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Introduction
In this contribution, we discuss the way forward related to the follow-up WID for the Rel.18 Study on Network Energy Saving for NR SID [1] in light of the conclusions of the corresponding technical report [2], which documents the study carried out in RAN1, RAN2, and RAN3. 
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Discussion
A broad range of network energy saving techniques were investigated during the study phase with the aim to enable RAN adaptations in time, frequency, spatial and power domains through partial or total muting of certain radio resources / hardware. This in turn may result in energy saving. The total number of techniques investigated as documented in the TR is remarkably large, and therefore a careful prioritization of the techniques to be standardized is required. In the following, we provide our views on such prioritization per domain considering the trade-offs between energy saving gain potential, performance impact and specification effort. 

Observation: A careful prioritization of the adaptation techniques per domain should be done considering the trade-offs between energy saving gain potential, performance impact and specification effort.
Techniques in time domain
[bookmark: _Hlk120808637]Adaptation of SSB/SIB transmission 
The number of techniques investigated [2] for adapting transmission/reception of common channels/signals is large (i.e. 9 techniques including Technique A-1-1 to A-1-6, A3, A-5-1 and A-5-2). Many of them are alternatives of each other, and few of them can complement each other. Also several of these impact legacy UEs, and thus cannot be used in a cell that has to accommodate legacy UEs. No consensus could be achieved during the study item phase on which of these techniques should be considered for normative work. In [2] it has been generically concluded that “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.” 
An important use case to address for energy saving is the unnecessary transmission of SSB/SIB by an empty cell when no UE is present, or no UE is receiving these transmissions. To avoid that, SSB/SIB1 transmission can be made on-demand (Technique A-5-2) by a cell transmitting either simplified SSBs (Technique A-1-1) or legacy SSBs. These on-demand transmissions can be triggered directly by the UE, upon need, by sending a wake-up-signal, WUS, (Technique A-3) as shown in Figure 2. As per TR 38.864, this solution can provide energy saving gains up to 80 % in low load scenarios at cost of slightly increased latency, and thus a slight UPT loss. The evaluation results show that most of the energy saving can be achieved already when using a legacy signal or channel for WUS such as a PRACH preamble or a Scheduling Request on PUCCH.
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[bookmark: _Ref120830330]Figure 2 On-demand SSB/SIB/RACH transmission triggered by UE WUS
[bookmark: _Hlk121139224]Proposal: For time domain, normative work should prioritize on-demand SSB/SIB transmission triggered by UE using a legacy signal/channel as WUS (e.g. PRACH preamble).
Furthermore, a similar use-case is about removing unnecessary transmission of SSB/SIB altogether when another co-located and intra-band cell can provide SSB for synchronization and can carry cross-carrier system information. This technique is denoted ‘SSB-less cell for non-CA in intra-band’ (Technique A-5-1 in TR 38.864) and is shown in Figure 3. This technique can be applied to RRC_IDLE and INACTIVE UEs enabling the UE to initiate for example UL data transfer with the SSB/SIB-less cell without having to first connect to a carrier transmitting SSB/SIB. Currently, in fact, the UE should perform initial access to carrier 1 and only afterwards can be then re-directed / handed-over to or configured in CA with the SSB/SIB-less carrier 2. As per [2], the conclusion is that this technique ‘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’.
Proposal: For time domain, normative work could consider SSB-less cell for non-CA in intra-band if time allocation allows it.
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[bookmark: _Ref120830535]Figure 3 SSB-less cell for non-CA in intra-band
The solutions above allow either to remove the transmission of SSB/SIB altogether or to make these transmissions only when needed. Thus, these provided complete means and flexibility for the gNB to adapt SSB/SIB transmissions, and therefore the remaining techniques can be de-prioritized.
Proposal: For time domain, normative work should be de-prioritized for the remaining techniques (i.e. A-1-2 to A-1-6).
 Cell DTX/DRX 
[bookmark: _Hlk120870321]Cell DTX/DRX (Technique A-4 in TR 38.864) entails that the gNB is allowed to turn off, partially or completely, transmission and reception for data traffic and reference signal during cell DTX/DRX non-active periods. This allows the gNB to more flexibly be able to enter a sleep state, and thereby save energy, during the non-active periods where e.g. no traffic is present or expected. This was studied separately in RAN1 and RAN2. RAN2 concluded that cell DTX/DRX is feasible, and RAN1 concluded that this technique may provide up to 70 % energy saving gain [TR 38.864]. For the scenario where there are multiple active UEs in the cell, the time alignment of the UEs’ DRX active time with cell DTX/DRX active time has been discussed. Note that currently the gNB can already align the UEs’ DRX configurations via dedicated RRC signalling. Further, cell DTX/DRX may be used even when there is a single active UE in the cell and if the network is operating in low load with already aligned UE DRX configurations. The TR conclusion [2] is that ‘Technique A-4 of adaptation of DTX/DRX, including the alignment of Cell DTX/DRX with UE DRX, is beneficial for network energy savings.‘
Proposal: For time domain, normative work should prioritize cell DTX / DRX at least for RRC connected UEs.
