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1	Introduction
In this document, we discuss the scope and potential objectives for Rel-19 Network Energy Savings WI. 
2	Background on Rel-18 work on NW Energy Savings
Rel-18 WI has prioritized some of the techniques which were either recommended or considered as beneficial in the SI phase. Furthermore, the focus was on techniques which provide larger gains when the gNB experiences low to medium load. While Rel-18 techniques provide good gains, particularly those dealing with spatial and power domains, there are still a few techniques which can provide additional gains. 
Furthermore, Rel-18 techniques are dealing with the procedures in the UE while in connected mode, not affecting but therefore also not improving idle and inactive states. Indeed, when gNB is in low to medium load, most of the time, most UEs are in RRC idle or inactive states, and thus optimizations in that area can bring additional gains. Nevertheless, we should make sure the techniques are backward compatible to the extent possible i.e. legacy UEs in idle mode still can operate in cells that employ new NES techniques.
Some of the Rel-18 techniques such as spatial and power domain techniques provide energy gains when the gNB is active, i.e., when it transmits data. This means that application of such techniques can reduce the NW energy consumption both at low and high loads. Nevertheless, in high load scenarios, the traffic variation is much faster, and thus it is important to make sure the underlying mechanisms such as the need for CSI report for multiple antenna or power adaptation patterns are also as fast, and this may necessitate a faster response from the UE with respect to the signalling timelines than what is possible now. 
Most of the Rel-18 techniques deal with the reduction of NW energy consumption in the DL. While DL accounts for a large part of NW energy consumption, UL activity, and particularly listening to SR and RACH can prevent the NW from going to deeper sleep modes than micro sleep. As such, it is important to consider optimizing the UL as well.
To summarize, there is still room to develop or enhance NW energy saving techniques for Rel-19, particularly to address the UL as well as higher load scenarios. 
[bookmark: _Ref178064866]3	Potential Rel-19 NW Energy Saving techniques
3.1	On-demand SSB transmission 
In Rel-18 SI, several techniques were proposed for SSB transmission optimizations. While some of them are indeed beneficial, adjusting SSB transmissions particularly on Pcell can lead to the problem that legacy UEs may not be able to access the cell. Hence, if such techniques are introduced for Pcells, it is important to introduce mechanisms that avoid adverse effects on legacy UEs (e.g., barring mechanisms of legacy UEs). Nevertheless, optimization of SSBs on Scell has less impact on legacy UEs and hence e.g., SSB less Scells for inter-band co-located BSs in FR1 has now been specified in Rel-18. However, this is quite limited to specific scenarios and conditions, and when those do not apply, e.g., if it is FR2 or not co-located, the NW still needs to transmit SSBs on Scells. Therefore, there is a need to specify more SSB transmission optimization techniques for Scells. On-demand SSB for SCells in connected mode is a relatively stable point from the RAN chair’s summary ([4]) and we support to include an objective on that.
For PCells, the SSB transmission can have longer periods than the typical 20ms (catering for initial cell selection) as long as there are overlapping cells and the UE does not end up in a coverage hole. Already as per existing specifications, legacy UEs can be configured with neighbour cell information where the SSB period is 160ms. In deployments with overlapping cells with 20ms SSB period, going even further with SSB periods for the overlapped cells, beyond 160ms (e.g., 640, 960ms …) provides considerable sleep opportunities (Deep Sleep) for the NW. It would therefore be beneficial if Rel-19 UEs could be capable of handling cells with longer SSB periodicities. When needed (e.g., on-demand from other NW nodes, or UEs) for certain scenarios, the period of the SSB can be increased, i.e., adaptation of SSB would be useful. 
It is preferable to not introduce new SSB patterns in time domain (e.g. new locations within a slot, etc) as they can lead to lot of additional complexity. Rather, the focus for Rel-19 should be on techniques such as increasing/adapting periodicity and/or applying a cell DTX-like operation on SSB (adapting presence/absence of SSB transmissions in some occasions). 
[bookmark: _Toc135665700]On-demand SSB transmissions on Scells can enable NW energy savings and may need fewer constraints compared to the SSB-less Scell techniques. Furthermore, it can be applied to all frequency ranges. 
Extending SSB periods beyond 160ms for overlapped PCells, while overlapping cells use a 20ms SSB period, yields significant sleep (Deeper Sleep) opportunities for the network. When needed (e.g., on-demand from other NW nodes, or UEs), the period of the SSB can be increased.
