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Introduction
In RAN#98-e, a new work item on network energy saving in NR was agreed [1]. 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

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]



In this contribution, we discuss 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 
The spatial filter is used for the mapping between CSI-RS antenna ports and TxRUs. Then, adaptation of spatial elements can be equivalently described by antenna ports adaption. 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 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 [4].  
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[bookmark: _Ref126774288]Figure 1: Antenna ports adaptation
 NR supports the antenna configuration of 4, 8, 12, 16, 24 and 32 antenna ports, which corresponds to mapping to different TxRUs patterns [3]. 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. The system level simulation is used to evaluate the dynamic antenna adaptation scheme with different number of active TxRUs as follows.
· Baseline system configuration : gNB with 64 TxRU
· Dynamic antenna 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.
· [bookmark: _Hlk127255650]gNB could achieve major network energy saving gain with the adaptation from 64 TxRU to 32TxRU 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 thenumber 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 [4] 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 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 TxRU dynamic adaptation under different system loads
	Load scenario
	Saptial ES scheme(TxRU reduction)
	ES gain
	UPT loss
	Latency loss
	Evaluation assumption 

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

	
	16 TxRU
	9.1%
	0.92%
	1.4%
	

	
	8 TxRU
	10.1%
	1.7%
	2.8%
	

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

	
	16 TxRU
	15.5%
	1.9%
	2.9%
	

	
	8 TxRU
	16.8%
	2.9%
	4.4%
	

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

	
	16 TxRU
	21.1%
	3.4%
	5.3%
	

	
	8 TxRU
	23.2%
	5.0%
	8.2%
	


[bookmark: _Ref126945372]
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)



For NR, up to 32 CSI-RS antenna ports are supported for FD-MIMO. The CSI acquisition and the configuration of CSI report are based on the configured number of the CSI-RS antenna ports. Therefore, 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 muting
The dynamic adaptation of spatial elements/the number of CSI-RS antenna port for Rel-18 UE CSI measurements and report should be discussed. In practice, some CSI-RS antenna ports will be turned off by gNB 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 elements adaptation is configured to Rel-18 UE for the support of the extended CSI measurement/report of the configured number and the subset of CSI-RS antenna ports, high layer and additional L1 signaling could be supported to indicate the CSI-RS resource and CSI-RS antenna ports muting information based on the granularity of the row/column of antenna array. Furthermore, some spatial elements adaptation patterns cannot be flexibly configured for the legacy CSI-RS resource configuration framework. Spatial elements adaptation pattern information could also be used for the CSI measurement/report enhancement, which will described in section 2.2. Therefore, the signaling control of spatial elements adaptation pattern information should be specified for Rel-18 UE. For legacy UE, CSI-RS resource configuration and CSI report framework can be reused for support of spatial elements adaptation through gNB implementation for network energy saving.
Proposal 2: Spatial elements/antenna ports adaptation pattern information should be specified for Rel-18 UE.

Dynamic antennas adaptation could provide energy saving gain but also could degrade the UE reception of DL common control channels, e.g., SSB/SIB/one-port CSI-RS significantly, which are designed for coverage. To avoid performance loss of cell coverage/RMM measurement for RRC CONNECTED/IDLE mode UEs, the Tx power of each TxRU for common control channels/signals should be adapted to the number of TxRUs dynamically.  To ensure same coverage of common control channel with spatial elements adaptation, another approach is to maintain 64 active TxRUs. This could reduce the network energy saving performance significantly without performing TxRU OFF during PDSCH transmission. 
Proposal 3:  Coverage of common control channels with spatial elements adaptation should remain the same by the adjustment of Tx power of each TxRU when the number of TxRUs change.

