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1. [bookmark: _Ref27419]Introduction
The potential enhancements for network energy saving (NES) in Rel-19 are shown as follows [1]:
	Potential objectives:
· On-demand SSB transmission ([and possibly other DL signals]) for Scell for connected UEs
· Possible triggering methods (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.)
· Whether to target the design of a simplified SSB
· On-demand SIB1/[SSB] transmission for idle UEs 
· Possible triggering methods (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.)
· Whether to target the design of a simplified SSB
· Other topics? 
· [SSB]/SIB1-less operation in multi-carrier scenario for (documented in TR38.864)
· [SSB]/SIB1-less for non-anchor NES cell for UEs in IDLE/INACTIVE state, where it is assumed that another carrier (an anchor cell) is available for the UE
· Adaptation of common signal/channel transmissions (documented in TR38.864)
· Specify Cell DRX/DTX for UEs in idle/inactive modes (as an extension of Rel-18 cell DRX/DTX) 
· Multi-TRP adaptation mechanisms
· UE group-common or cell-specific BWP configuration, adaptation and/or switching.
· Group cell switch
· Power domains studied in R18 (techniques D-2 ~ D-5)
· Low-power SSB/SIB1/Paging
· Extension of spatial and power domain techniques in 1) high load scenarios 2) Type-II codebook types
· Semi-static beam-specific broadcast channel configuration
· Scenario 2a for SSB-less
· It was also mentioned that some proposals for multi-carrier enhancements may be beneficial for network energy savings (e.g. cross-carrier HARQ, fast DL carrier switch, multi-carrier CSI)
· Extensions to network-controlled repeaters (NCR), e.g. backhaul/control link behavior for efficient interaction between NES-capable gNB and associated NCR, to consider the case where the gNB would operate with S/P-domain adaptation or cell DTX/DRX adaptation for NW energy saving



In this paper, our views on Rel-19 NES enhancement techniques are discussed. 
2. Network energy saving in Rel-18
During Rel-18 SI phase, the energy saving gain of various network energy saving techniques are evaluated and the results are captured in TR38.864[2]. In Rel-18, the NES techniques in time domain, frequency domain, spatial and power domain are specified.
For time domain enhancement, cell DTX/DRX mechanism is introduced. During the cell DTX/DRX non-active period, some transmission/reception operations are switched off to increase the gNB sleep opportunities. And both explicit activation/deactivation of cell DTX/DRX configuration in RRC and dynamic activation/deactivation of cell DTX/DRX configuration by DCI format 2_9 are specified.
For spatial and power domain enhancement, multi-CSIs in one report are supported for efficient spatial and power domain adaptation. A framework that enables UE to report one or more CSI(s) in one reporting is introduced, where each sub-configuration corresponding to a spatial domain adaptation pattern and/or a power offset value.
SSB-less SCell for inter-band CA for FR1 and co-located cells is discussed in Rel-18, where three scenarios have been identified. And scenario 1, i.e., SCell without SSB transmission and with TRS transmission, is prioritized.
Other aspects, such as handover and cell access mechanism enhancements considering the NES mode of source cell paging enhancement are also introduced for Rel-18 NES.
For the enhancements of NES in Rel-19, in order to obtain further energy saving gain, it’s better to consider the NES techniques based on the study outcome in Rel-18, and focus on the directions which can provide significant energy saving gain.
[bookmark: _Toc6029][bookmark: _Toc11906][bookmark: _Toc152613157]The enhancements of NES in Rel-19 should be based on the study outcome in Rel-18, and focus on directions which can provide significant energy saving gain.
3. Further enhancements of NES in Rel-19
3.1. On-demand SSB transmission for SCell 
Based on the power consumption model in TR38.864[2], it can be observed that DL transmission is the main aspect of network energy consumption. Network can deactivate some components (e.g. cell, carrier, band) for energy saving when there is no DL transmission. A dynamic on-off operation by BS can be considered to achieve a tradeoff between NES and system performance. However, the chance of on-off operation is determined by the periodic DL common signal/channel (e.g. SSB, SIB).
