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1. [bookmark: _Ref27419]Introduction
In 3GPP TSG RAN1#109-e meeting, the agreements about network energy saving techniques were achieved as below [1].
	Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.

Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain

Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE



In this contribution, the techniques of network energy saving in time/frequency, spatial, power domain, and considerations about UE assistance information are further discussed.

2. Background of network energy saving 
5G can significantly improve the user experience with higher throughput, massive connections, and various services, for example, eMBB, URLLC, redcap, XR, etc. However, the energy consumption and greenhouse gas emission caused by the 5G base stations and user devices have become an acute issue with the deployment of 5G. 
Compared with 4G base stations, the power consumption of 5G base stations is 3-4 times that of 4G base stations due to the increased number of transmission/receiving antennas, frequency band, etc. According to [2], the BS power consumption accounts for about 58% of cellular network power consumption. Besides the impact on climate change, the network opex tends to account for around 25% of the operator cost base, wherein over 90% of network costs are spent on energy [3].  
Therefore, network energy saving is important for the development of a sustainable and green communication system, and reduction of the operation expense. Reduction of network energy consumption is a critical need.
According to the current specification [4], cell can be de-activated for energy saving. However, with semi-static energy saving solution, NW has to handover the UEs to other cells, which has large impact on system performance and only can be used in the extremely low load scenario. Therefore, for a provision of more universal network energy saving techniques, more dynamic solutions should be studied.
[image: ]
Figure 1 cell de-activation for NW energy saving

3. Network energy saving techniques
3.1. Network energy saving techniques in time and frequency domain
As it is discussed in section 2, the network can deactivate some components (e.g. cell, carrier, band) for energy saving. However, the semi-static activation/de-activation mechanism may cause a large delay and affect the user experience. To improve user experience, a finer granularity time domain on-off operation should be considered. According to the current specification, the chance of on-off operation is mainly determined by the periodic DL common signal/channel (e.g. SSB, SIB).
To be more specific, the periodicity of SSB transmission is assumed to be 20ms by default, while the periodicity of SIB1 can be sparser according to TS38.331. The dense transmission of the DL common signal/channel reduces network sleep opportunity and increases network power consumption, especially in the case of empty/low load. In order to achieve the network energy saving, DL common signal/channel reduction should be taken into consideration. 
3.1.1. [bookmark: _Ref27340]SSB-less for inter-band CA
For the connected-mode UEs configured with CA, gNB can perform the DL/UL transmission on each cell. For the SCell, when there is low DL traffic load or even no DL transmission performed, SSB occupies most of the DL occasions, in which the BS cannot enter into a sleep mode for energy saving [2]. In this situation, the power consumption of SSB transmission results in a significant amount of network power consumption. Therefore, SSB transmission reduction on SCells is an important solution to reducing base station power consumption.
As shown in Figure 2, the SCell can be implemented as a SSB-less SCell or SSB-limited SCell for network energy saving. In Release 15, SCell without SSB is supported for intra-band CA [5]. For inter-band CA, the RF chains and other processing units between different cells are decoupled. Therefore, if the SSB transmission in the inter-band SCell can be reduced or even eliminated, the corresponding components can be muted, network can obtain more energy saving benefits. 
[bookmark: _Toc23447][bookmark: _Toc111146054][bookmark: _Toc111223017]SSB-less SCell or SSB-limited SCell is beneficial to network energy saving.
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[bookmark: _Ref9720]Figure 2 SSB-limited or SSB-less SCell in CA

