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1. Introduction
In last RAN3#117 meeting, the following agreements and open issues were made [1]. 
Agree the following general aspects: 
0. Regarding the applicable scenarios for NES, RAN3 can consider both the overlaid scenario (i.e. heterogeneous scenario) and the non-overlaid scenario. 
0. Regarding the load scenarios for NES, RAN3 can prioritise idle/empty and low/medium load scenarios, for which the SID has already described.
0. For those techniques determined by other groups, RAN3 can study the potential network interface impacts following the analysis/conclusions made in other groups. Note that parallel discussions are also possible due to the parallel meeting time. 
RAN3 can study the network energy saving issues without involvement from other WG case by case.

RAN3 can further study the following techniques with involvement from other WGs after taking the progress into account. 
· Beam level activation/deactivation. 
· Enhanced cell on/off mechanisms. 
· Time domain techniques.
· Other related techniques.

In last RAN1#110 and RAN2#119 meetings, a number of NES techniques were identified, but no techniques have been scoped down yet. In this paper, we further discuss the NES techniques with TPs for TR 38.864 in the Annex.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Enhanced cell on/off techniques
Currently over Xn interfaces, when a cell is switched off, the NG-RAN node hosting this cell can indicate the Deactivation Information towards its neighbour NG-RAN nodes; and when neighbour NG-RAN nodes decide to request the activation of this cell, they can send the Cell Activation Request to the NG-RAN node hosting this cell. Note that such mechanism has also been introduced for the inter-system scenario during the R17 SON/MDT topic. 
Below provide some enhanced cell on/off techniques. 
2.1.1. Beam activation information
Previous RAN3-117bis meeting discussed to indicate the beam information among neighbour nodes in case of cell on/off in [1]. It can be used for the switch-on cell to determine which beams can be activated. 
Specifically, when one NG-RAN node decides to request the activation of the cell belonging to another NG-RAN node, it can indicate the suggested/preferred SSB beams to be activated in the Cell Activation Request message i.e. allowing an NG-RAN node to request a neighbouring NG-RAN node to switch on an SSB beam which has been deactivated. The suggested/preferred beams can be determined based on the UE beam measurement reports, or the proprietary information. Then the receiving NG-RAN node can decide which beams can be activated and broadcast the corresponding beams accordingly. This is beneficial for at least the overlaid scenario. For example, a capacity-layer cell switches off light-loaded SSB beams for energy saving, and the coverage-layer cell can request the re-activation of these beams in case that many UEs come into these SSB beam areas and the coverage-layer cell cannot provide sufficient capacity any more.
In addition to the cell activation request message, it can be further studied whether the beam activation information can be considered not limited to the cell switch-on case. 
Proposal 1: RAN3 can study to enable a NG-RAN node to request a neighbouring NG-RAN node to switch on beam(s) which has been deactivated in the Cell Activation Request message. The TP is provided in the Annex. 
[bookmark: _Hlk115190731]2.1.2. “Discovery signal”/beam information for cell detection
In LTE, the discovery reference signal (DRS) is introduced for cell detection, which consists of a combination of PSS/SSS, CRS and CSI-RS with a periodicity of 40, 80 or 160 ms. The dormant cell can broadcast DRS periodically and the UEs can measure the DRS and report the results to its serving eNB to facilitate the decision of requested cell activation. Then, the similar technique can be considered for NR. The initial conclusions in RAN1 have already been covered this aspect, as follows: 
	[bookmark: _Hlk115110192]RAN1#109 meeting conclusion: 
a) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
b) 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
RAN1#110 meeting conclusion:
· Support of [dynamic adaptation of SSB/SIB transmission or] on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB and potentially provide energy savings.
· ……
· This may include support of signals/channels to aid discovery of cells in lieu of SSBs.
· Technique #E-1: UE assistance information or feedback/report to further facilitate gNB network energy saving
· ……
· UE report of certain measurement, e.g., based on discovery reference signal.


