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1. Introduction
[bookmark: _Hlk101186498]In the WID of R18 NW energy saving [1], the following objectives related to RAN1 are specified:
[bookmark: OLE_LINK899]
· 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

This contribution provides our views on NW energy saving techniques in spatial and power domains. 
2. NW energy saving techniques in spatial domain
From our perspective, the NW energy saving techniques in spatial domain can be categorized into two parts
1. NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)
2. UE side multiple-CSI report enhancement
where 
· “NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)” is used to adapt the number of active antenna ports to achieve NW energy saving
· “UE side multiple-CSI report enhancement” is used to define a CSI report for different number of antenna ports (e.g. 32, 16, 8) based on one CSI-RS resource configuration

Observation 1: NW energy saving techniques in spatial domain can be categorized into two parts
1. NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)
2. UE side multiple-CSI report enhancement
where 
· “NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)” is used to adapt the number of active antenna ports to achieve NW energy saving
· “UE side multiple-CSI report enhancement” is used to define a CSI report for different number of antenna ports (e.g. 32, 16, 8) based on one CSI-RS resource configuration

2.1  NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)
To achieve NW power saving, NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting) requires update of the following configuration:
· nrofPorts in CSI-RS-ResourceMapping

We hence have the following proposal.

Proposal 1: RAN1 to pursue NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting) by update of the following configuration
· nrofPorts in CSI-RS-ResourceMapping
The dynamic/semi-static update can be based on indication of DCI or MAC-CE or RRC configuration.

According to Rel-18 NW saving study, NW can save energy more efficiently with cell-wise spatial elements adaptation. We hence have the following proposal

Proposal 2: To save NW energy more efficiently with cell-wise spatial elements adaptation, for the dynamic/semi-static update of antenna ports in Proposal 1, indicate a cell-wise “maximum number of ports”. For example, it can be indicated through paging signal, or paging early indication (PEI), or SIB-based signal. 

To apply the indicated “maximum number of ports” to CSI-RS resource configuration. We have the following proposal:

Proposal 3: To apply the indicated “maximum number of ports” to a CSI-RS resource configuration, the IE nrofPorts under CSI-RS-ResourceMapping can be configured as a list. The maximum value smaller or equal to the indicated “maximum number of ports” would apply for this CSI-RS resource configuration. For example, if nrofPorts is configured as {8, 16, 32}, and the indicated “maximum number of ports” is 10, then the configuration 8 becomes effective instead of 32.

When the number of antenna ports are reduced due to the antenna ports adaptation (muting), for example, from 32 antenna ports to 8 antenna ports, the selection of subset antenna ports needs to be defined (e.g. which 8 or 24 antenna ports from the 32 antenna ports should be kept or muted). An exemplary 32 ports CSI-RS is shown in Figure 1.

Observation 2: When the number of antenna ports are reduced due to the antenna ports adaptation (muting), for example, from 32 antenna ports to 8 antenna ports, the selection of subset antenna ports needs to be defined (e.g. which 8 or 24 antenna ports from the 32 antenna ports should be kept or muted). An exemplary 32 ports CSI-RS is shown in Figure 1.

[image: ]
Figure 1. An exemplary 32 ports CSI-RS

To address Observation 2, we have the following proposal:

[bookmark: _Hlk127541803]Proposal 4: To address Observation 2, for each element in the list of nrofPorts defined in Proposal 3, further define which subset of antenna ports should be kept/muted. 
· Also, for each element in the list of nrofPorts, further define how other impacted CSI-RS configuration parameters should be changed (or not)
· For example, the parameter nrOfAntennaPorts (which defines the codebook-subset restriction) under CodebookConfig under CSI-ReportConfig can be different for different elements (values) in the list of nrofPorts.

To define which subset of antenna ports should be kept/muted, there can be multiple ways. We have the following proposal 5~7.

Proposal 5: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use an additional bit map in RRC configuration to do the selection. For example, based on Figure 1, when antenna port number is adapted from 32 to 8, a 32-bit bitmap of “11111111000000000000000000000000” indicates port 3000~3007 are kept. 