[bookmark: _Toc102067902]The SCell without SSB can be considered for inter-band CA when there is sparse or even no DL traffic. When there is no SSB transmitted on the SCell, UEs’ acquisition of synchronization and timing, etc., were discussed in RAN1#109e meeting. 
Based on current BS implementation, even for inter-band CA, high time synchronization accuracy between the cells in different bands can be achieved. To be specific, the timing alignment performance for inter-band CA is comparable with RAN4 requirements for intra-band CA. Especially for the case that the SSB-less SCell is in the same TAG with SpCell or a normal SCell, the TA will be maintained based on the SpCell or the normal SCell in the same TAG, which can be ensured by NW implementation. With these assumptions, the timing of SSB-less SCell can directly refer to another cell (e.g. SpCell or other SCell with SSB). 
[bookmark: _Toc111146055][bookmark: _Toc24829][bookmark: _Toc111223018]The synchronization and TA issue of SSB-less SCell can be handled by NW implementation.
The necessity of the transmission of other reference signal, such as TRS, for synchronization and AGC adjustment also needs discussion. At least in the case that there is no DL traffic in the SCell without SSB, the operations of DL synchronization and AGC correction can be omitted. In another case, SSB-less SCell can be implemented in a neighboring band with SpCell or other SCell with SSB, so that the synchronization or AGC for SSB-less SCell can rely on the SpCell or other SCell with SSB even when there is DL traffic. In this case, TRS is not needed for the SSB-less SCell, either.
[bookmark: _Toc5645][bookmark: _Toc111146056][bookmark: _Toc111223019]TRS is not needed for the SSB-less SCell at least in the case there is no DL traffic in the SCell.
In addition, even if TAE performance between cells at network side is not well synchronized, there are some solutions to improving the synchronization performance of the SSB-less SCell. For example, on-demand RS can be transmitted on the SCell for synchronization. For another example, WUS transmitted by UE can be introduced to indicate the base station to transmit SSB when needed.
In the case of SSB-less SCell, the procedure of SCell activation should be considered. In Rel-17, a fast/efficient SCell activation is specified, where aperiodic TRS can be triggered by SCell activation MAC CE. The similar mechanism can be considered for the activation of SSB-less SCell. With support of inter-band SSB-less SCell and fast SCell activation, it can support on-off on an inter-band SCell in frequency domain more dynamically so that it can achieve energy saving while still being able to adapt to varying traffic load. In addition, this can also eliminate unnecessary signals to reduce overhead and interference in the network. Overall, this will significantly increase energy efficiency in the network.
According to the simulation assumptions in [6], the simulation results with SSB-less SCell are provided in Figure 3. Wherein the UPT ratio is the ratio of the UPT of enhanced scheme over UPT of baseline scheme.

Figure 3 Evaluation results of SSB-less for inter-band CA

As shown in Figure 3, the SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the case RU=4.9%~37.5%. It can be also observed that the SSB-less SCell can provide higher UPT due to the SSB overhead reduction.
[bookmark: _Toc111223020][bookmark: _Toc111146057][bookmark: _Toc15426][bookmark: _Toc111146058]The SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the cases RU=4.9%~37.5%.
Based on the above analysis, we can have the following proposal.
[bookmark: _Toc111223029]SSB-less SCell should be supported for inter-band CA. 
[bookmark: _Toc111223030]Aperiodic TRS is triggered only when it is needed in the SCell activation process.
3.1.2. [bookmark: _Ref27879]SSB/SIB reduction
In LTE, cell DTX mechanism was introduced to reduce the CRS transmission [6]. In NR, even the DL common signal/channel is leaner than LTE, it is still better to further reduce SSB/SIB transmission for network energy saving. If SSB/SIB can be transmitted in a sparser behavior, network can obtain more energy saving benefits especially for the low-load and empty-load cases.
Figure 4 shows an example when there are less UEs in a cell and the traffic load is low, the SSB/SIB transmission can be relaxed for single cell operation.  
[bookmark: _Toc81574484][image: ]
[bookmark: _Ref10030]Figure 4 SSB/SIB reduction in serving cell

[bookmark: _Toc111223031][bookmark: _Toc102067901]A serving cell with DL common signal/channel (i.e., SSB, SIB) reduction can be considered for network energy saving.
To exploit more power saving benefits from SIB relaxation, SIB-less cell can be considered. In this case, the UEs can obtain SIB via an assistant cell to get access to the SIB-less cell.
[bookmark: _Toc111223032]UEs can obtain SIB via an assistant cell to get access to the SIB-less cell.
According to the simulation assumptions in [6], the simulation results with SSB-less and SIB-less are provided.
As shown in Figure 5, the SSB-less and SIB-less scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases RU=4.9%~37.9%.
[bookmark: _Toc111223021][bookmark: _Toc31202][bookmark: _Toc111146059][bookmark: _Toc111146060]The SSB-less SCell scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases RU=4.9%~37.9%.


