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1. Introduction
The new Rel-18 WI of network energy saving NR was approved in RAN#98e [1], and the following objectives are included..
	3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements



The flexible and efficient switch on-off of spatial elements and adjustment of power offset has been discussed in the NES SI, and the major specs impact will be about the CSI enhancement and the related measurement and report procedure. In this contribution, we focus on the network energy saving techniques of spatial and power  and provide some observations and considerations.
2. Considerations on spatial domain techniques
The spatial domain techniques for network energy saving mainly refers to the flexible dynamic spatial elements switch on-off, which has been proved to save the network energy consumption by about 20%[2] varied with the network load and antenna configuration. The switch on-off of spatial elements directly change the mapping relation of CSI ports to the physical antenna ports. Therefore, the enhancement on the CSI and beam management related procedures are needed. 
2.1 Enhancement on the CSI measurement for spatial domain techniques
To support the dynamic switch on-off of spatial elements, two issues should be taken into consideration. The first is to enhance the efficiency and reduce the delay for switching the spatial elements so that the throughput won’t be impacted, the other is how to decide which elements can be switched off to get the best performance of the network.
In the current specs and reality network, the switch on/off of the spatial elements is controlled with the RRC signaling, which needs a period of time up to several hundred milliseconds. To enhance the efficiency, the dynamic or semi-dynamic methods for switching off the spatial elements can be adopted. Since the configuration of spatial elements may be complex, we prefer to adopt the semi-dynamic method to configurate and indicate the spatial elements switch on-off. Some typical antenna patterns and corresponding CSI-RS configuration can be defined first, then the BS can choose one of the patterns according to the network performance to switch off the corresponding antennas and adjust the CSI-RS at the same time. 
Proposal 1:  
[bookmark: _Hlk118302193]Support to pre-define the antenna patterns and corresponding CSI-RS to enhance the efficiency for spatial elements dynamic switch on-off.
With the pre-defined spatial elements switch-off and CSI-RS pattern, the selection and trigger of spatial elements switching off for BS can be triggered by two methods:
1) UE assists BS to decide which spatial elements to switch off. The BS transmit the CSI-RS patterns by turns and UE measures the CSI-RS and report one or multiple best CSI results to BS. Then BS configured the CSI-RS according to the CSI report and switch off the corresponding spatial elements. In such condition, the specific CSI-RS patterns may be needed for UE to measure and report the appropriate CSI-RS and spatial elements configuration to BS.
2) BS decide which spatial elements to switch off. The BS adjusts the CSI-RS pattern and switches off the corresponding spatial elements at the same time self-adaptively, and dynamically indicates to UE. However, with this method, it is essential for BS to know the wireless condition and make the determination of spatial elements to switch off. In such conditions, the actual transmission power of each antenna ports can be referred. With PMI mechanism, the transmission amplitude of each antenna ports may be different according to the final code book. For the antenna ports with small amplitude, to switch off the ports may have less impact on the current performance. Therefore, the network can consider self-adapted switch-off the spatial with the reference to the actual average transmission amplitude of the antenna ports. 
From our prospective, both the two above methods can be considered for enhancing the CSI measurement to help decide which spatial elements can be switch off to acquire the best performance, and the enhancement on both methods is needed.
Observation 1:
Network can refer to the actual average transmission amplitude of the antenna ports to decide which spatial elements should be switch off.
Proposal 2:  
The enhancement on the CSI measurement of the spatial configuration should be adopted to help BS deciding which spatial elements should be switch off.
· New CSI-RS patterns can be defined for UE to measure and report the best configuration of spatial elements. 
Besides, if the granularity of spatial elements can be specified to single element, for the CB based precoding matrix, the current codebook in the PMI mechanism may not be sufficient. To solve such case, the number of switched off spatial configuration should be confined to several certain numbers or the current PMI mechanism should be enhanced. And to reduce the specs impact, we prefer to specify the numbers of switched off spatial elements.
