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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Plenty of candidate techniques for time, frequency, spatial and power domains were discussed and evaluated during the study item (SI) of Rel-18 network energy saving (NES) [1], and some of them were set up for the Rel-18 NES work item (WI) [2], and are now being specified during the WI, including: 
· CSI enhancements for adaptations in spatial and power domains
· Cell DTX/DRX mechanism for time domain
· SSB-less SCell operation for inter-band CA for FR1 and co-located cells for frequency domain 
In addition, Rel-19 workshop was held in June 2023, and categorization of topics was done based on the workshop contributions. For the NES topic, it is expected to be continued in Rel-19 based on the study outcome in Rel-18 and need to focus on areas which can provide significant power savings with reasonable standardization efforts [3]. 
In this contribution, we discuss further potential enhancements for Rel-19 NES, and also provide the potential objectives for R19 WI (WID). 
Motivation for Rel-19 NES WI
As for Rel-18 NES WI, the specification only refers to the signals/channels for UEs in RRC CONNECTED mode. Specifically, CSI enhancements for spatial and power domains refers to CSI configuration and report, cell DTX/DRX mechanism has no impact to IDLE/INACTIVE UEs as noted in the Rel-18 WID, and SCell SSB-less refers to CA configuration. 
However, signals/channels for IDLE UEs does occupy a certain part of time and frequency resource especially for empty/low load scenarios. For example, Table 1 as listed below shows that there are nearly 30% for FR1 and 15% for FR2 for the time domain resource occupancy ratio being active in time for SSB and SIB1 transmission. In addition, there can be other transmission and reception at the gNB side for IDLE UEs, including on-demand system information (OSI), paging, and RACH, etc. 
[bookmark: _Ref100590119]Table 1 Time domain resource occupancy ratio of SSB and SIB1
	
	FR1 @ 30kHz & 8 beam
	FR2 @ 120kHz & 64 beam

	SSB 
	6.5%
	14.8%

	SIB1
	22.7%
	14.8%

	Total
	29.2%
	14.8%

	System configuration:
· Frame structure is 7D : 1S : 2U 
· periodicity of SSB and SIB1 = 20ms and SIB1 is slot-based transmission
· SSB/CORESET multiplexing pattern = Pattern 1 for FR1 and Pattern 3 for FR2