Figure 5 Evaluation results of SSB-less and SIB-less scheme

3.1.3. WUS
As shown in 3.1.1 and 3.1.2, the network can save energy by limited or no SSB/SIB transmission. Considering the impact of network energy saving techniques on system performance (e.g., throughput, latency, etc.) and user experience, an energy saving fallback mechanism, such as an uplink wake-up mechanism (WUS), should be studied. 
When the network enters into an energy saving state, for example, the DL common signal/channel transmission is reduced or eliminated, the time/frequency error correction performance of UE may be impacted. In this case, a wake-up mechanism can be introduced to meet the flexible service requirements and minimize the impact on user experience. The WUS can be used in both single cell and CA scenarios. As shown in Figure 6, when an energy saving state with limited or no DL common signal is supported, UE can transmit uplink WUS to the network. After receiving the WUS, the network can adjust the SSB transmission to respond to the UE’s indication. 

[image: ]
[bookmark: _Ref14504]Figure 6 DL common signal adaptation with WUS

The WUS can be transmitted in a WUS occasion. The WUS can be used to indicate a normal configuration, e.g. activate the downlink common signal transmission or adjust the transmission periodicity of the downlink common signal. In another cases, the WUS can be used to indicate the activation of a serving cell. For example, when the measurement quality of the current serving cell that UE camped becomes worse and no neighbor cell is detected, UE can transmit WUS to base station for cell activation. The base station can detect WUS in WUS occasion. When WUS is detected, the base station can adjust the configuration according to the indication of WUS, which can minimize the impact on users while ensuring the energy saving gain. Therefore, the uplink wake-up signal (WUS) design is a useful approach to assist network energy saving. 
[bookmark: _Toc102067907][bookmark: _Toc81574487][bookmark: _Toc13005][bookmark: _Toc29310][bookmark: _Toc111223033]An uplink wake-up mechanism (WUS) can be considered for network energy saving.

3.2. Network energy saving techniques in spatial domain
Massive MIMO, which allows spatial or multi-path diversity, is a major and effective technology to accommodate 5G requirements. The typical AAU is equipped with 64T64R or 32T32R in 5G intermediate frequency band, while 8T8R or 4T4R is implemented in lower frequency band. Meanwhile, the cost arising from massive MIMO is the increased base station power consumption and OPEX due to the large amount of TxRUs and the associated hardware processing units, including power amplifier.
Considering the traffic load or the number of served UEs varies within a day, a promising solution to network energy saving is switching off base station TxRUs when the traffic load is low, as shown in Figure 7. 
[image: ]
Figure 7 Antenna adaptation for network power saving
It is obvious that the transmission power will reduce when part of the TxRUs are de-activated. On the other hand, the transmission of reference signal/channel may also be affected.
An example is shown in Figure 8. The number of CSI-RS ports is configured as 32 which is the maximum value promised by current specification. If one half of TxRUs are switched off, the available number of CSI-RS ports is also reduced to one half. That is, if partial TxRUs are switching off, the reference signals with a large port number may not be supported, and the measurement of UE will also be influenced. However, according to the current specification, the number of ports for DL reference signal, such as CSI-RS, is semi-statically configured via RRC. And if the port configuration needs to be updated, the signaling overhead will increase significantly and the spectrum efficiency will decrease during the reconfiguration period.
[bookmark: _Toc28403][bookmark: _Toc111146061][bookmark: _Toc111223022]RRC reconfiguration is needed to update the configuration of reference signals due to the TxRU de-activation, which will increase the signaling overhead and decrease the spectrum efficiency.
[image: ]
Figure 8 Impact of TxRU de-activation on antenna ports
Meanwhile, the case that the number of antenna ports is not influenced by the TxRUs de-activation or activation should also be considered. As shown in Figure 9, when the number of CSI-RS ports is configured as 16, even half of the TxRUs are de-activated, there are sufficient TxRUs to be mapped into 16 ports.
[image: ]
Figure 9 Impact of TxRU de-activation on antenna ports
If the number of TxRUs change, the virtualization between the physical antenna elements and antenna port will be updated accordingly. It implies the CSI measurement based on the previous configuration of TxRU may be out-of-state.
[bookmark: _Toc111146062][bookmark: _Toc111223023][bookmark: _Toc2529]CSI measurement results may be out-of-state if partial TxRUs are de-activated. 
To summarize, there are two important issues that should be solved for dynamical TxRUs adaption. One is to indicate the updated number of ports, and the other is to provide an accurate channel state by UE.
[bookmark: _Toc111223034]The following impacts need to be considered in spatial domain adaptation
· The validity of the reference signal configurations, including CSI-RS
· The accuracy of measurement/report results, including CSI measurement/report
It will be helpful if the changing of the number of the reference signal ports is indicated along with the adaptation of TxRUs. If an indication of available maximum CSI-RS port number is used to notify UE the valid CSI-RS resources, UE can stop measuring on the invalid CSI-RS resources (e.g., CSI-RS resource with invalid port configuration) and provides a more accuracy measurement results. In current spec, the port number of CSI-RS resource is configured in CSI-RS-ResourceMapping IE. DCI or MAC CE can be considered for faster and more efficient indication.
[bookmark: _Toc111223035]Fast/efficient indication of antenna ports can be considered to minimize the impacts of NW energy saving technique in spatial domain.
Another method to reduce the influence of TxRU de-activation is that UE can report CSI based on different ports or assistant information (e.g., preferred maximum number of ports) to gNB, so that gNB can make a better decision on TxRUs off/on operation.
Simulation results obtained by decreasing the antenna configuration from 64TxRU to 32TxRU are provided in Figure 10. The antenna configuration is shown in Table 1, the other simulation assumption are provided in [6].
Table 1 BS antenna configuration for TxRU adaptation
	Simulation case 
	Description 