Proposal 3:
The number of switched off spatial elements should be specified and restricted to several certain numbers.
2.2 Enhancement on the CSI report for spatial domain techniques
No matter which methods of the above options is selected, as long as the network switch off the spatial elements, the CSI-RS configuration must be changed since the mapping relation has been different, and the wireless channels will also be changed. In such condition, new CSI should be reported to network as soon as possible for better making the decision such as scheduling and resources allocation. Therefore, it is necessary for network to send an indication to UE to request the new CSI measurement and report. However, if it is the UE assists decide which spatial elements to be switch off, the configuration of CSI-RS can be known by advance, network only needs to send the indication to UE trigger the CSI measurement and report; if the spatial elements switch off strategy is made by network itself, the configuration of CSI should be sent along with the indication.
 Proposal 4:
[bookmark: _Hlk126161899]The indication of spatial elements switched off by network should be sent to UE to trigger the new CSI measurement and reporting. 
· The mechanism and content of the indication should be furthered discussed, which depends on the mechanism of deciding which spatial elements to be switched off. 
3. [bookmark: _Hlk118386501]Considerations on power domain techniques
The power domain techniques for network energy mainly refers to the more flexible power adjustment of base station, which has the similar specs impact to the spatial elements switch off: how to decide the new transmission power and how the can the adjustment more efficiency. And the power adjustment can be jointly conducted with the spatial elements switch off or the frequency enhancement such as PRB/bandwidth adjustment. 
3.1 Enhancement on the CSI for power domain techniques
Similar as the spatial domain techniques, the adjustment of RF transmission power acquires a period of time. To enhance the efficiency of power adjustment, the adjustment can be decided by network at first then further adjustment refer to the UE’s CSI reports. With some transmission power level defined first, BS can quickly adjust the transmission power to one of the levels when the power adjustment is triggered, then further adjustment the power with finer granularity according to the CSI from UE.
Proposal 5:  
The adjustment of transmission power can be decided by both the network and UE.
Once the power adjustment happens, which can be triggered by the spatial elements switch off or the bandwidth/PRB adjustment, the new CSI request should be triggered, so that the network can further adjust the power for a better performance. 
Proposal 6:  
The indication of transmission power adjustment should be sent to trigger UE for CSI measurement and reporting. 
Since the transmission power is decided by network, it can be inappropriate for UE. In such conditions, UE can reports the power adjustment indication to the network in the CSI reports. The indication can be the absolute value or the relative value, and the network can decide whether to adjust the transmission power as the UE indicated. 
Proposal 7:
[bookmark: _Hlk126164765]The power adjustment indication should be included in the CSI for BS to better decide the transmission power.
4. Conclusion
In this paper, China Telecom’s views on the issues for network energy saving techniques are given.
Observation 1:
Network can refer to the actual average transmission amplitude of the antenna ports to decide which spatial elements should be switch off.
Proposal 1:  
Support to pre-configure the antenna patterns and corresponding CSI-RS to enhance the efficiency for spatial elements dynamic switch on-off.
Proposal 2:  
The enhancement on the CSI measurement about the spatial configuration should be adopted to help BS deciding which spatial elements should be switch off.
· New CSI-RS patterns can be defined for UE to measure and report the best configuration of spatial elements. 
Proposal 3: 
The number of switched off spatial elements should be specified and restricted to several certain numbers.
Proposal 4: 
The indication of spatial elements switch off by network should be send to UE to trigger the new CSI measurement and reporting. 
•	FFS: the indication sent by which signaling mechanism should be furthered discussed, which depends on how the shutdown spatial elements be decided. 
Proposal 5: 
The adjustment of transmission power can be decided by both the network and UE.
Proposal 6: 
The indication of transmission power adjustment should be sent to UE to trigger the CSI measurement and reporting.
Proposal 7:
The power adjustment indication should be included in the CSI for BS to better decide the transmission power.
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