 Paging enhancements 
Confining the paging occasions in a paging window common to all UEs in a cell effectively increases the consecutive sleep period for the base station as illustrated in Figure 1. This paging enhancement (Technique A-1-4 in TR 38.864) was studied by RAN1 and RAN2. Per the conclusion in TR 38.864, the potential network energy saving may exceed 40 %. The reason is that the legacy paging procedure distributes UEs’ paging occasions evenly in the paging cycle and thus limits the base station’s sleep opportunities. To enable network energy saving, means should be specified to confine paging occasions in a common paging window, and specifically it should be specified how release 18 UEs can identify paging frames (PFs) and paging occasions (POs) in such window.
Proposal X: For time domain, normative work should prioritize paging enhancements enabling to confine the paging within a cell-specific paging window.  
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[bookmark: _Ref120789902]Figure 1 Confined paging in cell-specific paging window(s) (bottom) compared to legacy paging (top)
Techniques in frequency domain
SSB-less SCell in inter-band CA
In SSB-less SCell in inter-band CA (Technique B-1-1 in TR 38.864), the SSB-less SCell does not transmit SSBs, and the UE in CA should be able to acquire time/frequency synchronization with such SCell based on the SSB transmitted by PCell / another SCell operating in a different band. Currently, SSB-less SCell is supported for intra-band CA for the co-located scenario (same Time Advance Group, TAG). The evaluation results conducted by RAN1 (as provided in TR 38.864) were performed under ideal assumptions. For example, it was simply assumed that the UE synchronization with the SSB-less Scell can be successfully acquired from another cell with SSB transmission. However, no study about the feasibility to extend the SSB-less SCell support to the inter-band CA case was done during the SI phase due to lack of RAN4 TU allocations. The RAN4 WG would need to study and identify the necessary requirements, including at least the synchronization requirement between the inter-band carriers, the requirement on the maximum allowed frequency distance, Rx power difference and QCL assumption between the inter-band carriers. Based on the above considerations, we think it is immature to perform any normative work in WI phase. Thus, we propose to de-prioritize the Technique B-1-1. 
 Dynamic PCell switching
The dynamic PCell switching (Technique B-1-2 in TR 38.864) allows a primary cell common to a group of UEs to be dynamically indicated to the UEs. Currently, a gNB could configure a common primary cell for all or group of UEs by network implementation, where dynamic Pcell switching can be performed using UE-specific signalling. In Technique B-1-2, instead, use of group-common or cell-specific signaling is proposed. As the focus of the study is low/medium load scenario as stated in the SID, when only a limited number of UEs is active in the cell, then only minor network energy saving gain might be obtained with group-common or cell-specific signalling. In the RAN1 evaluation, no results were provided for group-common or cell specific signalling compared to UE-specific signalling. Based on the above considerations, we propose to de-prioritize the Technique B-1-2.   
 Adaptation of UE’s BWP within a carrier 
The adaptation of the bandwidth part of UE(s) within a carrier (Technique B-2 in TR 38.864) aims at enabling UE group-common or cell-specific BWP configuration and/or switching of the UE’s BWP. It also aims at enabling SPS PDSCH reception or Type-2 CG PUSCH transmission or SP-CSI reporting on PUSCH without reactivation after the BWP switching. The same considerations above apply here about the limited energy saving gain that can be obtained with group-common or cell-specific signaling in low/medium-load scenarios (instead of UE-specific signalling). In the RAN1 evaluation as per TR 38.864, results for this technique are provided from one company only assuming a semi-static configuration of the BWP of UEs rather than dynamic UE BWP switching as per Technique B-2, meaning that there is no matching of the simulation results and the proposed technique description. Thus, we propose to de-prioritize the Technique B-2.  
Adaptation of the UE’s bandwidth within a BWP
The adaptation of the UE’s bandwidth in the active BWP (Technique B-3) aims to enable group-common signaling to adapt the BWP’s bandwidth while UE continues to operate in the same BWP so that some frequency resources within the BWP may be deactivated. Based on the provided simulation results, only one source observed minor energy saving gain (less than 2%) at the expense of ~50% UPT loss and increased access delay. Another source observed negative energy saving with significantly reduced UPT. Thus, based on the above considerations, we propose to de-prioritize the Technique B-3.  
 Conclusions on the techniques in frequency domain
In light of the above considerations, the techniques in frequency domain can be de-prioritized in our view.