	64TxRU
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); Max transmission power=55dBm

	32TxRU
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1) ; Max transmission power=52dBm



According to the simulation results, when the antenna configuration is reduced from 64TxRUs to 32TxRUs, 8.4%~20.2% energy saving gain can be obtained in the case RU=4.9%~37.8%. However, antenna reduction increases the RU and degrades UE throughput. Therefore, a more dynamic adaptation considering UE feedback/assistance information, and traffic arrival can be considered to explore network power saving gain and minimize the system performance impact.

Figure 10 Energy saving gain and UPT impact of antenna reduction

[bookmark: _Toc111146063][bookmark: _Toc111223024][bookmark: _Toc32490]When the antenna configuration is reduced from 64TxRUs to 32TxRUs, 8.4%~20.2% energy saving gain can be observed in the case RU=4.9%~37.8%.

3.3. Network energy saving techniques in power domain
Another straightforward method to reduce the network power consumption is reducing the downlink transmission power in low/medium load scenarios.
In the scenario shown in Figure 11, gNB provides full power allocation for the DL transmission. However, the fixed transmission power (e.g., PSD) is not beneficial to NW power consumption. Meanwhile, fixed PSD would also cause constant interference to another base station/UE. As a consequence, the interference would result in more retransmission for both gNB and UE, which costs more power consumption. 
[image: ]
Figure 11 Fixed DL transmission power causes interference and NW power consumption
  
[bookmark: _Toc111146064][bookmark: _Toc29128][bookmark: _Toc111223025]Fixed DL transmission power cannot adapt to requirements of NW power saving, UE power saving and interference management.
For the PDSCH transmission, the reported CQI can indicate the channel condition. If the channel condition becomes worse, more resource allocation via lower MCS or repetition times would be applied. However, if appropriate dynamic power adaptation is considered, the transmission occasions can be reduced, which would be beneficial to both network and UE power saving.
[image: ] 
Figure 12. Power adaptation for worse channel condition
Additionally, if the channel condition becomes better, e.g., the UE is moving towards gNB, even the largest MCS is used for data transmission, the allocated power may be still redundant and wasted. In this case, no obvious impacts on the system performance is observed if the transmit power is decreased for network power saving.
[image: ]
Figure 13. Power adaptation for better channel condition
Therefore, the dynamic power adjustment can adapt to different channel conditions and keep the performance impact under control. And it would also bring UE and gNB power saving gain.
[bookmark: _Toc111146065][bookmark: _Toc111223026][bookmark: _Toc30959]Dynamic power adjustment can help UE and gNB power saving and keeps performance impact under control.
To achieve dynamic power adjustment, power related information, similar as CQI, can be reported to gNB. Then gNB can accurately sense the required power parameters based on the reported information.
[bookmark: _Toc111223036]More dynamic DL power allocation and information reported by UE can be considered for NW ES in power domain.
For the periodic CSI-RS, the parameter powerControlOffsetSS is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE, which is configured via RRC signaling. When the PSD is dynamically adapted, a dynamic power allocation for CSI-RS is more beneficial for the network power saving.
[bookmark: _Toc111223037]Dynamic DL power control for reference signal can be considered for NW ES in power domain.
Based on the preliminary simulation results in Figure 14, 4.6%~13.6% network power saving gain is observed.