[bookmark: OLE_LINK248]Proposal 6: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use a RRC configured or pre-defined table to define which antenna ports should be muted or kept, based on the chosen nrofPorts corresponding to indicated “maximum number of ports”.  
· An additional muting indication can be transmitted by DCI or MAC-CE to specify which muting setting would be applied.
· For example, based on Figure 1, when antenna port number is adapted from 32 to 8:
	[bookmark: OLE_LINK241]Contents of the additional muting indication
	Which 8 antenna ports are kept

	00
	Port 3000~3007

	01
	Port 3008~3015

	10
	Port 3016~3023

	11
	Port 3024~3031



[bookmark: OLE_LINK234][bookmark: OLE_LINK246]Proposal 7: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use a pre-defined rule to determine which antenna should be kept or muted. For example, to adapt antenna port number from 32 to 8:
· [bookmark: OLE_LINK232]The corresponding 8 antennas with the lowest port index are kept
· The corresponding 8 antennas with the highest port index are kept
[bookmark: _Hlk127368402]
As for the definition of how other impacted CSI-RS configuration parameters should be changed, as mentioned in Proposal 4, similar approaches in Proposal 5~7 can apply.

Proposal 8: For the definition of how other impacted CSI-RS configuration parameters should be changed when some antennas are muted, as mentioned in Proposal 4, similar approaches in Proposal 5~7 can apply, i.e.
· Pure RRC based indication (ex. using a bitmap)
· RRC configured or pre-defined table with additional indication by DCI or MAC-CE
· Using predefined rule


On top of antenna muting, it is also important that gNB can obtain sufficient information to determine when to turn back ON the muted antenna ports, based on the channel condition of different number of antenna ports. 

Observation 3: On top of antenna muting, it is also important that gNB can obtain sufficient information to determine when to turn back ON the muted antenna ports, based on the channel condition of different number of antenna ports.

To address Observation 3, we have the following proposals:

Proposal 9: NW should transmit CSI-RS without antenna muting occasionally, so UE can measure a complete CSI report to assist gNB assess whether/when to turn back ON the muted antenna ports. 

Proposal 10: For Proposal 9, one possible approach is using RRC configuration to define the occasions/period that NW would transmit CSI-RS without antenna muting.

Another potential solution would be Proposal 10.

Proposal 11: For Proposal 9, one possible approach is to rely on NW to occasionally do a full port (e.g. 32 ports in Figure 1) indication, based on DCI or MAC-CE.
· For example, NW can do a full port indication when the UE reported CSI condition becomes poor or when the cell loading becomes high. 
The full port indication can also be cell-wise, say using paging signal, or paging early indication (PEI), or SIB-based signal.


2.2  UE side multiple-CSI report enhancement
[bookmark: _Hlk127541534]For UE side multiple-CSI report enhancement, the idea is to allow the UE to provide CSI feedback for different port muting patterns based on one CSI-RS resource configuration. To achieve this, the framework of proposals 4~8 can be reused.

Observation 4: To allow the UE to provide CSI feedback for different port muting patterns based on one CSI-RS resource configuration, the framework of proposals 4~8 can be reused.

Proposal 12: For UE side multiple-CSI report enhancement, the IE nrofPorts under CSI-RS-ResourceMapping can be configured as a list. For each element in the list of nrofPorts, further define which subset of antenna ports should be kept/muted by Proposals 5~8. For one element (value) in the list of nrofPorts, one or multiple subsets can be defined for the purpose of multiple-CSI report enhancement.

Proposal 13: NW can use DCI or MAC-CE or RRC configuration to indicate which elements in the list nrofPorts or which subsets under each element of the list nrofPorts should be reported in the CSI report. 

[bookmark: OLE_LINK937]Proposal 14: For the indication mentioned in Proposal 13, another option is it can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.

3 NW energy saving techniques in power domain
For the NW energy saving techniques in power domain, the concept is similar to NW energy saving techniques in time domain. 