[bookmark: _Toc133501453]3.2	Medium/High-load scenario techniques
As mentioned before, Rel-18 WI prioritized techniques which have larger gains in low to medium load scenarios. Nevertheless, it does not mean that the developed or enhanced techniques cannot be applied to high load scenarios. In high load scenarios, the NW is active, i.e., transmitting or receiving, most of the time, and any technique which leads to NW energy savings in the active time can be used for high load scenarios as well. E.g., spatial and power domain techniques specified in Rel-18 both impact the NW energy consumption when the NW is transmitting. As such, Rel-18 has already developed techniques which impact the high load scenarios with significant gains. For example, Figure 2 illustrates NW energy saving gains and UTP loss for spatial domain techniques specified in Rel-18 with UEs distributed in various parts of the cell. It is shown that energy savings gain of average 35% can be achieved with less than 5% UTP loss even at high loads. 
 [image: ]  
[bookmark: _Ref133506512]Figure 2: NW energy saving gain and UPT loss for spatial domain adaptation in high load.
Nevertheless, higher load scenarios come with a larger dynamicity in terms of traffic which explains the UPT loss observed in Figure 2, and thus it also calls for faster adaptation. In general, the main aim of high load techniques in non-full buffer scenarios is to deliver a large amount of data as fast as possible and allow the NW nodes to go back to sleep mode. Indeed, NR is already optimized in that sense, e.g., using many antennas and multi-layer transmission, or several CCs. The issue is, after using those capabilities, how to change back to an energy saving scheme as fast as possible. This may e.g., need faster than Rel-18 timelines for CSI reporting from the UE side to adapt spatial, power or even frequency domain, even at a symbol level. Furthermore, in high load, UL becomes even more important and there is a need to adapt spatial domain there as well, and thus SRS transmission enhancements may become necessary. Hence, we are fine to add an alternative to further enhance Rel-18 spatial/power domain techniques to address medium/high load scenarios. For example, specifying faster CSI processing timeline, or Type II codebook enhancement can be considered, but the scope should be reasonable to reduce WG load. 
Spatial and power domain techniques of Rel-18 can be used in high load scenarios to achieve significant NW energy saving.
3.3	Dynamic Adaptation of PRACH occasions
As an outcome of the Rel-18 SI, it was stated that to increase the NW opportunity to go to sleep mode, it is important to reduce the number of frequent transmissions between two SSBs. Additionally, it is important to minimize the number of periodic base station receptions such as PUCCH or PRACH occasions. Figure 1 visualizes the simulation results for two gNB configurations in Idle mode including SSB and RMSI transmissions every 20ms (assuming active Tx for SIB1 has a power level of 120 units, etc). The configurations differ with respect to gNB receiver activity. One configuration is optimized for performance where the PRACH occasion (one slot) periodicity is set to every 10 ms so that the initial connection establishment delay is minimized. In the other one, the PRACH occasion periodicity is set to every 40 ms for the sake of network energy savings. 
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[bookmark: _Ref133488465]Figure 1: Simulations for energy consumption comparison between 10ms PRACH occasion period (left) versus 40ms PRACH occasion period (right).
As can be seen in the figure, reducing reception effort in the gNB brings considerable energy savings. Therefore, it is beneficial for both network energy savings as well as UE power consumption and latency, to look for PRACH configuration enhancements with more light-weight mechanisms than SI update. For example, as a baseline, the gNB can be configured with an energy-optimized setting which also is followed by legacy UEs and dynamically more resources can be made available for new UEs upon the need, e.g., through DCI. Similar savings can be achieved for gNB PUCCH/SR reception processing as well and hence being able to dynamically adapt these resources without RRC reconfigurations would be beneficial. 
[bookmark: _Toc135665699]Dynamic adaptation of PRACH and SR occasions can reduce the impact of increasing PRACH period on access latency and deliver NW energy savings.
3.4	Cell DTX/DRX and related aspects
Some leftover issues from Rel-18 work on cell DTX/DRX, particularly turning off Tracking reference signals (TRS) in some occasions in cell DTX non-active periods (RAN1), and inter-node exchange of cell DTX/DRX patterns (RAN3) should be considered for Rel-19. 
TRS is a periodic signal on the downlink and hence being able to turn it off during cell DTX non-active periods would save energy at the gNB. Specifying a mechanism to do so with acceptable impact to UE performance would be useful extension to improve energy savings with cell DTX/DRX. 
Inter-node exchange of DTX/DRX patterns was discussed in RAN3 but could not be specified in Rel-18. It is preferable to support this in Rel-19 to further enhance energy savings opportunities. 