Figure 14 Energy saving gain from power reduction

[bookmark: _Toc111146066][bookmark: _Toc802][bookmark: _Toc111223027][bookmark: _Toc111143992][bookmark: _Toc111143993][bookmark: _Toc111146067][bookmark: _Toc111146069][bookmark: _Toc111146068]Power reduction with 3dB can obtain 4.6%~13.6% power saving gain in the case of RU=4.9%~38%.
3.4. UE assistance information for network energy saving
There are many solutions that can reduce power consumption of the network. There is also a need for a tradeoff between potential network energy saving techniques and the system performance loss (throughput, latency, etc.).  If the UE can report some information to help network to better acquire UE’s requirements, the network can adjust the energy saving techniques more accurately to reduce the impact on user experience. 
[bookmark: _Toc2245][bookmark: _Toc11454][bookmark: _Toc111146070][bookmark: _Toc111223028][bookmark: _Toc102067968]UE assistance information can help network to better acquire UE’s requirements, so that the energy saving techniques can be adjusted more accurately to reduce the impact on user experience and assist network energy saving.
For UE assistance information, both traffic related assistance information, such as UE traffic volume information, and UE mobility related assistance information, such as UE mobility trajectory, UE mobility direction, etc. can be used to assist the network energy saving.  
[bookmark: _Toc102067908][bookmark: _Toc22308][bookmark: _Toc111223038][bookmark: _Toc18917] The UE assistance information can be considered for network energy saving.

4. Conclusion
In this contribution, we discuss the techniques for network energy saving and have the following observations and proposals.
Observation 1:	SSB-less SCell or SSB-limited SCell is beneficial to network energy saving.
Observation 2:	The synchronization and TA issue of SSB-less SCell can be handled by NW implementation.
Observation 3:	TRS is not needed for the SSB-less SCell at least in the case there is no DL traffic in the SCell.
Observation 4:	The SSB-less SCell scheme can obtain 4.3%~22.6% energy saving gain in the cases RU=4.9%~37.5%.
Observation 5:	The SSB-less SCell scheme can obtain 9.3% ~ 36.2% energy saving gain in the cases RU=4.9%~37.9%.
Observation 6:	RRC reconfiguration is needed to update the configuration of reference signals due to the TxRU de-activation, which will increase the signaling overhead and decrease the spectrum efficiency.
Observation 7:	CSI measurement results may be out-of-state if partial TxRUs are de-activated.
Observation 8:	When the antenna configuration is reduced from 64TxRUs to 32TxRUs, 8.4%~20.2% energy saving gain can be observed in the case RU=4.9%~37.8%.
Observation 9:	Fixed DL transmission power cannot adapt to requirements of NW power saving, UE power saving and interference management.
Observation 10:	Dynamic power adjustment can help UE and gNB power saving and keeps performance impact under control.
Observation 11:	Power reduction with 3dB can obtain 4.6%~13.6% power saving gain in the case of RU=4.9%~38%.
Observation 12:	UE assistance information can help network to better acquire UE’s requirements, so that the energy saving techniques can be adjusted more accurately to reduce the impact on user experience and assist network energy saving.