The candidate DRS signal for NR could be light SSB, i.e. SSB (or a simplified version of SSB) with longer periodicities. The detailed design of DRS signal is within the scope of RAN1, while RAN3 can study to indicate the DRS configuration for both intra-system and inter-system case, etc. Since the DRS design is still pending other WG progress, RAN3 can wait till the next RAN3 meeting. 
Proposal 2: RAN3 can wait for further WG progress of the DRS/beam information for cell detection, e.g., focusing on inter-node messages to exchange DRS. 
2.2 Cell DTX/DRX
In previous RAN1 meetings, the cell DTX/DRX were discussed, with the following conclusion. 
	RAN1#110 meeting: 
a) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
RAN1#110 meeting: 
· Technique #A-4: Adaptation of DTX/DRX
· DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
· The two techniques/approaches of DTX/DRX alignment can be complementary to each other and they may be beneficial to energy savings both at the network and at the UE side.
· [Reducing gNB’s activities (e.g. SSB, CG PUSCH, etc.) outside UE DRX active time may potentially provide energy saving benefits, such as SSB or SIB.]
· Reduction of periodically transmitted/semi-static configured channels/signals(e.g. SSB, SIB, CG PUSCH etc.) during the longer inactivity periods (i.e. outside UE’s DRX active time).
· Controlling UE DRX on/off periods for multiple DRX cycles with a single indication can potentially provide longer inactivity periods at the gNB.
· This may include group level indication for, such as UE-group signaling or cell-specific signaling, UE DRX commend such as DRX enhanced command MAC CE and long DRX commend MAC CE.


The cell DTX can be enabled by aligning UEs’ C-DRX patterns, i.e. the UEs are configured with the same C-DRX pattern such that the UEs enter sleep mode with the same periodicity and start transmission and reception at the same time, and then the cell can be switched off during the sleep period of UEs, as shown in Fig. 1. It can be observed that during the cell off period, the common signals does not need to broadcast, thus providing energy efficiency gain. 
[image: ]
Fig. 1: Cell DTX / UE group C-DRX
From RAN3 perspective, it can study to exchange the cell DTX/DRX information among neighbour NG-RAN nodes. The exact cell DTX/DRX information could be activation/deactivation periodicity, duration, offset information, frequency band, PCI etc. The cell DTX/DRX information can be used by the receiving NG-RAN node for inter-cell measurement configuration, interference management, mobility optimization etc. Note that the cell DTX/DRX information can take the Measurement Timing Configuration design as reference. 
[bookmark: _Hlk110344119]In addition, in MR-DC cases, the NG-RAN nodes may need to coordinate with the DRX configurations to facilitate the UE operation. Also the DRX coordination can be studied during the handover case, e.g., for DAPS and/or L1/L2 based handover. 
Proposal 3: RAN3 can study the exchange of cell DTX/ DRX information for inter-cell measurements, interference management, mobility optimization etc. The TP is provided in the Annex.  

2.3 Network energy saving states
Currently the mobility load balancing as one of SON features is supported, where the load reporting function is executed by exchanging load information including Radio resource usage, Cell capacity class value, even slice level load etc. When one RAN node decides to enter into the energy saving state, it can indicate its energy saving status together with its load to its neighbour RAN nodes, for energy efficient mobility load balancing.  Otherwise, the receiving RAN node may take the load balancing functions instead. 
The detailed NES states can be expressed as different SSB/SIB periodicity, pattern, or another NES indicator on top of currently defined ones. The details can be further studied.  
With the introduced energy saving status, the receiving NG-RAN node can decide to suspend the handover triggered by the load balancing. For example, when the sending NG-RAN nodes indicates it is in “deep sleep” mode, the receiving node will not trigger the handover to the NES cells.  
Proposal 4: RAN3 can study to exchange the NES states related information. The NES states can be in terms of SSB/SIB periodicity, pattern, additional load indicator etc. The details can be left for further study. See the TP in the Annex. 
2.4 Power domain
Previous RAN1#110 meeting discussed the power domain energy saving, with the following conclusion. 
	· Technique #D-1: Adaptation of transmission power of signals and channels
· Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 
· Support  of signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS are expected to provide adaptation of flexible power ratio values and potentially reduce overhead, e.g. by utilizing group-level or cell common signaling.
· This may include enhancements on CSI-RS based measurements, such as beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure
· The transmission bandwidth may be adapted jointly with transmission power to keep the similar reception performance.
· Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information, e.g, CSI reporting, power adjustment indication, etc.
· Dynamic adaptation of power offset(s) between PDSCH and CSI-RS.
The linear reduction of PAE (power added efficiency) when Tx power reduction should be included in the scaling of the power model.