Observation 5: NW energy saving techniques in power domain can be categorized into two parts
1. NW side dynamic/semi-static power offset values adaptation
2. UE side multiple-CSI report enhancement
where 
· “NW side dynamic/semi-static power offset values adaptation” is used to adapt the power offset values between different signals to achieve NW energy saving
· “UE side multiple-CSI report enhancement” is used to define a CSI report for different power offset values based on one CSI-RS resource configuration

3.1   NW side dynamic/semi-static power offset values adaptation
Compared to spatial domain adaptation, the configuration to be updated changed from nrofPorts to powerControlOffset or powerControlOffsetSS, as shown in Figure 2.
[image: Diagram
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Figure 2. An exemplary figure for function of powerControlOffset or powerControlOffsetSS

Observation 6: For NW side dynamic/semi-static power offset values adaptation, the configuration to be updated changed from nrofPorts to powerControlOffset or powerControlOffsetSS, as shown in Figure 2.

Following the logic of spatial elements adaptation in Section 2.1, we have the following proposals.

Proposal 15: RAN1 to pursue NW side dynamic/semi-static power offset value adaptation by update of the following configuration
· powerControlOffset
· powerControlOffsetSS
The dynamic/semi-static update can be based on indication of DCI or MAC-CE or RRC configuration.

Proposal 16: The IE powerControlOffset or powerControlOffsetSS can be configured as a list.

Proposal 17: NW can use DCI or MAC-CE to indicate which elements in the list powerControlOffset or powerControlOffsetSS should be applied by the UE. Or, the indication can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.
3.2   UE side multiple-CSI report enhancement
Following the logic of spatial elements adaptation in Section 2.2, we have the following proposal.

Proposal 18: NW can use DCI or MAC-CE or RRC configuration to indicate which elements in the list powerControlOffset or powerControlOffsetSS or which subsets under each element of the list nrofPorts should be reported in CSI report. Or, the indication can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.
4 [bookmark: OLE_LINK203]Conclusion
In this contribution, we have the following observations and proposals:

Observation 1: NW energy saving techniques in spatial domain can be categorized into two parts
3. NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)
4. UE side multiple-CSI report enhancement
where 
· “NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting)” is used to adapt the number of active antenna ports to achieve NW energy saving
· “UE side multiple-CSI report enhancement” is used to define a CSI report for different number of antenna ports (e.g. 32, 16, 8) based on one CSI-RS resource configuration

Proposal 1: RAN1 to pursue NW side dynamic/semi-static spatial elements (antenna ports) adaptation (muting) by update of the following configuration
· nrofPorts in CSI-RS-ResourceMapping
The dynamic/semi-static update can be based on indication of DCI or MAC-CE or RRC configuration.

Proposal 2: To save NW energy more efficiently with cell-wise spatial elements adaptation, for the dynamic/semi-static update of antenna ports in Proposal 1, indicate a cell-wise “maximum number of ports”. For example, it can be indicated through paging signal, or paging early indication (PEI), or SIB-based signal. 

Proposal 3: To apply the indicated “maximum number of ports” to a CSI-RS resource configuration, the IE nrofPorts under CSI-RS-ResourceMapping can be configured as a list. The maximum value smaller or equal to the indicated “maximum number of ports” would apply for this CSI-RS resource configuration. For example, if nrofPorts is configured as {8, 16, 32}, and the indicated “maximum number of ports” is 10, then the configuration 8 becomes effective instead of 32.

Observation 2: When the number of antenna ports are reduced due to the antenna ports adaptation (muting), for example, from 32 antenna ports to 8 antenna ports, the selection of subset antenna ports needs to be defined (e.g. which 8 or 24 antenna ports from the 32 antenna ports should be kept or muted). An exemplary 32 ports CSI-RS is shown in Figure 1.

Proposal 4: To address Observation 2, for each element in the list of nrofPorts defined in Proposal 3, further define which subset of antenna ports should be kept/muted. 
· Also, for each element in the list of nrofPorts, further define how other impacted CSI-RS configuration parameters should be changed (or not)
· For example, the parameter nrOfAntennaPorts (which defines the codebook-subset restriction) under CodebookConfig under CSI-ReportConfig can be different for different elements (values) in the list of nrofPorts.

Proposal 5: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use an additional bit map in RRC configuration to do the selection. For example, based on Figure 1, when antenna port number is adapted from 32 to 8, a 32-bit bitmap of “11111111000000000000000000000000” indicates port 3000~3007 are kept. 

