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[bookmark: _Ref2933478]Introduction
The R18 SI on network energy savings has been completed in the WGs, and the scope of a WI is expected to be discussed. In this contribution, we present our views on the WI scope.
WI Scope Discussion
Background
The study on network energy savings has been completed in the WGs, and the conclusion of TR 38.864 is provided in the Appendix for reference.
Many techniques have been proposed and studied during the SI phase, including 15 major techniques with sub-techniques for some of them. Quite some techniques had shown decent network energy savings with various assumptions/scenarios.
In addition, the following tentative TU allocation was agreed for R18 WI on network energy saving for the WGs.	
Table 1 TU allocation for R18 network energy savings WI
	Network energy savings
	1Q'2023
	2Q'2023
	3Q'2023
	4Q'2023

	RAN1
	1
	4
	2
	

	RAN2
	1
	2
	1
	2

	RAN3
	0.5
	0.5
	0.5
	0.5



	Network energy savings
	1Q'2023
	2Q'2023
	3Q'2023
	4Q'2023

	
	RAN4#106
	RAN4#106b
	RAN4#107
	RAN4#108
	RAN4#108b
	RAN4#109

	
	RF
	RD
	RF
	RD
	RF
	RD
	RF
	RD
	RF
	RD
	RF
	RD

	RAN4
	 
	 
	0.25
	0.25
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5



WI scope
Given the general overload in the WGs and the rush that had been experiencing in completing various SIs/WIs (including the SI on network energy savings), we think it is very important to define the WI scope properly. It is much better to include fewer objectives to allow quality work to be done instead of including more objectives and designing the features in a rush.
RAN1 scope
Based on the tentative TU allocation and the specification impact of various techniques being studied, we think it is the best to have 2 well-defined objectives for RAN1/RAN2 in the WI.
The TR conclusions already provide some scope narrow-down from all the techniques being studied. It is reasonable to focus on the techniques that have attracted more interest and shown potentials in network energy savings. To choose among these techniques, we need to carefully balance the realistic energy saving compared to what can be achieved with implementation-based approaches using legacy mechanisms, performance impact, legacy UE impact, specification impact, and the applicable scenarios.
Among all the techniques, Technique C-1 Adaptation of spatial elements is recommended in the TR conclusion by RAN1, which should be included in the WI scope.
For the remaining techniques, some discussions already occurred in RAN1 on what else to recommend to RAN plenary when drawing the TR conclusion, without consensus. The discussion had mostly focused on A-1-1, A-1-3, A-1-4 (for paging enhancement), A-5-1/B-1-1, A-5-2, B-2, and A-3. In the table below, we share our views on each of these techniques. Note that all these techniques showed decent network energy savings at least in some cases, which is not repeated in the table.
Table 2 Analysis of network energy saving techniques studied in RAN1
	Technique
	Major Consideration Points

	A-1
	Adapting transmission/reception of common channels/signals
	

	A-1-1
	Simplified version of SSB, such as only PSS, only PSS and SSS without PBCH, or PSS and SSS with partial PBCH
	· Not support legacy UEs
· The energy saving gain is relatively moderate compared to other techniques
· May have significant specification impact in terms of initial access, RRM/RLM measurement and mobility support for the new UEs

	A-1-3
	configuration/adaptation of longer periodicity of common signals and/or PRACH
	· Not support legacy UEs
· The large energy saving was observed in the evaluations mainly because the baseline case uses 20 ms periodicity for SSB/SIB1 and PRACH. However, larger periodicity is supported in legacy system already.

	A-1-4
	configuration/adaptation of transmission patterns of common signals, i.e. Paging or SSB
	For paging enhancements:
· Legacy UE can still be supported with proper gNB implementation

· The large gain was shown by a single source only for systems with zero traffic load and large paging load. Realistically speaking, such gain may not be achievable because:
· Paging load may not be so large
· It is not typical to have very low traffic load and very high paging load.
· This only works if the large paging load is mainly contributed from the new UEs. Otherwise, the legacy paging configuration still needs to be used to support legacy UEs.

	A-3
	UE wake up signal (WUS) for gNB
	· Practically cannot support legacy UEs
· Legacy UEs cannot wake up a cell that is inactive, and cannot operate in the cell if not provided with expected transmission from the cell.
· Significant specification impact, including
· WUS signal design and the configurations
· Triggering mechanism for WUS
· Impact on DL synchronization and UE measurements
· Impact on UE behaviors/procedures before and after WUS transmission
· MAC behavior, e.g. retransmission and potential power ramping mechanism of UL WUS signal
· These aspects have not been discussed much in the SI 


	A-4
	Adaptation of DTX/DRX
	· Legacy UE can still be supported with proper gNB implementation