Therefore, the SSB reduction/eliminated in SCell for NES has been extensively discussed in Rel-18 SI phase. It is captured in [2] that for SSB-less in CA scenario, BS energy saving gain can be 80.4%~97.4% at empty load, 6.1%~72.7% at low load for DL traffic compared with baseline of SSB periodicity of {20ms, 80ms, 160ms}. It can be seen that SSB-less for SCell can bring a significant BS power saving gain.
[bookmark: _Toc18797]For SSB-less in CA scenario, BS energy saving gain can be 80.4%~97.4% at empty load, 6.1%~72.7% at low load for DL traffic compared with baseline of SSB periodicity of {20ms, 80ms, 160ms}.
What’s more, SCell without SSB for intra-band CA is already supported in Rel-15, SSB-less SCell for inter-band CA is specified by RAN4 in Rel-18. However, it is only limited to FR1 and co-located scenarios. It is obvious that such as strict conditions of SSB-less SCell for inter-band CA will restrict the application of the technique and corresponding energy saving gain. 
[bookmark: _Toc394][bookmark: _Toc28230][bookmark: _Toc29193]Current SSB-less SCell can be only applied to intra-band cells and co-located inter-band cells in FR1. The energy saving gain from SSB-less SCell is limited due to the restricted application scenario.
In order to extend the scenarios of SSB elimination/reduction to obtain more energy saving gain, on-demand SSB transmission based on the SSB-less SCell framework can be considered in the scenarios that SSB-less SCell is not supported. In this case, on-demand SSB transmission can be used by UE for synchronization, TA adjustment, SCell activation when necessary, which can guarantee UE performance and reduce the unnecessary power consumption caused by periodic SSB transmission. Therefore, on-demand SSB on SCell based on SSB-less SCell framework are feasible in the scenarios of non-collocated cells, no TRS transmission, or FR2. Therefore, it should be supported in Rel-19.
For the on-demand SSB transmission for SCell to achieve the maximum energy-saving gain, the triggering method, e.g., an uplink wake-up signal by UE, SCell activation signaling, can be considered.
[bookmark: _Toc19132][bookmark: _Toc21994][bookmark: _Toc152613158]On-demand SSB transmission for SCell for connected UEs based on SSB-less SCell framework and the triggering method should be specified in Rel-19.
3.2. On-demand SIB1 and SSB transmission for idle/inactive UEs
As discussed above, reducing SSB/SIB1 transmission is an important solution for network energy saving, especially for low/empty load. Therefore, on-demand SIB1/SSB transmission by idle/inactive UEs was discussed in 3GPP RAN#101[3]. Based on the outcome of the discussion, one of the controversial issues is whether to consider on-demand SSB along with on-demand SIB1. 
In our views, the mechanism of on-demand SIB1/SSB transmission is to guarantee the system performance and fulfil requirements by UE for synchronization, system information acquisition, etc. The reason why it has potential NES benefit is that BS has the opportunity to enter to sleep mode when there is no SSB/SIB transmission. Therefore, the potential NES gain from on-demand SSB/SIB is determined by SSB-less/SIB-less. 
[bookmark: _Toc18298]On-demand SSB/SIB is to guarantee the system performance and fulfil requirements by UE for synchronization, system information acquisition, etc.
From this perspective, the evaluation results of SIB1-less and SIB1-less+SSB-less are analyzed. It can be observed in TR38.864 that the SIB1-less only (with SSB transmission) cell can provide 33.6%~16.0% BS energy saving gain compared with a cell with 20ms SIB1 and SSB periodicity, and the gain decreases to 4.0% when the baseline SIB1 periodicity increases to 160ms. Meanwhile, with both SSB-less and SIB1-less, the BS energy savings can be 9.4%~98.4% compared with the baseline of SSB+SIB1 periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms}. It is obvious that SSB-less and SIB1-less cell provides more attractive NES gain than SIB1-less only cell.
[bookmark: _Toc7565]Based on the evaluation results in TR38.864, it is observed that 
· [bookmark: _Toc2960]SIB1-less only (with SSB transmission) cell can provide 33.6%~16.0% BS energy saving gain compared with a cell with 20ms SIB1 and SSB periodicity, and the gain decreases to 4.0% when the baseline SIB1 periodicity increases to 160ms,  
· [bookmark: _Toc22143]With both SSB-less and SIB1-less, the BS energy savings can be 9.4%~98.4 compared with the baseline of SSB+SIB periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms}.
