adaptation patterns with gNB’s implementation. 
Proposal 19: Dynamic spatial adaptation pattern update should not be applied to periodic CSI report configuration.

Beam management 
When 1 or 2 ports NZP CSI-RS resource is associated with the CSI-ReportConfig with reportQuantity set to 'cri-RSRP', 'cri-SINR', CSI framework is used for beam measurement operation. If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'ssb-Index-RSRP'/'ssb-Index-SINR', the UE shall perform beam measurement based on SSB. As CSI report related report quantity (CQI, PMI, LI, RI) cannot be configured with L1-SINR/L1-RSRP simultaneously, beam management related procedures and CSI related procedures should be associated with different CSI report settings. 
SSB or NZP CSI-RS shall be mapped to all antenna elements of the configured number of TxRUs, and transmitting power and/or beam direction of RS might be changed with spatial elements adaptation. To reduce of system overhead, the UE-specific configuration of the NZP CSI-RS resources for beam measurement could share to all the UEs in the cell.   The coverage of NZP CSI-RS with spatial elements adaptation should be maintained. 
Beam selection for DL transmission might be relative to the number of ports of NZP CSI-RS resources used for beam measurements. Similar to CSI measurement/report enhancement described in section 2.2.1, multiple beam management functions could be performed with each BM function associated with one set of TxRUs with different number of active TxRUs. Rel-18 UE could be configured to perform multiple L1-SINR/L1-RSRP measurements for each NZP CSI-RS resource with two ports based on spatial elements patterns and multiple beam measurements related CSI reports associated with one CSI-RS resource could be fed back to gNB. 
Proposal 20: Multiple beam management functions could be performed with each BM function associated with one TxRU set.

Power domain energy saving
According to RAN1#112bis agreements, the adaptation of power offset values between PDSCH and CSI-RS need to be further discussed [3].
	Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed

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.



For the adaptation of power offset values between PDSCH and CSI-RS, the power offset value signaling could be reuse legacy Rel-17 configuration by means of IE NZP-CSI-RS resource with RRC singling powerControlOffset. According to the CSI-RS resource configuration association with power offset value, it could configure one or more power offset values in each CSI-RS resource configuration parameters. When periodic NZP CSI-RS resource associated with one or more powerControlOffset values is linked to CSI report configuration with higher layer parameter reportConfigType set to 'periodic', multiple sub-configurations of CSI report associated with different powerControlOffset values should be reported to gNB.  Dynamic signalling could be used to activate/deactivate semi-persistent CSI report for subset of powerControlOffset values. Dynamic signalling could not be used for dynamic change of powerControlOffset value/subset associated with periodic CSI report configuration.
Proposal 21: With configuration of periodic CSI report setting, multiple sub-configurations of CSI report associated with different powerControlOffset values should be reported to gNB.
Proposal 22: Dynamic signalling could be used to activate/deactivate semi-persistent CSI report for subset of powerControlOffset values but could not be used for dynamic change of powerControlOffset value/subset associated with periodic CSI report configuration.
According to TS 38.331, powerControlOffsetSS is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE which is an existing a high layer parameter included in configurable signalling of NZP CSI-RS resource. With spatial domain adaptation, powerControlOffsetSS should be adjusted correspondingly. Each CSI-RS resource should be configured with one or more power offset relative to the SSB based on spatial adaptation patterns. E.g., one power offset is associated with full set of TxRU(e.g.,64 TxRU configuration). The other power offset values are associated with subset of TxRU(e.g., 32 TxRU configuration). For Type-2 spatial domain adaptation, with each spatial adaptation pattern linked to only one CSI-RS resource, each spatial adaptation pattern should be associated with one powerControlOffsetSS. For Type-1 spatial domain adaptation, when one or more spatial adaptation patterns are associated with only one CSI-RS resource, each CSI-RS resource should be configured with more than one power offset to the SSB based on spatial adaptation patterns. E.g., one power offset is associated with 32 antenna ports and another power offset is associated with 16 antenna ports configuration. 
When the UE is indicated the spatial domain adaptation information through RRC signalling/dynamic signalling, powerControlOffsetSS could be updated according to different spatial elements muting pattern configurations. At least for Type-1 spatial domain adaptation, considering multiple powerControlOffsetSS values linked to only one CSI-RS resource are associated with multiple CSI report, additional enhancement on powerControlOffset value is not needed for feedback overhead reduction purpose.
Proposal 23: Each CSI-RS resource should be configured with one or more power offset relative to the SSB based on spatial elements adaptation patterns.
Proposal 24: With configuration of multiple powerControlOffsetSS values associated with different spatial adaptation patterns, additional enhancement on powerControlOffset value is not needed for feedback overhead reduction purpose.

