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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.



Some discussions have followed in RAN2 #119e [2] with the following agreements reached. 

Solution groups:
1 Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1 Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 

A long email discussion took place [3] with the following proposed conclusions:
	Proposal: RAN2 will continue studying the following aspects: 
1. Common signals related:
0. SSB/SIB/Paging-less
0. On-demand SSB/SIB1, triggered by WUS
1. Group signalling/configuration related:
0. Group HO/CHO
0. NW DTX/DRX
0. BWP adaptation
3) Cell selection/reselection.



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	NW DTX and NW DRX
The discussion in [3] proposes SSB-less cells and NW DTX as two means for NES. The two solutions should be non-overlapping and to be handled separately. It is therefore proposed to clarify that NW DTX does not comprise discontinuation of SSB transmissions. In that sense, NW DTX solely applies to connected UEs and includes discontinuation of transmission on PDCCH and DL-SCH.
Proposal 1: NW DTX applies to connected UEs and comprises discontinuation of transmission on PDCCH and DL-SCH.
Using NW DTX, the gNB can save energy by reducing transmissions. Furthermore, informing a connected UE about discontinuation of transmissions allows the UE to skip:
· monitoring of PDCCH within the UE’s C-DRX active time, and 
· monitoring of SPS transmissions within and outside UE’s C-DRX active time, 
which also enables UE power saving. This information should rather be conveyed in a timely manner to maximize the NES and UE power saving gains.
Proposal 2: The gNB informs the connected UE about NW DTX via dynamic signaling
As per the SID [1], the scope of NES is low/medium load scenarios. It is therefore feasible for the gNB to inform connected UEs about NW DTX in a unicast manner. Alternatively, the gNB may use group signaling. Concerns were raised in [3] on the reliability of group signaling. For the case of NW DTX, failure to receive the NW DTX info by some UE leads to redundant monitoring of DL transmissions by that UE but no erroneous configuration. Another concern is all UEs configured to receive NW DTX info would have to monitor for RNTIs of both unicast and group signaling, which increases UE power consumption. Group signaling should be further studied.
Proposal 3: RAN2 to consider group signaling for exchange of NW DTX information

For NW DRX, 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.
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 4: Study how to reduce energy consumption on the cell due to blind monitoring and considering the UE impact.
3	BWP adaptation
It is proposed in [3] that connected UEs are configured with an NES-specific BWP, and group-common signaling is used to swich UEs to the latter when the cell enters NES mode. This proposal can be readily achieved based on legacy BWP operation and with no explicit signaling for BWP switching as follows:
· The network provides BWP configuration to served UEs in a unicast manner. The network aligns the default BWP for the UEs by implementation. This default BWP part is referred to as “NES-specific BWP”
· When the serving cell moves to NES, all UEs switch to the NES-specific BWP based on expiry of the bwp-Inactivity timer due to lack of activity
· The network may re-initiate activity on any other BWP at any time via DCI
Proposal 5: Deprioritize discussions on BWP adaptation + group signaling
4	NES-aware mobility
4.1	Mobility scenarios for connected UEs
Two scenarios of NES-aware mobility for connected UEs can be derived based on the discussion in [3]:
· Scenario 1 – SOURCE cell switches to NES mode: one or more UEs are connected to a source cell. The source cell shall switch to NES mode. The UEs must be HO’ed to another cell(s).
· Scenario 2 – TARGET cell selection based on NES mode: a UE is connected to a source cell. The link to the source cell may degrade, so the UE must be HO’ed. The selection of the target cell is based on the mode of operation of the target cell. 
Proposal 6: RAN2 to confirm the following scenarios for mobility of connected UEs:
· Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode
· Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation

Group handover is proposed in [3] for Scenario 1. The following options for group handover are possible:
· Option 1 – group handover via L1/L2 based mobility: This is beyond the scope of the NES-SI and should be handled in NR_Mob_enh2 [4]
· Option 2a – group handover via L3 based HO command: this is not feasible in current AS security architecture, where HO commands are RRC reconfiguration messages that must be delivered to UEs in a unicast manner
· Option 2b – group handover via L3 based CHO command: in this solution, CHO commands are delivered to UEs in unicast manner, then the CHO execution is concurrently triggered for a group of UEs. One such trigger raised in [3] is a new multicast L1/L2 signaling
Based on the above, only Option 2b is feasible and within scope.
Proposal 7: Discussion on group handover should be confined to the CHO framework. 