	A-5
	adaptation of SSB/SIB1 including on-demand SSB/SIB1
	

	A-5-1
	UE may obtain system information from other associated carriers/cells and synchronize from other associated carriers/cells and/or synchronize from signal(s) transmitted on the cell (single-carrier)
	· Only applicable to multi-carrier deployment scenarios at the network side
· Not support legacy UEs
· May have significant specification impact in terms of initial access, RRM/RLM measurement and mobility support for the new UEs

	A-5-2
	on-demand SSBs/SIB1 (can be combined with A-3 UE WUS)
	· Not support legacy UEs
· May have significant specification impact, e.g., channel/signal design and behavior and procedures of on-demand SSBs/SIB1 and any related signaling, initial access, RRM/RLM/BFD procedures and mobility support, design and procedures related to the new signal if a new signal (e.g. light version of SSB, or discover signal) is introduced

	B-1-1
	inter-band CA with SSB/SIB1-less SCell
	· Only applicable to inter-band CA case
· Legacy UE cannot use it as PCell/PSCell
· Impact on AGC of the UE was not considered.
· Impact due to lack of cell measurement was not considered.
· Feasibility study still needed in RAN4

	C-2
	Adaptation of TRPs in mTRP operation
	· Only applicable to mTRP operation, very limited use cases (no or limited deployment of mTRP)

	D-1
	Adaptation of transmission power of signals and channels
	· The energy saving gain is relatively moderate compared to other techniques 
· May have significant specification impact, e.g., due to the impact on RRM/RLM measurement, CSI measurement/reporting, beam management, beam failure recovery, cell (re)selection and handover



Among these techniques, A-4 receives good support in both RAN1 and RAN2, and it can support legacy UEs with proper gNB implementation. In addition, the specification impact can be moderate to achieve the energy saving gain. Therefore, we think A-4 should be included in the WI scope.

Generally speaking, we think the support of legacy UEs is a very important consideration factor, as we would like to use the limited time to specify the technique(s) that can be used widely. For any techniques that adapts/eliminates the common signals such as SSB/SIB1, it may not be able to support legacy UEs as analyzed in the table. These techniques may also have significant specification impact due to the impact on synchronization, initial access, RRM/RLM/BFD and mobility support, thus having significant impact on the UE implementation as well. These aspects were not discussed in any detail during the SI phase, and it is not clear how it would affect the effectiveness of the solutions and/or the complexity involved in both specification and UE implementation. Therefore we prefer not to include these techniques.

RAN2 scope
Below table summarizes the conclusion of studied techniques:

Table 3 Conclusion of network energy saving techniques studied in RAN2
	Techniques
	SI conclusion

	Cell DTX/DRX
	· From RAN2 perspective, Cell DTX/DRX is feasible.
· It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.


	SCell without SSB in inter-band CA
	· Feasibility of this solution is in RAN1 scope.


	NES cell without SSB/SIB
	· Feasibility of this solution is in RAN1 scope.


	Cell selection/reselection
	· From RAN2 perspective, legacy UEs and NES-capable UEs can be handled via cell selection/reselection techniques in the presence of NES cells.


	Connected mode mobility
	· From RAN2 perspective, CHO enhancements are feasible.




Based on the SI conclusion, we prefer to include Cell DTX/DRX and Cell selection/reselection in the R18 WI scope based on below consideration:
· Cell DTX/DRX: it is concluded to be feasible from RAN2 perspective and can support legacy UE. Meanwhile, it receives good support in both RAN1 and RAN2.
· Cell selection/reselection: it is concluded that both legacy UEs and NES-capable UEs can be handled in the presence of NES cells. And its specification impact is only from RAN2 and expected to be manageable. 

For other RAN2 studied techniques:
· We prefer not to include RAN1 centric techniques (including SCell without SSB in inter-band CA and NES cell without SSB/SIB) in R18 WI scope, as we analyzed in Section 2.2.1. 
· For Connected mode mobility, we do not have strong opinion. If TU allocation for RAN2 allows, we are fine if it is included in R18 WI scope.

Technique C-1, if agreed, is more RAN1-centric, which requires with some signaling support from RAN2. But it can have potential RAN4 impact on e.g. RRM/RLM measurement. Technique A-4 may also have potential RAN4 impact if it affects the UE measurement procedures, so RAN4 is added tentatively for A-4 in the proposal below.

