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1	Introduction
The SID on Rel-18 network energy saving holds the following objectives [1]:

	3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed.

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.



This contribution discusses techniques for network energy saving via cell discontinuous transmission and reception. The contribution further discusses network energy saving – aware UE mobility.
2	Discussion
2.1	Cell discontinuous transmission
A UE configured with DRX only monitors for PDCCH during the DRX active time, which enables the UE to skip PDCCH monitoring during the inactive time and save power.
One method for network energy saving can be implemented as follows: the gNB aligns the DRX configurations of UEs served on a cell such that the DRX inactive times of the UEs are overlapping. During the overlapping inactive times, the gNB discontinues scheduling of all connected UEs on the cell, which saves energy if the cell has no other communication. This method has the following limitations:
· UE DRX is configured via RRC. Aligning the DRX configurations of the served UEs can only be done semi-statically, which cannot adapt to the dynamic cell load.
· Reconfiguring the DRX patterns of the connected UEs is done separately per UE via dedicated RRC, which incurs RRC overhead and latency that grows with the number of served UEs. 
Observation 1: Aligning UE DRX cycles enables DTX at cell side for energy saving. UE DRX may only be semi-statically configured in a UE-specific manner.
Dynamic network energy saving can be achieved if the gNB dynamically adapts the UE DRX configuration to the cell load. Existing tools to dynamically alter a UE DRX pattern include:
· Rel-16 WUS can be used to inform the UEs not to start the drx-onDurationTimer on DRX cycles within which the cell is idle for energy saving purposes. Downside is that the UEs redundantly monitor for WUS on occasions in which the cell plans to skip PDCCH transmissions for the sake of network energy saving.
· Rel-17 PDCCH skipping can be used to inform the UEs to skip PDCCH monitoring for an upcoming duration in which the cell does not schedule UEs to save energy. Limitation is the skip duration can be at most 100 ms, whereas the drx-onDurationTimer of a single DRX cycle can be as large as 1.6s.
This shows that existing tools to dynamically adapt the DRX patterns for UEs are more adequate for UE power saving, and new methods for dynamic network energy saving shall be investigated.
Proposal 1: Study how to efficiently align UE DRX to support dynamic DTX on the cell side
2.2	Cell discontinuous reception
In downlink, the gNB is the traffic source. Therefore, the gNB knows whether it will transmit to a UE using a dynamic grant or a configured grant.
In uplink, the UE is the traffic source. Information on UE UL transmissions using a dynamic grant is available to the gNB based on SRs and BSRs provided by the UE. Such information may not be available for the configured grant case. This causes the gNB to monitor for UE UL transmissions on all occasions of the configured grant, but the UE may still use a subset. This may not be energy efficient to the network.
Observation 2: gNB blindly monitors for unscheduled UL transmissions by UE which increases energy consumption. 
RAN2 should investigate methods to reduce energy consumption on the gNB due to blind monitoring. Such methods should not rely on additional information from the UE since the UE may not have such information either or providing such information if available has large UE overhead.
Proposal 2: Study how to reduce energy consumption on the cell due to blind monitoring and considering the UE impact.
2.3	NES-aware mobility
As a clarification, a cell in energy-saving mode may refer to:
· Option 1: a cell that is fully deactivated, in which case the cell neither serves legacy UEs nor Rel-18 UEs.
· Option 2: a cell that is activated, but the cell is not fully operational like a cell in normal mode. This option can be broken into two sub-options:
· Option 2a: the cell maintains a low load to save energy, e.g., by serving a small number of UEs, or only supporting traffic with low QoS requirement. The cell may serve both legacy UEs and Rel-18 UEs. UEs are handed over from the cell if load exceeds a threshold.
· Option 2b: the cell performs a Rel-18 energy saving technique (TBD). The cell should not serve legacy UEs but may serve Rel-18 UEs with the associated capability. Legacy UEs will be impacted by the energy saving technique if they connect to/camp on the cell. 
Network energy saving (NES) – aware mobility refers to the selection of a candidate cell for the mobility of a UE based on the mode of operation of the candidate cell. Since an energy-saving cell under Option 1 is not discoverable by legacy UEs nor Rel-18 UEs, the scope of NES-aware mobility is Option 2.
For network-controlled target cell selection, the network knows about the mode of operation of the network cells. The network also receives the capabilities of the UEs. Therefore, the target cell selection can depend on the mode of operation of the target cell, e.g., only handing over a UE to a target cell in energy-saving mode if the target cell’s load stays low for Option 2a, or if the UE has the required capability for Option 2b.
Observation 3: Network-controlled target cell selection can be based on the target cell mode of operation, e.g., to reduce load on ES cells, or to serve only capable UEs by ES cells.

UE-controlled target cell selection may refer to:
· Cell selection/reselection by an idle or inactive UE, or redirection cell selection by a connected mode UE
· Candidate cell selection by a connected UE configured with CHO when CHO execution conditions are fulfilled for multiple candidate cells 
In either case, if the UE does not know the cell mode of operation, the UE may select an energy saving cell for mobility. This may be OK if the UE could not find an alternative cell and may be undesirable otherwise. In the latter case, the UE may have to be further handed over if the UE connects to the selected cell, which incurs additional latency and overhead. NES-aware UE-controlled target cell selection should therefore be studied.
Proposal 3: Study how UE-controlled target cell selection, including cell selection for CHO mobility, and cell selection/reselection in idle/inactive-mode mobility can be made aware of the cell modes of operation.

Idle/inactive-mode UE mobility is based on the cell selection/reselection parameters configured in SIB. In addition, CHO mobility of a UE is based on CHO trigger conditions configured in RRC. This implies UE-controlled target cell selection is based on semi-static configuration.
Observation 4: UE-controlled cell selection for mobility is based on semi-static configuration, e.g., configuration of selection/reselection parameters in SIB for idle/inactive-mode mobility or configuration of event triggers in RRC for CHO mobility.
For the case that network cells dynamically transition between normal mode and energy-saving mode, modifying the semi-static configuration to bias cell selection of UEs based on the cells’ new modes of operation may be inefficient. Such configuration should be enhanced so that NES-aware UE-controlled cell selection can be supported for the case of dynamic NES.
Proposal 4: Study how to efficiently configure cell selection by the UE in idle/inactive/CHO mobility to support dynamic ES by the candidate target cells
Conclusion
This contribution discussed techniques for network energy saving via cell discontinuous transmission and reception. The contribution further discussed network energy saving – aware UE mobility. The following observations and proposals have been made:

Observation 1: Aligning UE DRX cycles enables DTX at cell side for energy saving. UE DRX may only be semi-statically configured in a UE-specific manner.
Observation 2: gNB blindly monitors for unscheduled UL transmissions by UE which increases energy consumption. 
Observation 3: Network-controlled target cell selection can be based on the target cell mode of operation, e.g., to reduce load on ES cells, or to serve only capable UEs by ES cells.
Observation 4: UE-controlled cell selection for mobility is based on semi-static configuration, e.g., configuration of selection/reselection parameters in SIB for idle/inactive-mode mobility or configuration of event triggers in RRC for CHO mobility.

Proposal 1: Study how to efficiently align UE DRX to support dynamic DTX on the cell side
Proposal 2: Study how to reduce energy consumption on the cell due to blind monitoring and considering the UE impact.
Proposal 3: Study how UE-controlled target cell selection, including cell selection for CHO mobility, and cell selection/reselection in idle/inactive-mode mobility can be made aware of the cell modes of operation.
Proposal 4: Study how to efficiently configure cell selection by the UE in idle/inactive/CHO mobility to support dynamic ES by the candidate target cells
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