Observation 1: There are nearly 30% for FR1 and 15% for FR2 for the time domain resource occupancy ratio being active in time for SSB and SIB1 transmission. 
Observation 2: There is other transmission and reception at the gNB side for IDLE UEs, including on-demand system information (OSI), paging, and RACH, etc.
Therefore, on the one hand, common control signals/channels such as SSB, SIB, paging and RACH, have non-negligible time domain occupancy ratio and thus consumes a certain part of dynamic power. On the other hand, transmission/reception for common control signals/channels may prevent the gNB to enter the sleeping modes even if cell DTX/DRX is introduced in Rel-18. 
Observation 3: Transmission/reception for common control signals/channels not only consumes a certain part of dynamic power, but also prevents the gNB to enter the sleeping modes even if cell DTX/DRX is introduced in Rel-18. 
Proposal 1: Rel-19 NES should first focus on the adaptation of the common signals/channels. 
Note that the summary for Rel-19 RAN workshop suggests to continue Rel-19 NES based on the study outcome in Rel-18. During Rel-18 NES SI, many candidate techniques on adaptation of common control signals/channels were discussed and evaluated, including on-demand SSB/SIB1, SIB1/paging-less non-anchor NES cell(s), dynamic adaptation for configuration of SSB/SIB/paging/RACH, etc., which will be discussed in section 3. 
Proposal 2: For the adaptation of the common signals/channels, Rel-19 NES WI should take the corresponding candidate techniques that were discussed and evaluated during Rel-18 NES SI as the starting point.
Except the techniques for common signal/channel adaptation and those already captured in the Rel-18 WI, some other techniques were also discussed in Rel-18 SI, including enhancements for M-TRP, PA efficiency and frequency adaptation, etc. However, Rel-19 WI should only consider the candidate techniques that were got sufficient evaluations and were concluded with promising NES gain. For example, the M-TRP case is not the basic MIMO mode but a specific configured case. Based on current specification, the gNB can still shutdown a TRP for energy saving, and the specification efforts for UE behaviours will not bring extra NES gain. The techniques for PA efficiency was discussed with very limited evaluations. 
As to the further optimizations for the CSI enhancements for power and spatial domains and cell DTX/DRX, based on the already specified techniques in Rel-18 NES WI, the additional power saving gain and standardization efforts need to be carefully justified before taking them to Rel-19 NES WI. 
Proposal 3: For the techniques studied in Rel-18 SI except those of common signal/channel adaptation, and the potential further optimizations for techniques in Rel-18 WI (e.g. CSI enhancements and cell DTX/DRX), the additional power saving gain and standardization efforts need to be carefully justified based on the already specified techniques in Rel-18 NES WI. 
Adaptation of common control signals/channels
In this section, we focus on the discussion for the common signal/channel adaptation for the potential scope and objectives of Rel-19 NES WI. Specifically, we classify the discussion into two separate directions, i.e., IDLE mode and RRC CONNECTED mode. For IDLE mode, SIB1-less non-anchor NES cell and on-demand SSB/SIB1 are discussed. For RRC CONNECTED mode, on-demand SSB for SCell(s) for inter-band CA is discussed. 
Common signal/channel adaptation for RRC IDLE mode
SIB1-less non-anchor NES cell (i.e., non-anchor NES cell without SIB1) for UE in IDLE mode
Normally, each cell can provide IDLE mode functions for camping and initial access, which requires the common signals/channels including SSB/SIB/paging/RACH to be transmitted/received on each cell, leading to non-negligible dynamic power consumption and potential high static power in case of non-sleeping mode in empty/low load cases. One implementation way is to shutdown part of the cells, namely non-anchor NES cell(s), but then the non-anchor NES cell(s) cannot provide IDLE mode functions, resulting that all UEs do the camping and initial access on cell transmitting the common signals/channels, namely anchor cell. 
Therefore, SIB1-less non-anchor NES cell operation is proposed, as shown in Figure 1, the anchor cell provide the IDLE camping by transmitting the SSB/SIB/paging and the anchor cell also transmits the SIB1 for non-anchor NES cell(s), while the non-anchor NES cell just transmits SSB/DRS if needed (e.g. can be omitted if non-anchor NES cell and the anchor cell are synchronized and co-located) and RACH for cell discovery, measurement and initial access. For the UE behaviour, the UE monitors the anchor cell for IDLE camping, and performs L3 measurement for non-anchor NES cell, and if the UE needs to access the network, the UE can do the fine synchronization to the non-anchor NES cell if needed and then transmits PRACH on the non-anchor NES cell. 
The SIB1-less non-anchor NES cell operation can provide NES gain for the non-anchor NES cell(s) as shown in Figure 2, and maintain the initial access function for each cell. In addition, since SIB1 for the non-anchor NES cell is transmitted on the anchor cell, UE can get the RACH related configurations from anchor cell and thus can access the non-anchor cell with reduced initial access delay. 
Observation 4: SIB1-less operation can provide significant network energy gain on non-anchor NES cell(s) and meanwhile maintain the initial access function for the non-anchor NES cell with reduced initial access delay. 
Proposal 4: SIB1-less operation for non-anchor NES cell(s) should be included in the Rel-19 NES WI.
 [image: ]
Figure 1. SIB1-less operation for non-anchor NES cell(s)
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Figure 2. NES gain for SIB1 -less operation

On-demand SSB/SIB1 for UE in IDLE mode 
On-demand SSB/SIB1 for UE in idle mode can be discussed from two perspectives. One perspective is both SSB and SIB1 or only SIB1 are on-demand triggered, and the other perspective is for single-cell or multi-cell cases. 
For the first perspective, if SSB is also on-demand triggered, then a DRS or a simplified SSB needs to be transmitted before the WUS transmission, but the whole procedure for WUS triggered mechanism is the same. 
For the second perspective as shown in Figure 3, for the single cell-case, since there is no other cell to help transmit system information like WUS configuration, the WUS configuration needs to be considered carefully, e.g. WUS  configuration may be needed to be indicated by the SSB/DRS, which may lead to non-trivial specification efforts. For the multi-cell case, it has less specification efforts since the WUS configuration can be provided from the anchor cell. However, the latency for initial access and the NES gain is inferior to the SIB1-less scheme, considering the extra procedures from WUS transmission to get the SIB1 and different UEs may separately trigger the gNB to transmit SIB1 frequently. 
Observation 5: On-demand SSB/SIB1 for UE in IDLE mode for the single-cell case can maximize the scenarios to achieve NES gain, however it may lead to non-trivial specification efforts due to WUS configuration.
Observation 6: On-demand SSB/SIB1 for UE in IDLE mode for multi-cell cases is inferior to the SIB1-less non-anchor NES cell operation on the initial access latency and NES gain. 
 [image: ]    [image: ]
(a) Single-cell case                                                            (b) Multi-cell case
Figure 3. On-demand SIB1 for IDLE mode