Proposal:
The following should be included in the R18 WI scope for network energy savings:
· Adaptation of DRX/DTX [RAN1, RAN2[, RAN4]]
· Adaptation of spatial elements [RAN1, RAN2, RAN4]
· Cell selection/reselection [RAN2]
Conclusion
Based on the discussions above, we have the following proposal:
Proposal:
The following should be included in the R18 WI scope for network energy savings:
· Adaptation of DRX/DTX [RAN1, RAN2[, RAN4]] 
· Adaptation of spatial elements [RAN1, RAN2, RAN4]
· Cell selection/reselection [RAN2]
Reference
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Appendix: Conclusion of TR 38.864
The study of time domain techniques can be summarized as follows.
Depending on factors such as selected baselines, BS categories, SLS configurations (including reference configurations, traffic models, number/periodicity of reference signals), scaling parameters, and UE profiles (including UE RRC_IDLE/INACTIVE/CONNECTED mode, DRX configurations), as well as conditions (such as gNB detection, gNB coordination, UE ability of synchronization) etc., 
· 4 sources show technique A-1-1 of simplified SSB without PBCH or with partial PBCH could achieve BS energy savings by 0.7%~30.49% in range, with no observed impact on UPT due to empty load.
· 2 sources show technique A-1-2 of static skipping one or more of SSB/SIB1 transmission could achieve BS energy savings by 0.3%~25.4% in range, meanwhile the impact on access delay/latency is not provided in the simulation.
· 9 sources show technique A-1-3 of statically adapting the periodicity of SSB longer than 20ms up to 1280ms (with current maximum periodicity being 160ms) could achieve BS energy savings by 0.9%~84.8% in range, meanwhile when traffic occurs and load increases, the UPT significantly decreases and the latency/access delay/UE power consumption increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline.
· 2 sources show technique A-1-4 of statically adapting Paging (by 1 source) or SSB transmission patterns (by 1 source), could achieve BS energy savings by 0.2%~42.3% in range for Paging enhancement or 10.3% for SSB enhancement, meanwhile UPT/latency impact are not reported.
· 1 source shows technique A-1-5 of statically adapting RACH periodicity/occasions could achieve BS energy savings by 14.4%~24.9% in range, meanwhile access delay/latency is increased from 10ms to 70ms, proportional to the increased PRACH periodicity.
· 1 source shows technique A-1-6 of scheduling SIB1 by SSB could achieve BS energy savings by 4.8%~14.8% in range without report of impact on UPT/latency as irrelevant to the technique.
· 5 sources show technique A-3-1 of UE WUS triggering gNB for SSB/SIB/RACH, with the assumption of ideal detection of UE WUS, could achieve BS energy savings by 6.2%~80.7% in range with UPT loss by 0%~24.2%, while 1 source shows technique A-3-2 of UE WUS triggering gNB to wake up in case of uplink traffic arrival could achieve BS energy savings by 25.7%~93% in range, with latency reduction of 0%~45.5% depending on the SR periodicity assumed in the baseline, 
· Note technique A-3-2 of UE WUS triggering gNB to wake up in case of uplink traffic arrival assumes that gNB can detect WUS during sleep state.
· 6 sources show technique A-4 of semi-static UE C-DRX alignment could achieve BS energy savings by 0.2%~71.4% in range, meanwhile, 3 sources show that there is negative impact on UPT with loss from 0.91% to 15.5%, and 1 source shows that when the UE DRX cycle is 160ms and gNB active time is 80ms the UPT is increased while in other configurations there can be large UPT loss (up to 62.4%), 1 source shows marginal increment on latency while 1 source show up to 50% latency increase.
· 3 sources show technique A-5-2 of on-demand SSB/SIB1 could achieve BS energy savings by 2.6%~43.4% in range, meanwhile performance impact of on demand SSB/SIB was not provided.
· Technique A-1-4 of adapting Paging and technique A-1-5 of adapting RACH periodicity/occasions may be used in a cell where legacy UE can still use legacy Paging/RACH resources with negative impact on latency for legacy UEs, while other techniques except technique A-3 and A-4 may be enabled for a carrier only when legacy UEs are not using the carrier.
· [bookmark: _Hlk120689592]For technique A-3, legacy UEs cannot wake up a cell that is inactive, and cannot operate in the cell if not provided with expected transmission from the cell; for technique A-4, depending on DTX/DRX configuration, legacy UEs may not be impacted.
· Technique A-4 of adaptation of Cell DTX/DRX is also studied in higher layer. From RAN2 perspective, technique A-4 is considered feasible and it is also beneficial to align UE DRX durations with Cell DTX and DRX durations among multiple UEs.
· Technique A-3 of UE WUS is also discussed in higher layer and from RAN2 perspective, it is feasible if RAN1 agrees to support WUS, and details can be discussed in normative phase if supported.
For techniques in frequency domain, the study can be summarized as follows.
Under various conditions,