Proposal 1:	SSB-less SCell should be supported for inter-band CA.
Proposal 2:	Aperiodic TRS is triggered only when it is needed in the SCell activation process.
Proposal 3:	A serving cell with DL common signal/channel (i.e., SSB, SIB) reduction can be considered for network energy saving.
Proposal 4:	UEs can obtain SIB via an assistant cell to get access to the SIB-less cell.
Proposal 5:	An uplink wake-up mechanism (WUS) can be considered for network energy saving.
Proposal 6:	The following impacts need to be considered in spatial domain adaptation
Proposal 7:	Fast/efficient indication of antenna ports can be considered to minimize the impacts of NW energy saving technique in spatial domain.
Proposal 8:	More dynamic DL power allocation and information reported by UE can be considered for NW ES in power domain.
Proposal 9:	Dynamic DL power control for reference signal can be considered for NW ES in power domain.
Proposal 10:	The UE assistance information can be considered for network energy saving.
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ES gain & RU
ES gain ssb-less	
case1	case2	case3	case4	0.226012822057257	0.138622574627576	0.0722794603981609	0.0434972250886151	UPT ratio ssb-less	case1	case2	case3	case4	1.0163169428551	1.01868982797718	1.0137825548663	1.00712450948295	RU	
case1	case2	case3	case4	0.0490259155631065	0.0973486006259918	0.236972585320473	0.374604165554047	RU ssb-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
Energy saving gain (%)


RU (%)





UPT ratio & RU
UPT ratio ssb-less	
case1	case2	case3	case4	1.0163169428551	1.01868982797718	1.0137825548663	1.00712450948295	ES gain ssb-less	
case1	case2	case3	case4	0.226012822057257	0.138622574627576	0.0722794603981609	0.0434972250886151	RU	
case1	case2	case3	case4	0.0490259155631065	0.0973486006259918	0.236972585320473	0.374604165554047	RU ssb-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
UPT ratio (%)


RU (%)





ES gain & RU
ES gain ssbsib-less	
case1	case2	case3	case4	0.361920791744192	0.258280843314671	0.147397452625016	0.0927396642380434	UPT ratio ssbsib-less	case1	case2	case3	case4	1.01798775480796	1.02178138406346	1.02011016295404	1.02087068961095	RU	
case1	case2	case3	case4	0.0494189895689487	0.0977294892072678	0.238877594470978	0.378570079803467	RU ssbsib-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
Energy saving gain (%)


RU (%)





UPT ratio & RU
UPT ratio ssbsib-less	
case1	case2	case3	case4	1.01798775480796	1.02178138406346	1.02011016295404	1.02087068961095	ES gain ssbsib-less	
case1	case2	case3	case4	0.361920791744192	0.258280843314671	0.147397452625016	0.0927396642380434	RU	
case1	case2	case3	case4	0.0494189895689487	0.0977294892072678	0.238877594470978	0.378570079803467	RU ssbsib-less	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.373052805662155	
UPT ratio (%)


RU (%)





ES gain & RU
ES gain 32T	
case1	case2	case3	case4	0.0836733513247593	0.134714491900316	0.183808120460519	0.201835452828082	UPT ratio 32T	case1	case2	case3	case4	0.816022582473443	0.836459413590793	0.7937014484436	0.766540019924355	RU	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.377746820449829	RU 32T	
case1	case2	case3	case4	0.0653446316719055	0.123025454580784	0.309889256954193	0.503402173519135	
Energy saving gain (%)


RU (%)





UPT ratio & RU
UPT ratio 32T	
case1	case2	case3	case4	0.816022582473443	0.836459413590793	0.7937014484436	0.766540019924355	ES gain 32T	
case1	case2	case3	case4	0.0836733513247593	0.134714491900316	0.183808120460519	0.201835452828082	RU	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.377746820449829	RU 32T	
case1	case2	case3	case4	0.0653446316719055	0.123025454580784	0.309889256954193	0.503402173519135	
UPT ratio (%)


RU (%)





ES gain & RU
ES gain 64T-3dB	
case1	case2	case3	case4	0.0458112809196537	0.075671878012307	0.11797372845172	0.135706696432779	UPT ratio 64T-3dB	case1	case2	case3	case4	0.939531459497079	0.95843322439452	0.962692899364405	0.965124144333356	RU	
case1	case2	case3	case4	0.0489364303648472	0.0963510200381279	0.235738873481751	0.380461305379868	RU 64T-3dB	
case1	case2	case3	case4	0.0540884099900723	0.103609949350357	0.250253945589066	0.403121620416641	
Energy saving gain(%)


RU (%)
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