For Scenario 2, 
· Target cell selection in handover is network-controlled, so the network considers both the mode of operation of the target cell and the UE capabilities
· Target cell selection in conditional handover is UE-controlled based on the evaluation of the execution conditions configured by the network. 
· For legacy UEs, the network can affect the UE’s selection via biasing the thresholds of the execution conditions. However, this may compromise the robustness of the UE’s mobility if the execution conditions become too tight to fulfil. 
· Alternatively, for Rel-18 UEs, the configuration and evaluation of execution conditions can be function of the state of operation of the candidate target cells.
Proposal 8: For Rel-18 UEs, the configuration and evaluation of CHO execution conditions can be function of the state of operation of the candidate target cells
4.2. Mobility scenarios for idle/inactive UEs
Mobility of UEs in idle/inactive mode is UE-controlled and based on cell selection/reselection parameters configured by the network in SIB. An issue occurs if a UE with no associated NES capability camps on an NES cell. On the other hand, an NES-capable UE may be desired to camp on such cell if this has merits to both the UE and the gNB.
Proposal 9: RAN2 to confirm the following scenarios for mobility of idle/inactive UEs:
· Scenario 1: Deprioritize the selection/reselection of NES cells by UEs with no associated NES capability
· Scenario 2: Prioritize (or deprioritize) the selection/reselection of NES cells by UEs with associated NES capability
The following options to support the above scenarios are possible:
· Option 1 – selective barring: An NES cell is barred for a selection of UEs, e.g., legacy UEs. Since barring is carried in SIB, this option requires a separate mechanism to indicate no barring of the NES cell for the remaining UEs, e.g., NES-capable UEs. This option further requires the legacy UE to measure SSB and acquire SIB which increases the UE power consumption.
· Option 2 – selective blacklisting: this is like Option 1, but an NES cell is instead blacklisted for a selection of UEs.
· Option 3 – NES-aware frequency priorities: Legacy UEs and Rel-18 UEs apply different cell reselection priorities for frequencies of NES cells. This option assumes that NES cells are aligned on a given frequency.
· Option 4 – NES-aware cell selection/ranking: Legacy UEs and Rel-18 UEs are configured with different offsets for evaluating the cell selection and ranking criteria of NES cells. 
Proposal 10: RAN2 to study the following options for NES-aware cell selection/reselection:
· Option 1: selective barring of NES cells
· Option 2: selective blacklisting of NES cells
· Option 3: NES-aware frequency priorities 
· Option 4: NES-aware cell selection/ranking
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 proposals have been made:

Proposal 1: NW DTX applies to connected UEs and comprises discontinuation of transmission on PDCCH and DL-SCH.
Proposal 2: The gNB informs the connected UE about NW DTX via dynamic signaling
Proposal 3: RAN2 to consider group signaling for exchange of NW DTX information
Proposal 4: Study how to reduce energy consumption on the cell due to blind monitoring and considering the UE impact.
Proposal 5: Deprioritize discussions on BWP adaptation + group signaling
Proposal 6: RAN2 to confirm the following scenarios for mobility of connected UEs:
· Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode
· Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
Proposal 7: Discussion on group handover should be confined to the CHO framework.
Proposal 8: For Rel-18 UEs, the configuration and evaluation of CHO execution conditions can be function of the state of operation of the candidate target cells
Proposal 9: RAN2 to confirm the following scenarios for mobility of idle/inactive UEs:
· Scenario 1: Deprioritize the selection/reselection of NES cells by UEs with no associated NES capability
· Scenario 2: Prioritize (or deprioritize) the selection/reselection of NES cells by UEs with associated NES capability
Proposal 10: RAN2 to study the following options for NES-aware cell selection/reselection:
· Option 1: selective barring of NES cells
· Option 2: selective blacklisting of NES cells
· Option 3: NES-aware frequency priorities 
· Option 4: NES-aware cell selection/ranking
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