For NR NES, RAN3 can further study the transmission power optimization, taking the above as starting point and focusing on necessary information exchange of power or coverage adjustment over Xn and F1. 
In addition, in current specifications, it is supported that an NG-RAN node can modify the coverage state of its cell(s)/SSB beam(s) and informs the neighbours of the updated cell/SSB coverage state through the NG-RAN node Configuration Update procedure. This allows the NG-RAN node to adjust the transmission power on cell level or SSB beam level for Coverage and Capacity Optimisation purpose. Specially, if an NG-RAN node switches off a cell or SSB beam, it can indicate this to neighbours by setting the value of Cell Coverage State or SSB Coverage State to '0'.
For the transmission power, the Coverage and Capacity Optimization (CCO) issues, including coverage and cell edge capacity, can be taken as baseline, since the cell coverage may be changed due to transmission power adjustment. It can be further evaluated whether the legacy CCO solutions such as the Cell coverage state, Cell Replacing Info and SSB coverage modification list information are sufficient for supporting the transmission power optimization techniques. Given the transmit power is mainly decided by other groups, RAN3 can wait till other WG progresses. 
Proposal 5: For power domain technique, RAN3 can wait other WG progress, then proceed focusing on necessary signalling and CCO issues. 
2.5 Adaptation of common signals and channels
RAN1#110 meeting also made some conclusion on the adaptation of common signals and channels (see the excerpt below in [R1-2208185]). 
	· Technique #A-1 Adaptation of common signals and channels
· Network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities.
· Support of burst transmission and reception of common signals and channels with more than one periodicity and/or adaptation of a burst pattern, including periodicity, are expected to potentially provide longer inactivity periods for the gNB and potentially provide higher power saving gains.
· Support of [dynamic adaptation of SSB/SIB transmission or] on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB and potentially provide energy savings.
·  [Support of scheduling enhancements for SIB1 along with a long period (rather than the period as the same as the SSB period) adaptation of CORESET 0 (e.g. in a separately configured CORESET) are expected to avoid/reduce redundant DCI transmissions within the CORESET 0 for the gNB and potentially provide higher power saving gains.]
· Dynamic adaptation of the periodicity of common channel/signals might have impact to the UE normal access to the network, such as initial access, and legacy UE network access.   