One more point that is that there was a proposed objective regarding “Cell on/off optimization in split gNB deployment, to support gNB-DU assisted/initiated cell (de)activation or gNB-DU autonomy for cell shutdown”. We note that this work has been done in Rel-18. gNB-DU autonomy for cell shutdown is not aligned with the principle, that gNB-CU controls the Cell activation/deactivation. Such drastic change of fundamental principles would require consensus and solid proof of energy gain. Therefore, we propose to not include such objective. 
Some leftover issues from Rel-18 work on cell DTX/DRX such as turning off TRS in some occasions in cell DTX non-active period and inter-node exchange of cell DTX/DRX patterns can provide further energy savings opportunities using cell DTX/DRX.
3.5 	Semi-sleeping cells
In current specifications gNB(s)/cell(s) may be turned off to sleep at low or no traffic for the sake of energy saving. However, when there is a specific service (e.g., positioning) which the awake neighbour gNB/cell cannot serve efficiently on its own, it is necessary to turn on the sleeping gNB(s)/cell(s) again. For example, with current solutions, a gNB may either turn on neighbouring sleeping gNBs just for the sake of conducting the requested positioning service (which is quite wasteful in terms of energy) or try to perform the service without waking other nodes at the cost of poorer service outcome, e.g., less positioning accuracy.
In another example, assume that there is a coverage gNB covering several capacity gNBs/cells which are currently turned off (see Figure 4). If there is need for extra capacity in the coverage gNB, with current solutions, the coverage gNB may wake up several capacity gNBs while only one or a few of them are within coverage of the UEs that need the extra capacity. For example, in Figure 3, it is unnecessary to fully wake up gNB3 to offload gNB1. Instead, gNB1 could on-demand ask the capacity gNBs to temporarily transmit reference signals such as SSB/CSI-RS without fully waking up (in a semi-sleep state). Based on the UE measurement reports to gNB1, it would be understood that it is enough to wake up gNB2 while gNB3 can go back to sleep.

[image: ]
[bookmark: _Ref144452257]Figure 3: Heterogenous network deployment depicted with one coverage(-providing) gNB and two capacity(-providing) gNB

Hence, there is a need for enhancements so that a cell can operate in a semi-sleeping state during which such gNB/cell can aid in performing certain services such as positioning with good performance without wasting excessive energy or transmit reference signals temporarily. For example, upon entering such energy saving state, the gNB can inform other nodes whether it can still aid in the positioning procedures in DL or UL methods respectively. I.e., the semi-sleeping gNB, while not providing full cell functionality to the UEs in the area, can still during the sleep period act as if it was a PRS-only transmission point (TP) in the DL and/or act as an SRS-only reception point (RP) in the UL. As such, there will not be a need for fully waking up multiple cells/gNBs just for the sake of an ongoing service. Hence, a gNB can dynamically change its role in a NW with respect to a positioning service from/to the states/roles “fully functional” (awake an operating as a normal cell), or PRS/SRS-only node, or “fully asleep”. Essentially, an otherwise sleeping cell can during the ongoing service transmit one or more reference signals, e.g., CSI-RS and/or SSB, and/or PRS, temporarily at a specified time and/or for a specified period. Similarly, an otherwise sleeping cell can upon request receive at least one reference signal, e.g., SRS, and enable positioning-related calculations, temporarily at a specified time and/or for a specified period. We also encourage studying services other than positioning services that could be suitably served by such semi-sleeping cells.

Certain services such as positioning or temporary reference signal (e.g. SSB) transmission can still be served by a gNB without requiring it to being fully awake. Inter-node interface enhancements including demand for temporary signals reference signals provision avoids unnecessary wakeups.