Therefore, both on-demand SIB1 and SSB transmission for idle/inactive UEs should be supported in Rel-19 NES. What’s more, there is no framework for on-demand SIB1 only.
One deployment scenario of on-demand SSB and SIB is to enable more dynamic cell on/off operation in the case of single carrier. The on-demand SIB1 and SSB can be triggered by UE to request capacity cell to be switched on when there is a need of data transmission, otherwise, gNB can switch the cell of for energy saving. In this case, a wake-up mechanism can be introduced to trigger the SSB and SIB1 transmission. Therefore, the on-demand SIB1 and SSB should be considered at least in single carrier case where the dynamic cell on/off can be enabled when there is no SSB and SIB1 transmission.
[bookmark: _Toc152613159]Both on-demand SIB1 and SSB transmission for single carrier by idle/inactive UEs should be supported in Rel-19 NES, including wake-up mechanism.
What’s more, the SSB/SIB1-less operation in multi-carrier scenario were also discussed in the previous meetings. Based on the analysis above, if periodic SSB transmission is still required, it will be difficult for the NW to switch the cell to deep sleep and save energy. Meanwhile, according to the simulation results in [2], if the SIB1 of the SIB1-less cell is carried on another cell, it will increase the energy of that carrier by 2.3%~17.8%, resulting a total saving across two cells by 1%~22.9%. With both SSB-less and SIB1-less from one of two cells, if the SIB1 of the SSB-less and SIB1-less cell is carried on another cell, it will increase the energy of that carrier by 2.3%~17.8%, resulting a total saving across two cells by 7.1%~80.6%. 
Therefore, for multi-carrier scenario, both SSB-less and SIB1-less cell can achieve more significant energy-saving gain.
3.3. Cell DRX/DTX operation enhancements
In Rel-18, cell DTX/DRX mechanism for connected mode UE is discussed. During the cell DTX/DRX non-active period, the gNB can terminate the transmission/reception of some signals/channels to achieve energy saving gain.
Given the limited TU in Rel-18, only SPS, periodic/semi-persistent CSI-RS for channel measurement and PDCCH can be switched off during the cell DTX non-active period. For other signals, such as TRS, CSI-RS for RRM/RLM measurement, are not impacted by cell DTX operation. Therefore, due to the transmission of these periodic signals, the gNB cannot go to sleep, the opportunities for gNB energy saving are reduced. To further obtain more energy saving gain, these identified physical signals should be muted during non-active periods of cell DTX in Rel-19. Supporting configuration of multiple cell DTX/DRX patterns where only a single cell DTX/DRX pattern is active at a single point in time would also be beneficial as the network can dynamically activate the DTX/DRX pattern to support multiple traffic types with different requirements and reduce the energy consumption. Furthermore, inter-node information exchange on cell DTX/DRX is not supported in Rel-18, it needs to be further discussed in Rel-19.
[bookmark: _Toc152613160]Further enhancement on cell DTX/DRX for connected UE should be considered in Rel-19, including terminating periodic TRS and CSI-RS for RRM/RLM during non-active periods of cell DTX/DRX, support of multiple DTX/DRX patterns on the same serving cell with only one activated at a time and inter-node information exchange on cell DTX/DRX.
3.4. Multi-TRP adaptation
In Rel-18, spatial/power domain adaptation focuses on single TRP scenario. However, multi-TRP scenario is also an important use case in NR, and enhancement on multi-TRP adaptation should also be considered.
A potential enhancement of multi-TRP is to extend the multi-CSI reports to multi-TRP. It can help gNB make better decision in spatial/power domain adaptation. It is obvious that the overhead of multi-CSI for multi-TRP can be significant, and overhead reduction of multi-CSI report can be considered.
[bookmark: _Toc16458][bookmark: _Toc8602][bookmark: _Toc152613161]Enhancement on multi-TRP adaptation can be considered, e.g., multi-CSI reports for multi-TRP.
3.5. Scenario 2a for SSB-less SCell for inter-band CA
During the Rel-18 discussion, SSB-less SCell for inter-band CA for FR1 and co-located cells is discussed and three scenarios have been identified.
· Scenario 1: SCell without SSB transmission and with TRS transmission,
· Scenario 2: SCell without SSB transmission and without TRS transmission,
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side.