Enhancement of CSI measurement and report 
CSI measurement/report 
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 adaptation in achieving the network energy saving.
For the CSI enhancement for 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 3, 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 24ports) 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: _GoBack]
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[bookmark: _Ref127085824]Figure 3: Nested CSI-RS resources
Observation 2: When one NZP CSI-RS resource with nested structure is configured to the UE, no redundant NZP CSI-RS are transmitted, which is beneficial for reduction of system overhead, configuration signaling and network energy consumption. 
Observation 3: Multiple CSI reports associated with one NZP CSI-RS resource could be fed back to gNB by UE simultaneously.
Proposal 4: UE should be configured to perform multiple CSI measurement for each NZP CSI-RS resource. 
Proposal 5: Multiple CSI reports associated with one NZP CSI-RS resource should be specified for Rel-18.
CSI and 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 6: Multiple beam management functions could be performed with each BM function associated with one TxRU set.
Dynamic signaling indication 
When multiple CSI reports are fed back with each CSI associated with one pattern of antenna ports, the UCI overhead/UL resources will increase with the addition of UE power consumption. If dynamic antenna ports adaptation was supported, the CSI measurements and reports could be selected based on the selective NZP CSI-RS muting patterns indicated to the UE for improvement of link adaptation performance and reduction of the CSI report overhead. UE should perform CSI measurement/report based on resource setting with dynamic antenna port adaptation indication. The 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 aperiodic CSI trigger state could be associated with one or multiple CSI-ReportConfig Report Settings where each Report Setting is linked to a resource setting associated with a NZP CSI-RS ports or a given subset. 
It is also noted that dynamic antenna 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. 
Observations 4: Dynamic NZP CSI-RS ports adaptation information is beneficial for reduction of CSI measurement/report of the UE.
Proposal 7: The selected number of NZP CSI-RS ports information for spatial adaptation should support the UE-specific dynamic signaling to reduce the overhead of CSI report.

Power domain energy saving
According to WID, adaptation of power offset values between PDSCH and CSI-RS will be specified. To support dynamic adjustment of power offset values between PDSCH and CSI-RS, there are two alternatives as follows:
Alt.1: Dynamic adjustment of transmission power of PDSCH 
Alt.2: Dynamic adjustment of transmission power of CSI-RS
The dynamic allocation of PDSCH transmission power is an gNB’s implementation issue. The high layer parameter powerControlOffset is configured for the UE to assist to assign MCS of the scheduled PDSCH transmission which the link adaptation performance would be degraded for dynamic adaptation of transmission power of PDSCH. More powerControlOffset value candidates could provide flexible power offsets between PDSCH and CSI-RS.
The CSI-RS power is derived based on CSI-RS power offset in relation to the SSB power, i.e., powerControlOffsetSS. Dynamic adjustment of transmission power of CSI-RS could also provide multiple power offset values between CSI-RS and SSB to support dynamic adaptation of CSI-RS antenna port since the SSB power should remain the same to maintain the same coverage area regardless the number of the active antenna elements. Therefore, another scheme could be considered that each CSI-RS resource is configured with more than one power offset to the SSB based on spatial elements 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). With dynamic adaptation of spatial elements/CSI-RS ports, the related CSI-RS power offset and PDSCH power offset would be dynamically adjusted for the UE, which is beneficial for the design of unified framework for spatial and power domain techniques. 
When the UE is indicated the spatial elements adaptation information through RRC signalling/dynamic signalling, powerControlOffsetSS could be updated according to different spatial elements muting pattern configurations. Considering  multiple powerControlOffsetSS values are associated with multiple CSI report, additional enhancement  on powerControlOffset value is not needed for feedback overhead reduction purpose.
Proposal 8: The same framework for dynamic adaption of spatial domain and power domain should be supported. Each CSI-RS resource should be configured with more than one power offset relative to the SSB based on spatial elements adaptation patterns.
Proposal 9: With configuration of multiple powerControlOffsetSS values associated with different spatial element 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 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.
Proposal 2: Spatial elements/antenna ports adaptation pattern information should be specified for Rel-18 UE.
Proposal 3:  Coverage of common control channels with spatial elements adaptation should remain the same by the adjustment of Tx power of each TxRU when the number of TxRUs change.
Observation 2: When one NZP CSI-RS resource with nested structure is configured to the UE, no redundant NZP CSI-RS are transmitted, which is beneficial for reduction of system overhead, configuration signaling and network energy consumption. 
Observation 3: Multiple CSI reports associated with one NZP CSI-RS resource could be fed back to gNB by UE simultaneously.
Proposal 4: UE should be configured to perform multiple CSI measurement for each NZP CSI-RS resource. 
Proposal 5: Multiple CSI reports associated with one NZP CSI-RS resource should be specified for Rel-18.
Proposal 6: Multiple beam management functions could be performed with each BM function associated with one TxRU set.
Observations 4: Dynamic NZP CSI-RS ports adaptation information is beneficial for reduction of CSI measurement/report of the UE.
Proposal 7: The selected number of NZP CSI-RS ports information for spatial adaptation should support the UE-specific dynamic signaling to reduce the overhead of CSI report.
Proposal 8: The same framework for dynamic adaption of spatial domain and power domain should be supported. Each CSI-RS resource should be configured with more than one power offset relative to the SSB based on spatial elements adaptation patterns.
Proposal 9: With configuration of multiple powerControlOffsetSS values associated with different spatial element adaptation patterns, additional enhancement on powerControlOffset value is not needed for feedback overhead reduction purpose.
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