It can be observed that the details are still pending in RAN1 scope. Below just provide details for RAN3 to further consider at subsequent meetings. 
2.5.1 Dynamic adaption of SSB periodicity
The gNB can adapt its SSB periodicity according to system load for the purpose of NES. As illustrated in Fig. 2, when the system load is low, the gNB can decide to increase the SSB periodicity to save energy; with the increase of system load, the gNB can switch back to the normal SSB periodicity operation. 
Currently, when the SSB periodicity is updated, the gNB will signal the Measurement Timing Configuration (including the SSB periodicity) to its neighboring nodes used for UE measurement configuration. However, it can be observed that more dynamic adaption in time scale of subframe/slot/symbol level will be further studied in RAN1.
From RAN3’s perspective, it can be further studied whether and how to indicate the dynamic SSB periodicity to its neighbor nodes. For example, a fixed long SSB burst periodicity for coarse neighbor cell measurement and a dynamic SSB burst periodicity for finer measurement are signaled respectively. 
[image: ]
Fig. 2 Adaption of the SSB periodicity
In addition, the CSI-RS based neighbor cell measurement is already supported by the Xn interface. RAN3 can further study the adapting transmission of periodic CSI-RS, and its impacts of the network interface, on top of the current CSI- RS MTC Configuration List over the Xn interface. 
2.5.2 Mixed SSB periodicities
The main idea is to enlarge the periodicity of some SSB(s) in an SSB burst when this SSB area(s) becomes idle or almost idle, while keeping the the periodicity of other SSB(s) as 20ms. Such operation can reduce the amount of SSB transmission and thereby the base station can be switched off during the time (symbols) of the omitted SSBs. 
An example is shown in Fig. 3, where a cell has four SSB beams; normally all these SSB beams sweep with periodicity of 20ms; in case that the SSB beams 2 and 3 become idle with no or few served UEs, the periodicity of these two SSB beams can be prolonged to e.g. 160ms, while the periodicity of the other two SSB beams retains to be 20ms. 
[image: ]
Fig. 3 Mixed SSB periodicities
This exact SSB beam specific periodicity can be decided by the gNB, taken the UE measurement, or UE assistance information, or even neighbor cell information into account. Some potential enhancement may be needed to support efficient operation of this technique. From RAN3’s perspective, at least the following aspects can be considered:
· Whether and how to indicate the mixed SSB periodicities over Xn, for facilitating the SMTC measurements at the peer node. 
· Whether the peer node can request the adaption of SSB periodicity for e.g. measurement. 
· Potential assistance information for deciding the mixed SSB periodicities at the base station, including the information collected locally (indicated over F1) and those from neighboring nodes (indicated over Xn), and even from the UE. 
· Potential impact over F1. 
Proposal 6: For adaptation of common signals/channels, RAN3 can wait other group progress, then focusing on the necessary configuration and assistance information transferred over Xn and F1. 
2.6 UE assistance information – UL wake up signal
This technique is to enable the UE to send a UL WUS signal to waken up one or more sleeping cells, as shown in Fig. 4. Specifically, in the idle and almost idle case, a cell only transmits a light/simplified version of SSB with a long periodicity (e.g. 160 ms) and does not transmit SIB1. When a UE needs to acquire SSB and SIB1, e.g. when entering the coverage of the cell, it can send a UL WUS signal in specific occasions to trigger the normal transmission of SSB and SIB1. The UL WUS signal can be cell specific or cell-group specific.
The exact design of the WUS signal and related UE procedures would be within the scope of RAN1 and RAN2. Though the following issues can be studied, the exact impact analysis should be pending till other groups’ progress. 
· Depending on the RAN1 design, study if inter-node coordination mechanism is needed for deciding which cell to switch on, in case of cell-group specific UL WUS.
· Potential paging impacts to trigger the UL WUS transmission.
· Potential impact over F1 interface. 
Proposal 7: RAN3 waits for the potential progress on the cell activation with UL WUS. 
[image: ]
Fig. 4 UL WUS based cell activation
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we reach the following proposals.
Proposal 1: [bookmark: _Toc423020280]RAN3 can study to enable a NG-RAN node to request a neighbouring NG-RAN node to switch on beam(s) which has been deactivated in the Cell Activation Request message. The TP is provided in the Annex. 
Proposal 2: RAN3 can wait for further WG progress of the DRS/beam information for cell detection, e.g., focusing on inter-node messages to exchange DRS. 
Proposal 3: RAN3 can study the exchange of cell DTX/ DRX information for inter-cell measurements, interference management, mobility optimization etc. The TP is provided in the Annex.  
Proposal 4: RAN3 can study to exchange the NES states related information. The NES states can be in terms of SSB/SIB periodicity, pattern, additional load indicator etc. The details can be left for further study. See the TP in the Annex. 
Proposal 5: For power domain technique, RAN3 can wait other WG progress, then proceed focusing on necessary signalling and CCO issues. 
Proposal 6: For adaptation of common signals/channels, RAN3 can wait other group progress, then focusing on the necessary configuration and assistance information transferred over Xn and F1. 
Proposal 7: RAN3 waits for the potential progress on the cell activation with UL WUS. 
4. Reference
[1] RAN3_117-e_agenda_20220825_EOM