Dynamic configuration adaptation for common signals/channels
Currently, the configuration adaptation for the common signals/channels needs to rely on SI update procedure which is too slow and not flexible. So, dynamic configuration adaptation for common signals/channels was discussed during Rel-18 NES SI, e.g., to fast change the periodicity of SSB/SIB/paging/RACH, etc. However, it has lower NES gain compared to the SIB1-less and on-demand SSB/SIB1 schemes, since it still needs to transmit these common signals/channels on the target cell. Therefore, the extra NES gain should be carefully justified for this scheme on top of the SIB1-less and on-demand SSB/SIB1 schemes. 
Proposal 5: The extra NES gain for the techniques with dynamic configuration adaptation for common signals/channels should be carefully justified on top of the SIB1-less operation and on-demand SSB/SIB1 operation. 
On-demand SSB operation for SCell(s) for inter-band CA in RRC CONNECTED mode
In Rel-18 NES WI, SSB-less SCell operation is currently under specification, however it is limited to the scenario of inter-band CA for FR1 and co-located cells. Enhancements on SSB transmission for scenarios not covered by SSB-less is useful from network energy saving perspective, e.g., inter-band CA with FR1 band and FR2 band. 
Observation 7: There is need to do enhancements on SSB transmission for scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 band and FR2 band.
SSB-less operation relies on SSB from the other cell for time/frequency synchronization, L1/L3 measurements and SCell activation. However, for scenarios like inter-band CA with FR1 and FR2, it is difficult to rely on SSB on the FR1 cell to do the above functions for FR2. If always-on periodic SSB transmission is used to achieve the above functions, the FR2 SCell cannot be shut down or go to sleep mode. On-demand SSB can be used as the enhancements on SSB transmission for scenarios not covered by SSB-less operation, to achieve NES gain and also ensure appropriate/enhanced functions on SCell, including time/frequency synchronization, L1/L3 measurements and enhanced SCell activation, as shown in Figure 4. Necessary SSB pattern modification can be considered when SSB is triggered on-demand, e.g. compact SSB to fasten the measurement and activation. 
Proposal 6: On-demand SSB for SCell(s) in scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 and FR2, should be included in the Rel-19 NES WI. 
[image: ]
Figure 4. On-demand SSB operation for FR2 SCell
Potential objectives for Rel-19 NES WI
Based on the discussion in section 3, at least the following potential objectives can be taken for Rel-19 network energy saving WI:
· Specify SIB1-less non-anchor NES cell (i.e., non-anchor NES cell without SIB1) operation for UE in IDLE mode
· SIB1 for non-anchor NES cell carried on anchor cell
· Paging is only transmitted on an anchor cell and omitted in non-anchor NES cell
· Specify on-demand SSB SCell operation for scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 and FR2, where UE measures on-demand SSB on the SCell for enhanced measurements and SCell activation  
· Necessary enhancements on on-demand SSB triggering signalling  
· Necessary enhancements on SSB pattern 
Other techniques if justified for R19 NES, e.g. on-demand SSB/SIB1 for UE in IDLE mode and cell DTX/DRX for IDLE mode, the corresponding objectives can be further added. 
Conclusion
In this contribution, we discuss further potential enhancements for Rel-19 NES, and the observations and proposals are listed below: 
Observation 1: There are nearly 30% for FR1 and 15% for FR2 for the time domain resource occupancy ratio being active in time for SSB and SIB1 transmission. 
Observation 2: There is other transmission and reception at the gNB side for IDLE UEs, including on-demand system information (OSI), paging, and RACH, etc.
Observation 3: Transmission/reception for common control signals/channels not only consumes a certain part of dynamic power, but also prevents the gNB to enter the sleeping modes even if cell DTX/DRX is introduced in Rel-18. 
Observation 4: SIB1-less operation can provide significant network energy gain on non-anchor NES cell(s) and meanwhile maintain the initial access function for the non-anchor NES cell with reduced initial access delay. 
Observation 5: On-demand SSB/SIB1 for UE in IDLE mode for the single-cell case can maximize the scenarios to achieve NES gain, however it may lead to non-trivial specification efforts due to WUS configuration.
Observation 6: On-demand SSB/SIB1 for UE in IDLE mode for multi-cell cases is inferior to the SIB1-less non-anchor NES cell operation on the initial access latency and NES gain. 
Observation 7: There is need to do enhancements on SSB transmission for scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 band and FR2 band.

Proposal 1: Rel-19 NES should first focus on the adaptation of the common signals/channels. 
Proposal 2: For the adaptation of the common signals/channels, Rel-19 NES WI should take the corresponding candidate techniques that were discussed and evaluated during Rel-18 NES SI as the starting point.
Proposal 3: For the techniques studied in Rel-18 SI except those of common signal/channel adaptation, and the potential further optimizations for techniques in Rel-18 WI (e.g. CSI enhancements and cell DTX/DRX), the additional power saving gain and standardization efforts need to be carefully justified based on the already specified techniques in Rel-18 NES WI. 
Proposal 4: SIB1 -less operation for non-anchor NES cell(s) should be included in the Rel-19 NES WI.
Proposal 5: The extra NES gain for the techniques with dynamic configuration adaptation for common signals/channels should be carefully justified on top of the SIB1-less operation and on-demand SSB/SIB1 operation. 
Proposal 6: On-demand SSB for SCell(s) in scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 and FR2, should be included in the Rel-19 NES WI. 
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