3.6	Discussion on power domain techniques (D2-D5 from TR 38.864)
In Rel-18 SI, it was also discussed that PA non-linearity can be optimized e.g., by using OTA-DPD or DPoD based techniques to achieve NW energy savings in high load scenarios. Particularly, DPoD based solutions were shown in a specific simulation with a company-unique PA model to result in around 16% savings. The core of these techniques is that the base station with the non-linear compensations can support higher order modulations and offload the data faster before going to sleep. However, DPD based approaches are already possible via implementation and the additional gains due to UE assistance are not verified. When it comes to DPoD based solutions, it is also not clear how those can work properly in base stations supporting multiple RATs or multiple carriers. More importantly, such techniques typically are mainly suitable for single-layer and single-user scenarios. The same reduction in transmission time can be achieved utilizing multiple layers and obtain spatial multiplexing gains with more efficiency rather than single layer higher modulation order transmissions. Typically, the former should lead to higher capacity gain. It is also quite complicated to apply such a technique to CP-OFDM in the DL. While DPoD could potentially address in-band distortion, the allowing relaxed PA linearity would adversely affect out-of-band emissions, a key KPI for operators. Furthermore, we believe the OTA-DPD/DPoD related techniques require a great deal of analysis related to various scenarios and procedures to be able to quantify potential gains. From 3GPP WI perspective, this would be an entire new framework requiring huge efforts that would take time and resources from other topics that are expected to provide broader and more immediate/predictable gains with less specification efforts.
OTA-DPD/DPoD based solutions are applicable only to single RAT, single layer per PA, and single user scenarios.

4	Proposed Rel-19 NW Energy Saving WI Objectives
Based on discussion in previous sections, we suggest following for Rel-19 WI scope.
· On-demand SSBs for SCell for connected UEs and On-demand SIB1 for idle UEs that reflect relatively stable points from the RAN chair’s summary ([4]). 
· Adaptation of common channels signals, particularly dynamic adaptation of PRACH occasions, adaptation of SSB (periodicity and presence/absence of SSBs in SSB occasions).
· Further enhancements of Rel-18 spatial/power domain enhancements for addressing medium/high load scenarios. Faster CSI reporting timeline can be considered. Type II codebook enhancement is also an option, but only if scope is reasonable and hence this is left in square brackets.
· Some leftover issues from Rel-18 work on cell DTX/DRX, particularly turning off Tracking Reference Signals (TRS) in some occasions in cell DTX non-active periods (RAN1), and inter-node exchange of cell DTX/DRX patterns (RAN3).
· Provision of certain services such as positioning or temporary reference signal provision (e.g. SSBs, PRS, etc.) without fully waking up cells. Support inter-node information exchange for temporary on demand reference signal and service provision.
· An objective to reflect RAN4 core requirements. 

[bookmark: _Toc152345500]We propose the following objectives for Rel-19 NW Energy Savings:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, including inter-band CA. [RAN1/2/3/4]
· Specify triggering method (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.).
2. Specify procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode. [RAN1/2/3]
· Specify triggering method by uplink wake-up-signal using an existing signal/channel.
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain including adapting periodicity and presence/absence of SSB(s) in SSB occasion(s).
· Dynamic adaptation of PRACH occasions.
· Support inter-node information exchange for temporary on demand reference signal provision from neighboring nodes.
4. Specify further enhancements on Cell DTX/DRX for UEs in connected mode. [RAN1/2/3]
· Support turning off Tracking Reference Signal (TRS) at least in some TRS occasions during non-active time of cell DTX/DRX for UEs in connected mode.
· Support inter-node information exchange on cell DTX/DRX.
5. Specify further enhancements to spatial/power domain techniques specified in Rel-18 focusing on medium/high load scenarios. [RAN1/2]
· [Extension of Rel-18 spatial/power domain techniques to Type-II codebook.]
· Specify faster timeline for CSI reporting.
6.	Specify the corresponding RRM core requirements for the above features. [RAN4]
5	Conclusion
Based on the discussion in the previous sections, we propose the following.
Proposal 1	We propose the following objectives for Rel-19 NW Energy Savings:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, including inter-band CA. [RAN1/2/3/4]
· Specify triggering method (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.).
2. Specify procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode. [RAN1/2/3]
· Specify triggering method by uplink wake-up-signal using an existing signal/channel.
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain including adapting periodicity and presence/absence of SSB(s) in SSB occasion(s).
· Dynamic adaptation of PRACH occasions.
· Support inter-node information exchange for temporary on demand reference signal provision from neighboring nodes.
4. Specify further enhancements on Cell DTX/DRX for UEs in connected mode. [RAN1/2/3]
· Support turning off Tracking Reference Signal (TRS) at least in some TRS occasions during non-active time of cell DTX/DRX for UEs in connected mode.
· Support inter-node information exchange on cell DTX/DRX
5. Specify further enhancements to spatial/power domain techniques specified in Rel-18 focusing on medium/high load scenarios. [RAN1/2]
· [Extension of Rel-18 spatial/power domain techniques to Type-II codebook.]
· Specify faster timeline for CSI reporting.
6.	Specify the corresponding RRM core requirements for the above features. [RAN4]
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