Annex. TP to TR 38.864 (based on v0.1.0 in R1-2208315)

-----------------Start of the Changes------------------
[bookmark: _Toc104496583][bookmark: _Toc104497312]6	Techniques to improve network energy savings
Editor's note: simulation results to be captured under this section.
Editor's note: RAN2 and RAN3 related aspect to be provided by using separate sections like 6.X when applicable.
6.1	Techniques in X domain
6.1.1	Adaptation of common signals and channelsTechnique 1 (e.g. Adapting transmission/reception of common channels/signals)
6.1.1.z	Impacts on network interfaces
Editor's note: FFS whether and how to indicate the dynamic SSB periodicity to its neighbor nodes. For example, a fixed long SSB burst periodicity for coarse neighbour cell measurement and a dynamic SSB burst periodicity for finer measurement are signalled respectively.
Editor's note: FFS whether and how to indicate the mixed SSB periodicities over Xn, for facilitating the SMTC measurements at the peer node, whether the peer node can request the adaption of SSB periodicity for e.g. measurement, and potential assistance information for deciding the mixed SSB periodicities at the base station, including the information collected locally (indicated over F1) and those from neighbouring nodes (indicated over Xn), and even from the UE. 
Editor's note: FFS how to indicate the DRS configuration for both intra-system and inter-system case. 
6.1.a	Cell DTX/DRX
6.1.a.z	Impacts on network interfaces
The cell DTX/DRX information can be exchanged between neighbour NG-RAN nodes, as indicated in Figure 6.1.a.z-1. The exact cell DTX/DRX information could be activation/deactivation periodicity, duration, offset information, frequency band, PCI etc. The cell DTX/DRX information can be used by the receiving NG-RAN node for inter-cell measurement configuration, interference management, mobility optimization etc. 
Note that the cell DTX/DRX information can take the Measurement Timing Configuration design as reference. In addition, in MR-DC cases, the NG-RAN nodes can coordinate with the DRX configurations to facilitate the UE operation. 


Figure 6.1.a.z-1: Cell DTX/DRX 

6.2	Techniques in Y domain

6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
6.x.1	Beam activation information
This mechanism allows an NG-RAN node to request a neighbouring NG-RAN node to switch on SSB beams which have been deactivated, when the NG-RAN node decides to request the activation of the cell belonging to another NG-RAN node, as given in Figure 6.x.1-1. The suggested/preferred beams can be determined based on the UE beam measurement reports, or the proprietary information. This is beneficial for at least the overlaid scenario. For example, a capacity-layer cell switches off light-loaded SSB beams for energy saving, and the coverage-layer cell can request the re-activation of these beams in case that many UEs come into these SSB beam areas and the coverage-layer cell cannot provide sufficient capacity any more.


Figure 6.x.1-1: Cell Activation containing the beam activation information 
6.x.2	Network energy saving states 
Currently the mobility load balancing as one of SON features is supported, where the load reporting function is executed by exchanging load information including Radio resource usage, Cell capacity class value, even slice level load etc. When one RAN node decides to enter into the energy saving state, it can indicate its energy saving states together with its load to its neighbour RAN nodes, for energy efficient mobility load balancing, as indicated in the resource status procedure in the Figure 6.x.2-1 and 6.x.2-2.  
With the introduced energy saving status, the receiving NG-RAN node can decide the proper load balancing, or coverage and capacity optimization. For example, when the sending NG-RAN nodes is at “deep sleep” mode, the receiving node will not trigger the handover to the NES cells. 
Editor's note: The detailed contents of the NES states are FFS.


Figure 6.x.2-1: Resource Status Reporting Initiation containing the NES state request



Figure 6.x.2-2: Resource Status Reporting containing the NES state 

-----------------End of the Changes--------------------
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