Conclusion 

In this contribution, network energy saving techniques in spatial and power domain are discussed.  We have the following observations and proposals:
Observation 1: gNB could get the network energy saving gain mainly with the adaptation of TxRUs from 64 TxRUs to 32TxRUs and diminished energy saving gain with the adaptation from 32 TxRUs to 16 TxRUs.
Observation 2: Multiple CSI reports associated with one NZP CSI-RS resource could be fed back to gNB by UE simultaneously.
Proposal 1: The dynamic selected number of adaptation of TxRUs should be specified selectively with consideration of the network energy gain and the overhead of the CSI reports in achieving the link adaptation gain.
Proposal 2: For spatial domain adaptation with Type-1 spatial domain adaptation, the pattern of CSI-RS antenna ports should be configured to UE based on the mapping of the row/column of antenna array to the antenna ports. 
Proposal 3:  Coverage of common control channels/signals with spatial domain adaptation should remain the same.
Proposal 4: For Type-2 spatial domain adaptation, at least alternative A1-1-revised should be specified that each CSI-RS resource is configured and associated with only one spatial adaptation pattern.
Proposal 5: At least alternative Al-2-revised with each CSI-RS resource linked to one or more spatial adaptation patterns is used for Type-1 spatial domain adaptation.
Proposal 6: UE should be configured to perform multiple CSI measurements from each NZP CSI-RS resource for Type-1 spatial domain adaptation. 
Proposal 7: Precoded CSI-RS to emulate different antenna ports could be applied to CSI enhancement for both Type-1 and Type-2 spatial domain adaptations.
Proposal 8: The working assumption of alternatives A1-1-revised and A1-2-revised of CSI-RS resource configuration should be confirmed, i.e., both alternatives A1-1-revised and A1-2-revised for NZP CSI-RS resource(s) for channel measurement should be specified.
Proposal 9: One or more sub-configuration of CSI report could be included in CSI report configuration for Type-1 spatial domain adaptation with each CSI-RS resource associated with one or more spatial adaptation patterns or Type-2 spatial domain adaptation with each CSI-RS resource associated with only one spatial adaptation pattern.
Proposal 10: gNB indication to UE on the selected CSI report (s) should be supported.
Proposal 11: The RRC signalling or dynamic signalling indication of N CSI report sub-confirmations could be supported.
Proposal 12: The N1, N2, Ng should be configured by explicit indication.
Proposal 13: The rank restriction of each sub-configuration needs to be configured in each antenna pattern for dynamic spatial domain adaptation.
Proposal 14: For alternative A1-1-revised of CSI-RS resource configuration, CRI associated with spatial adaptation pattern for each sub-configuration as spatial domain adaptation indicator and active antenna port indicator could be supported in the CSI report. 
Proposal 15: The codebook subset restriction parameters need to be configured in each sub-configuration for each antenna pattern for dynamic spatial domain adaptation.
Proposal 16:  From the UE perspective, there is no transition time for the antenna pattern change in the spatial domain adaptation.  
Proposal 17: The L1-signaling indication of antenna pattern is essential to be included in the DCI format when spatial domain adaptation is performed with the number of Tx antenna changes with different antenna pattern.
Proposal 18: Spatial adaptation pattern update based on aperiodic and semi-persistent CSI measurement/report should be supported with UE-specific dynamic signaling to get gNB’s desired and accurate CSIs without substantially increasing the overhead of CSI report.
Proposal 19: Dynamic spatial adaptation pattern update should not be applied to periodic CSI report configuration.
Proposal 20: Multiple beam management functions could be performed with each BM function associated with one TxRU set.
Proposal 21: With configuration of periodic CSI report setting, multiple sub-configurations of CSI report associated with different powerControlOffset values should be reported to gNB.
Proposal 22: Dynamic signalling could be used to activate/deactivate semi-persistent CSI report for subset of powerControlOffset values but could not be used for dynamic change of powerControlOffset value/subset associated with periodic CSI report configuration.
Proposal 23: Each CSI-RS resource should be configured with one or more power offset relative to the SSB based on spatial elements adaptation patterns.
Proposal 24: With configuration of multiple powerControlOffsetSS values associated with different spatial adaptation patterns, additional enhancement on powerControlOffset value is not needed for feedback overhead reduction purpose.
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