For the three scenarios discussed in RAN 4 in Rel-18 WI phase, scenario 1 is prioritized. However, in scenario 1, the TRS transmission reduces network sleep opportunity so that network cannot obtain the energy saving gain provided in TR38.864. Moreover, based on the power consumption model in TR38.864, the power consumption of UL reception is close to micro-sleep state, while the relative power of DL transmission is several times larger than UL reception. Therefore, in scenario 2a with uplink only SCell, gNB can shut down the DL transmitter to achieve more significant power saving. Therefore, scenario 2a is suggested to be further considered in Rel-19.
[bookmark: _Toc6824][bookmark: _Toc28799][bookmark: _Toc152613162]Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side, is suggested to be further considered in Rel-19.
4. Objectives for Rel-19 NES enhancement
Based on the discussion above, the objectives for Rel-19 network energy saving enhancement are suggested as follows.
1. Specify on-demand SSB transmission for SCell for connected UEs, including triggering procedures, e.g., SCell activation/deactivation, UE uplink wake-up-signal. [RAN1, RAN2, RAN4]
2. Specify on-demand SIB1 and SSB transmission for idle/inactive UEs in single carrier scenario, including triggering method, e.g., UE uplink wake-up-signal. [RAN1, RAN2, RAN4]]
3. Specify enhancement on cell DTX/DRX mechanism, including terminating periodic TRS/CSI-RS for RRM/RLM measurement during non-active periods of cell DTX/DRX, support of multiple DTX/DRX patterns on the same serving cell with only one activated at a time, and inter-node information exchange on cell DTX/DRX. [RAN1, RAN2, RAN3, RAN4]
4. Specify enhancement on multi-TRP adaptation including multi-CSI reports for multi-TRP. [RAN1, RAN2]
5. Specify mechanism(s) to support SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side [RAN4, RAN2] 
[bookmark: _Toc152613163]Support the suggested objectives in Clause 4 for Rel-19 NES enhancement.
5. Conclusion
In this contribution, we discuss the potential enhancement on network energy saving techniques in Rel-19 and have the following observations and proposals.
Observation 1: For SSB-less in CA scenario, BS energy saving gain can be 80.4%~97.4% at empty load, 6.1%~72.7% at low load for DL traffic compared with baseline of SSB periodicity of {20ms, 80ms, 160ms}.
Observation 2: Current SSB-less SCell can be only applied to intra-band cells and co-located inter-band cells in FR1. The energy saving gain from SSB-less SCell is limited due to the restricted application scenario.
Observation 3: On-demand SSB/SIB is to guarantee the system performance and fulfil requirements by UE for synchronization, system information acquisition, etc.
Observation 4: Based on the evaluation results in TR38.864, it is observed that
 SIB1-less only (with SSB transmission) cell can provide 33.6%~16.0% BS energy saving gain compared with a cell with 20ms SIB1 and SSB periodicity, and the gain decreases to 4.0% when the baseline SIB1 periodicity increases to 160ms,
 With both SSB-less and SIB1-less, the BS energy savings can be 9.4%~98.4 compared with the baseline of SSB+SIB periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms}.

Proposal 1:	The enhancements of NES in Rel-19 should be based on the study outcome in Rel-18, and focus on directions which can provide significant energy saving gain.
Proposal 2:	On-demand SSB transmission for SCell for connected UEs based on SSB-less SCell framework and the triggering method should be specified in Rel-19.
Proposal 3:	Both on-demand SIB1 and SSB transmission for single carrier by idle/inactive UEs should be supported in Rel-19 NES, including wake-up mechanism.
Proposal 4:	Further enhancement on cell DTX/DRX for connected UE should be considered in Rel-19, including terminating periodic TRS and CSI-RS for RRM/RLM during non-active periods of cell DTX/DRX, support of multiple DTX/DRX patterns on the same serving cell with only one activated at a time and inter-node information exchange on cell DTX/DRX.
Proposal 5:	Enhancement on multi-TRP adaptation can be considered, e.g., multi-CSI reports for multi-TRP.
Proposal 6:	Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side, is suggested to be further considered in Rel-19.
Proposal 7:	Support the suggested objectives in Clause 4 for Rel-19 NES enhancement.
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