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1. Introduction
A new work item on network energy savings was approved in [1], with the following objectives:
	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 will discuss the network energy saving techniques in spatial and power domains.

2. Network energy saving techniques in spatial domain 
2.1 Enhancements on measurement for CSI and beam management
When gNB mutes some spatial elements for network energy saving, the corresponding PAs may be turned off that leads to power backoff, and/or the corresponding antenna elements may be turned off that leads to EIRP back off, which finally lead to the power backoff of signal transmission, including CSI-RS and PDSCH, etc. Dynamic spatial elements on/off may result in changes to the transmission power of the reference signal or channel, which may further introduce additional measurement and reporting problem for UE.
· Firstly, the CSI-RS measurement and L3 related measurements may be affected. As shown in Fig. 1, when timeRestrictionForChannelMeasurements for CSI-RS measurement is set to "notConfigured", UE derives the channel measurements for computing CSI value reported in uplink slot n based on multiple CSI-RS resources no later than the CSI reference resource. If gNB turns off some spatial elements at slot n0, it may lead to the CSI-RS transmission power backoff after slot n0. If UE does not know the power changing of CSI-RS resource before and after slot n0, UE still derives the CSI value by averaging the CSI-RS measurements before and after slot n0, the CSI value may be not corrected. On one hand, the timing of spatial elements on/off, or the timing restriction of measurements can be configured to UE to indicate that the CSI-RS transmitted before TxRUs on/off cannot be used for measurements. However, this may result in less CSI-RS for measurements, or if the timing of spatial elements on/off is later than CSI reference resource, none of CSI-RS can be used for measurements. On the other hand, some enhancements can be studied to enable UE to jointly measure the CSI-RS transmitted before and after spatial elements on/off. Similarly, the L3 related measurements, such as PL RS measurement, may also have such problem.  
[image: ]
[bookmark: _Hlk101857672]Figure 1. CSI-RS measurement with timeRestrictionForChannelMeasurements set to "notConfigured"
· Secondly, beam failure recovery or radio link monitoring procedure may be affected. For beam failure recovery procedure, UE assesses the radio link quality according to periodic CSI-RS and/or SSB against the threshold Qout,LR for beam failure detection, and UE finds new candidate beam according to the L1-RSRP measurements of periodic CSI-RS and/or SSB that are larger than or equal to the threshold Qin,LR, where Qout,LR and Qin,LR correspond to the value of rlmInSyncOutOfSyncThreshold and rsrp-ThresholdSSB configured by RRC, respectively. If gNB turns off some spatial elements, it may lead to CSI-RS transmission power backoff. If the threshold is not changed accordingly, the power backoff may leads to the L1-RSRP of CSI-RS less than the threshold Qout,LR, especially for cell-edge UEs, and results in frequently beam failure detection, or UE could not finds new candidate beam that larger than or equal to the threshold Qin,LR, and results in frequently contention-based initial access procedure. Hence, the threshold Qout,LR and threshold Qin,LR may be needed to update together with spatial elements on/off. Similarly, radio link monitoring procedure may also have such problem.
· Thirdly, dynamic spatial elements on/off may also have impact on CSI feedback. For CSI reporting, UE performs channel estimation and SVD decomposition based on CSI-RS, and reports CQI, RI, and PMI in CSI reporting. However, if gNB turns off part of spatial elements for network energy saving, such as 64 TxRUs mutes to 32 TxRUs, whether the 8-port CSI-RS transmitted through 64 TxRUs or through 32 TxRUs has impact on the CQI, RI, or PMI reporting can be discussed. Enhancements can be considered to enable adaptation of CQI, RI, or PMI calculation with spatial elements on/off.
Proposal 1: Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after spatial elements on/off.
Proposal 2: Threshold for beam failure recovery or radio link monitoring may be needed to update together with spatial elements on/off.
Proposal 3: Enhancements on adaptation of CQI, RI, or PMI calculation with spatial elements on/off.

2.2 Signaling to enable dynamic logical port adaptation for CSI-RS
In current network, the overhead of CSI-RS transmission is non-negligible, especially for periodic CSI-RS, reducing the overhead of CSI-RS transmission is essential for network energy saving. Currently, the ports number and RE location of CSI-RS within a slot is configured by RRC, if gNB turns off some spatial elements that cannot transmit all the ports of CSI-RS, RRC reconfiguration is needed for CSI-RS adaptation, which may lead to extra delay for network energy saving. For example, as shown in Fig. 2, an 8-port CSI-RS is configured to UE, if gNB turns off 64 TxRUs to 32 TxRUs, the 8-port CSI-RS can still be transmitted, then no signaling is needed for CSI-RS port adaptation, however, if gNB turns off the 8 TxRUs to 2 TxRUs, then only 2-port CSI-RS can be transmitted, in this case, dynamic CSI-RS port signaling is needed. 
For aperiodic CSI-RS, multiple CSI-RS resource sets are configured by RRC, DCI could trigger a suitable CSI-RS resource set, so, enhancement is not needed. For semi-static and periodic CSI-RS, multiple port configurations can be semi-statically configured by RRC for each CSI-RS resource, and MAC CE or DCI can be used for dynamic CSI-RS port adaptation.
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Figure 2. CSI-RS port adaptation for network energy saving
Proposal 4: Dynamic CSI-RS port adaptation is needed for semi-static and periodic CSI-RS.