Proposal 6: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use a RRC configured or pre-defined table to define which antenna ports should be muted or kept, based on the chosen nrofPorts corresponding to indicated “maximum number of ports”.  
· An additional muting indication can be transmitted by DCI or MAC-CE to specify which muting setting would be applied.
· For example, based on Figure 1, when antenna port number is adapted from 32 to 8:
	Contents of the additional muting indication
	Which 8 antenna ports are kept

	00
	Port 3000~3007

	01
	Port 3008~3015

	10
	Port 3016~3023

	11
	Port 3024~3031



Proposal 7: For the selection of subset of antenna ports to be kept/muted as mentioned in Proposal 4, use a pre-defined rule to determine which antenna should be kept or muted. For example, to adapt antenna port number from 32 to 8:
· The corresponding 8 antennas with the lowest port index are kept
· The corresponding 8 antennas with the highest port index are kept

Proposal 8: For the definition of how other impacted CSI-RS configuration parameters should be changed when some antennas are muted, as mentioned in Proposal 4, similar approaches in Proposal 5~7 can apply, i.e.
· Pure RRC based indication (ex. using a bitmap)
· RRC configured or pre-defined table with additional indication by DCI or MAC-CE
· Using predefined rule

Observation 3: On top of antenna muting, it is also important that gNB can obtain sufficient information to determine when to turn back ON the muted antenna ports, based on the channel condition of different number of antenna ports.

Proposal 9: NW should transmit CSI-RS without antenna muting occasionally, so UE can measure a complete CSI report to assist gNB assess whether/when to turn back ON the muted antenna ports. 

Proposal 10: For Proposal 9, one possible approach is using RRC configuration to define the occasions/period that NW would transmit CSI-RS without antenna muting.

Proposal 11: For Proposal 9, one possible approach is to rely on NW to occasionally do a full port (e.g. 32 ports in Figure 1) indication, based on DCI or MAC-CE.
· For example, NW can do a full port indication when the UE reported CSI condition becomes poor or when the cell loading becomes high. 
The full port indication can also be cell-wise, say using paging signal, or paging early indication (PEI), or SIB-based signal.

Observation 4: To allow the UE to provide CSI feedback for different port muting patterns based on one CSI-RS resource configuration, the framework of proposals 4~8 can be reused.

Proposal 12: For UE side multiple-CSI report enhancement, the IE nrofPorts under CSI-RS-ResourceMapping can be configured as a list. For each element in the list of nrofPorts, further define which subset of antenna ports should be kept/muted by Proposals 5~8. For one element (value) in the list of nrofPorts, one or multiple subsets can be defined for the purpose of multiple-CSI report enhancement.

Proposal 13: NW can use DCI or MAC-CE or RRC configuration to indicate which elements in the list nrofPorts or which subsets under each element of the list nrofPorts should be reported in the CSI report. 

Proposal 14: For the indication mentioned in Proposal 13, another option is it can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.

Observation 5: NW energy saving techniques in power domain can be categorized into two parts
3. NW side dynamic/semi-static power offset values adaptation
4. UE side multiple-CSI report enhancement
where 
· “NW side dynamic/semi-static power offset values adaptation” is used to adapt the power offset values between different signals to achieve NW energy saving
· “UE side multiple-CSI report enhancement” is used to define a CSI report for different power offset values based on one CSI-RS resource configuration

Observation 6: For NW side dynamic/semi-static power offset values adaptation, the configuration to be updated changed from nrofPorts to powerControlOffset or powerControlOffsetSS, as shown in Figure 2.

Proposal 15: RAN1 to pursue NW side dynamic/semi-static power offset value adaptation by update of the following configuration
· powerControlOffset
· powerControlOffsetSS
The dynamic/semi-static update can be based on indication of DCI or MAC-CE or RRC configuration.

Proposal 16: The IE powerControlOffset or powerControlOffsetSS can be configured as a list.

Proposal 17: NW can use DCI or MAC-CE to indicate which elements in the list powerControlOffset or powerControlOffsetSS should be applied by the UE. Or, the indication can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.

Proposal 18: NW can use DCI or MAC-CE or RRC configuration to indicate which elements in the list powerControlOffset or powerControlOffsetSS or which subsets under each element of the list nrofPorts should be reported in CSI report. Or, the indication can be based on cell-wise signal, e.g., paging signal, or paging early indication (PEI), or SIB-based signal.

5 [bookmark: OLE_LINK205]Reference
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