Proposal: De-prioritize all the techniques in frequency domain (i.e. B1-B3).
Techniques in power domain
 Adaptation of transmission power
It has been concluded in [2] that “Based on the study, at least a technique based on D-1 is beneficial for network energy savings”.
Technique D-1 aims at adapting the transmission power or PSD of downlink signals and channels dynamically, which covers PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
Based on the evaluations from companies in TR 38.864, transmission power reduction on PDSCH can achieve BS energy saving gain under any load scenarios but with different levels of UPT loss. In the current specifications, the gNB can already adapt the transmission power of signals/channels (e.g., SSB, CSI-RS, PDSCH) semi-statically. More specifically, the power adjustment can be signalled to the UE via system information or RRC signaling. Hence, normative work for D-1 should focus on how to facilitate “dynamic” adaptation of the transmission power. It can be observed from the evaluation that enhancements of the CSI report (e.g. reports for different power offsets) is one sound way to facilitate dynamic PDSCH power adaptation.  
In addition, no evaluation of transmit power adaptation of signals/channels other than PDSCH was reported during the study. Therefore its energy saving gain and other performance impact remains open. It is intuitive that dynamic Tx power adjustment of SSB will lead to cell coverage fluctuations, which may have impact on UE mobility, initial access, etc. 
Proposal: For power domain, normative work should prioritize mechanisms to enable dynamic adaptation of transmission power of PDSCH.  
 Conclusions on the remaining power-domain techniques
Technique D-2 enables the support of over-the-air digital pre-distortion (DPD) with possible UE assistance. The gNB could also implement DPD to compensate for non-linear impairments in a standards-transparent / implementation-specific manner as well, as mentioned in TR 38.864. Technique D-3 enables the support of PAPR reduction using tone reservation (TR), while taking into account the channel conditions and characteristics. The expected standards impact is related to the notification of sub-carriers carrying the TR signal for rate matching, only in cases where UE performs transmission or reception of the resource which includes the sub-carriers carrying the TR. As mentioned in the TR, this PAPR reduction including TR could be implemented by the gNB without specification impact with appropriate scheduling of signals and channels. Technique D-4 enables the support of modification or reduction of the power amplifier (PA) back-off in low-load conditions. As mentioned in the TR, this technique could be achieved in an implementation-specific manner, without specification impacts. Technique D-5 considers the UE performing post-distortion processing on the received signal in order to overcome non-linear impairments from the transmitter. The possible specification impact from this technique relates to enhancements to reference signal transmission or other information to enable the UE to perform post-distortion processing.
In terms of performance evaluations, there were no evaluations done for the technique D-4, hence the potential gains from specifying such techniques are unclear. For technique D-2, energy saving gain of 8.9 % for Set 3 reference configuration was observed based on evaluations provided by one source. For technique D-3, energy saving gain of 2.1 – 9.5 % was observed, with evaluations from a single source. For technique D-5, energy saving gain of 16.1 % for Set 3 reference configuration was observed based on evaluations provided by one source. However, it is important to note that the PA scaling values used for calculating the network energy saving gains are not covered by RAN1 power consumption scaling model, hence it is challenging to objectively evaluate the actual gains obtained from specifying these techniques. Taking these factors into account, it would be beneficial to deprioritize techniques D-2 to D-5.
Proposal: Deprioritize techniques D-2 to D-5, considering the fact that there has been limited evaluations of their performance benefits and due to the fact that these techniques could be achieved using implementation-specific mechanisms without specification changes.
Techniques in spatial domain
Based on the evaluations and study as per TR 38.864, the Technique C-1 (dynamic adaptation of spatial elements) can provide network energy saving. Network deployments with higher antenna configurations can benefit from such a mechanism when the traffic loads are lower. Since such adaptations impact the CSI-RS configurations, signalling enhancements are needed to enable dynamic port adaptation of CSI-RS resources, as well, the related impacts on UE behaviour may need to be defined. 
The Technique C-2 (dynamic adaptation of TRPs) also provides large network energy saving. Enabling the dynamic muting of a TRP may require signaling enhancements and the definition of the related impacts on the UE behaviour.
Therefore, we support the conclusion of the TR [2] that ‘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.’
Proposal: For spatial domain, the normative work should prioritize both spatial domain techniques (i.e., the dynamic adaptation of spatial elements and TRPs).