2.3 Enhancements on CSI reporting
CSI reporting enhancement can be considered for UE to provide antenna muting pattern recommendations to gNB, which ensures the performance of UE while achieving network energy saving gain. One approach is that different CSI reporting can be configured to UE with different antenna muting pattern assumptions, however, the number of CSI-reportConfig including P/SP/A-CSI reportconfig per BWP is 4, if coupling of CSI reporting and antenna muting pattern for network energy saving, the flexibility of CSI reporting configuration will be restricted. Another approach is that UE reports multiple CSIs with different antenna muting pattern assumptions in one CSI reporting. In this case, multiple CSI-RS resources can be configured with different antenna muting pattern assumption, however, this may lead to higher CSI-RS overhead. Or else, multiple CSI-RS port patterns can be configured to represent different antenna muting pattern assumptions, and UE reports multiple CSIs for different CSI-RS port patterns to feedback antenna muting pattern recommendations to gNB.
Proposal 5: UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.

2.4 Enhancements on beam management
When gNB turns on/off the spatial elements for network energy saving, the beam of reference signal or channel may be changed. As shown in Fig. 3, CSI-RS is generated by 32 TxRUs originally, when gNB turns on 32 TxRUs to 64 TxRUs, CSI-RS may be generated by 64 TxRUs and the beam of CSI-RS may be narrowed down. If CSI-RS is used as the reference RS of TCI states, CSI-RS 1 may be the most suitable beam originally, when the beam of CSI-RS is narrowed down, the most suitable beam for UE may be changed to CSI-RS 2. In this case, the indicated TCI states may be needed to update simultaneously with the adaptation of spatial elements. 
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Figure 3. TCI states adaptation for network energy saving
Proposal 6: TCI states may be needed to update simultaneously with the adaptation of spatial elements. 

3. Network energy saving techniques in power domain 
3.1 Dynamic indication of powerControlOffset
As specified in TS 38.214, the power offset between PDSCH EPRE and CSI-RS EPRE is given by parameter powerControlOffset provided by higher layers. UE receives the CSI-RS and calculates CSI based on the configured ratio. When gNB dynamically reduces the transmission power of PDSCH, the value of powerControlOffset can be also updated accordingly, to obtain more accurate CSI reporting for gNB to determine compatible RI, MCS and precoder. Whether MAC CE or DCI can be used for powerControlOffset dynamic indication can be further discussed, and whether UE specific indication or group common indication for multiple UEs can be also further discussed.
Proposal 7: Dynamic indication the value of powerControlOffset can be applied for the adaptation of PDSCH transmission power.
3.2 Enhancements on CSI reporting
Similarly as the CSI reporting enhancement for spatial domain, potential feedback from UE to provide assistance information for adjustment of transmission power can be considered for network energy saving, which ensures the performance of UE while achieving network energy saving gain. One approach is that different CSI reporting can be configured to UE with different transmission power assumptions, however, the number of CSI-reportConfig including P/SP/A-CSI reportconfig per BWP is 4, if coupling of CSI reporting and transmission power related parameters for network energy saving, the flexibility of CSI reporting configuration will be restricted. Another approach is that UE reports multiple CSIs with different transmission power assumptions in one CSI reporting. In this case, multiple CSI-RS resources can be configured with different transmission power assumptions, and CSI reporting enhancement can be used for UE to feedback one or multiple CQI, LI-RSRP, L1-SINR, or PHR like value to indicate the power headroom for gNB to adjust DL transmission power.
Proposal 8: CSI reporting enhancement can be considered for gNB to adjust DL transmission power.
[bookmark: _Hlk126740466]3.3 Joint adaptation of spatial domain and power domain configurations
In addition to the above discussion of spatial domain and power domain enhancement, joint adaptation of spatial domain and power domain configurations to avoid coverage loss can be also considered. If some of the spatial elements are turned off, the corresponding PAs may be turned off that leads to power backoff, and/or the corresponding antenna elements may be turned off that leads to EIRP back off, which finally lead to the reduction of gNB maximum output power. Therefore, in order to keep the coverage, gNB may adjust the power configuration to achieve an acceptable power spectrum density level. Then, joint adaptation of spatial and power domain configurations is beneficial and flexible for network energy saving. It is possible to have separate indication of spatial and power configurations. However, from the cell level, the adaptation of spatial domain and power domain will affect all UEs in the cell, then, separate indication may increase the indication overhead and cause PDCCH/PDSCH congestion. Besides, separate indication may result in different activation time of spatial domain and power domain, and cause performance degradation for a period of time. Therefore, joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss
Proposal 9: Joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss

4. Conclusion
Based on the above discussions, the proposals are as follows:
Spatial domain:
Proposal 1: Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after spatial elements on/off.
Proposal 2: Threshold for beam failure recovery or radio link monitoring may be needed to update together with spatial elements on/off.
Proposal 3: Enhancements on adaptation of CQI, RI, or PMI calculation with spatial elements on/off.
Proposal 4: Dynamic CSI-RS port adaptation is needed for semi-static and periodic CSI-RS.
Proposal 5: UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.
Proposal 6: TCI states may be needed to update simultaneously with the adaptation of spatial elements. 

Power domain:
Proposal 7: Dynamic indication the value of powerControlOffset can be applied for the adaptation of PDSCH transmission power.
Proposal 8: CSI reporting enhancement can be considered for gNB to adjust DL transmission power.
Proposal 9: Joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss
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