· 8 sources show technique A-5-1 (for non-CA) or B-1-1 (for CA) of SSB- and/or SIB1-less operation in two carriers deployment could achieve BS energy savings by 0.3%~98.4% in range on the energy saving cell/carrier and if more information, such as system information, needs to be transmitted at the anchor carrier then 2.3%~18.9% BS energy increases on the associated cell/carrier, meanwhile the UPT/UE power consumption is not negatively impacted while 1 source shows slightly increased UPT and 1 source shows reduced SCell activation delay, assuming UE sync is based on SSB from anchor carrier and UE measurement is not considered,
· A cell without SSB (or SIB1) cannot be operated as PCell/PSCell/inter-band SCell (or PCell for SIB1-less) for legacy UEs. Mobility performance impact(s) (for techniques A-5-1 of SSB-less operation in non-CA), or performance impact(s) due to lack of AGC and cell measurement (for techniques B-1-1 of SSB-less operation in CA) is not provided. For non-CA operation with both SSB-less and SIB1-less, comparison to CA is not provided.
· 1 source shows technique B-1-2 of dynamic UE-group PCell switching could achieve BS energy savings by 5.8%~37.5% in range, meanwhile UPT degrades by 14% if one SCell goes to dormant state.
· 1 source shows technique B-2 of statically BWP adaptation of BW reduction for multiple UEs within a carrier could achieve BS energy savings by 17.4%~52.2% in range, while the reported UPT loss ranges from 6.1%~28.2%.
· 2 source show technique B-3 of BW adaptation of multiple UEs within a BWP could achieve BS energy savings by up to 1.75%, and 1 source shows negative energy saving gains (i.e. energy consumption increase) up to 75.4% with significant UPT loss (up to 88%).
· Evaluation of all techniques is based on the baseline BS power model in Section 5.
· From RAN2 perspective, technique A-5-1/B-1-1 of SCell without SSB in inter-band CA and NES cell without SSB/SIB may need more detailed study in normative phase (if supported) with feasibility up to RAN1. From RAN2 perspective, techniques B-2 is not considered.
[bookmark: _Hlk120647727]Based on the study and summary, from time and frequency domain, 
· [bookmark: _Hlk120776030]Technique A-4 of adaptation of DTX/DRX, including the alignment of Cell DTX/DRX with UE DRX, is beneficial for network energy savings.
· Adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings. 
For techniques in spatial domain, over baseline of 32/64 TxRU for a gNB/TRP, the study can be summarized as follows,
· 12 sources show technique C-1 of adaptation of spatial elements could achieve BS energy savings by 0~48.2% in range, with legacy UE co-existence, at the expense of small (less than 10% for dynamic adaptation with multi-CSI) to large (up to 87.08% for static adaptation) negative impact on UPT. 4 sources provide evaluation results for dynamic adaptation while 9 sources provide evaluation result for static adaptation.
· 3 sources show technique C-2 of TRP muting in multi-TRP operation could achieve BS energy savings by 19.7%~41.6% in range, at the expense of UPT loss of 7.27%~22% for static TRP muting. 1 source provides evaluation results for dynamic adaptation while 2 sources provide evaluation results for static adaptation.
Based on the study, at least a technique based on C-1 is beneficial for network energy savings, and can be recommended. Technique C-2 also has the potential to provide large network energy saving gain.
For techniques in power domain, the study can be summarized as follows, 
· [bookmark: _Hlk120689429]10 source show technique D-1 of transmission power reduction on PDSCH could achieve BS energy savings by 2.3%~51.5% in range, with legacy UE co-existence, with UPT loss of 0~19.49%/latency increment of up to 24.21%/UE power consumption increment of up to 14.78%. 2 sources provide evaluation results for dynamic adaptation while 8 sources provide evaluation results for static adaptation.
· 1 source shows technique D-2 of over the air digital pre-distortion, technique D-3 of channel aware tone reservation, and technique D-5 of UE post-distortion, could achieve BS energy savings by 8.9%, by 2.1%~9.5%, and by 16.1% respectively, with no/negligible negative impact on UPT/UE power consumption, with PA scaling values not covered by the scaling of power model in section 5.
Based on the study, at least a technique based on D-1 is beneficial for network energy savings.
For other higher layer aspects for network energy savings, from their perspective, the study can be summarized as follows.
· It is feasible to handle legacy UEs and NES-capable UEs via cell (re-)selection techniques. It is also feasible and possible to enhance the CHO framework to handover UEs faster.
· Group HO is not considered.
· Inter-node beam activation and paging enhancement need more study in normative phase, if supported.
· [bookmark: _Hlk120626845]A means that one can prevent legacy UEs from camping on NES cells (of which definition can be left to WI phase), and/or allow NES-capable UEs to (down-)prioritize specific NES cell(s) on specific frequency, is needed, which is left to the WI phase depending on whether the existing mechanism for cell (re)selection is sufficient according to the NES techniques specified.
It is recommended that the normative phase includes not only energy saving techniques (the necessary enhancements would need to be further identified during the normative phase) but also the mitigation of their impacts when network applies network energy savings technique(s).
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