Higher layer aspects for network energy saving 
One needs to ensure that legacy UEs are treated properly when NES state is activated in the cell which would prevent legacy UE operating properly in the cell. Thus it is imperative to ensure WI develops necessary measures to control legacy and NES capable UE camping and reselection. Otherwise legacy UEs may camp on NES activated cell and would not receive proper service if any. Thus we propose:
Proposal: Agree following objective:
Specify methods to control UE camping and reselection of legacy and NES capable UEs if one defines any NES method that would degrade/prevent legacy UEs of getting service on the NES method enabled cell [RAN2]
· Signalling and defining UE behaviour for controlling legacy and NES capable UE camping on NES method utilizing cell [RAN2]
· Signalling and defining UE behaviour for controlling legacy and NES capable UE reselection to NES method utilizing cell [RAN2]
When NES mode (e.g. turn off, SIBless, etc…) is being activated in the cell one would need to currently use handover individually at the point of NES mode activation. This would cause unnecessary delay and especially as it is assumed NES mode is being used rather dynamically RAN2 concluded in SI phase that it would be beneficial to develop CHO event(s) that would be impacted by NES mode of the cell.
Proposal: Agree following objective:
Specify methods to affect CHO event evaluation based on source cell NES mode [RAN2]
· Signalling and defining UE behaviour for adding/modifying CHO events that would be impacted by NES mode of the source cell [RAN2]
Energy saving techniques in split NG-RAN architecture
Network deployments where the gNB consists of a gNB-CU and gNB-DUs are supported from Rel-15 and become increasingly wide-spread. Similarly the split ng-eNB is supported from Rel-16. It is therefore important to provide network support of energy saving techniques, whenever needed, in both classical and split NG-RAN architectures.
During the study item phase, RAN3 also discussed possible evolution of the legacy cell switch-off feature, initially standardized in an early LTE release and supported for NG-RAN from Rel-15, to take advantage of the detailed information about energy consumption available in the gNB-DU and not directly available in the gNB-CU as per current standard. The following agreement was done during study item phase:
No consensus on the TP on the increased autonomy for gNB-DU. RAN3 can further work on the increased autonomy for gNB-DU pending on development of other NES techniques at normative phase.
This is an important aspect to avoid that deployments using split NG-RAN get a lower potential for efficient use of energy saving techniques than deployments using non-split NG-RAN. 
Furthermore, the following is included as part of TR conclusion [2]: "It is recommended that the normative phase includes not only energy saving techniques but also the mitigation of their impacts when network applies network energy savings technique(s)." Work in RAN3 should therefore include support for mitigation of impacts of network energy techniques also in split architecture.
Proposal: In addition to support of non-split NG-RAN, work in RAN3 should include support for mitigation of impacts of network energy techniques in network deployments based on split NG-RAN, and increased autonomy for the gNB-DU to apply network energy saving techniques.
Conclusions and summary of WID objectives
Based on the discussion above, we propose to consider the following objectives for the Rel-18 Network Energy Saving WID.
[bookmark: _Hlk121142309]Proposal 1: RAN to prioritize the following objectives for RAN1-led solutions to the Rel-18 Network Energy Saving WID:
1. Specify the support for cell DTX and cell DRX for RRC connected UEs [RAN1, RAN2, RAN3, RAN4]
· Signalling for activation/deactivation of cell DTX / DRX [RAN1, RAN2];
· UE behaviour when cell DTX / DRX is activated/deactivated [RAN1, RAN2, RAN4];
· Signalling of cell DTX/DRX mode on network interfaces (F1, Xn) [RAN3].
2. Specify mechanisms to enable dynamic adaptation of transmission power of PDSCH by introducing CSI feedback enhancements [RAN1, RAN2]
3. Specify mechanisms, signalling, and define UE behaviour to enable dynamic adaptation of spatial elements and TRPs [RAN1, RAN2, RAN4]
4. Specify on-demand SSB/SIB transmission triggered by UE using a legacy signal/channel as WUS [RAN1, RAN2, RAN4].
Proposal 2: RAN to prioritize the following objectives for RAN2-led solutions to the Rel-18 Network Energy Saving WID:
1. Specify methods to control UE camping and reselection of legacy and NES capable UEs if one defines any NES method that would degrade/prevent legacy UEs of getting service on the NES method enabled cell [RAN2]
· Signalling and defining UE behaviour for controlling legacy and NES capable UE camping on NES method utilizing cell [RAN2];
· Signalling and defining UE behaviour for controlling legacy and NES capable UE reselection to NES method utilizing cell [RAN2].
2. Specify methods to affect CHO event evaluation based on source cell NES mode [RAN2]
· Signalling and defining UE behaviour for adding/modifying CHO events that would be impacted by NES mode of the source cell [RAN2].

3. Specify confining paging frames and paging occasions in a cell-specific paging window [RAN2] 
Proposal 3: RAN to prioritize the following objectives for RAN3-led solutions to the Rel-18 Network Energy Saving WID:
1. Specify support for mitigation of impacts of network energy techniques in network deployments based on split NG-RAN, and increased autonomy for the gNB-DU to apply network energy saving techniques [RAN3].
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