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1 Introduction
A new Rel-18 study item was approved at RANP#94 in December 2021, and revised at RANP#96 [1], including the following objectives. 


	
The objectives of the study are the following:

1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

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. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

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.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.






In RAN2#119e meeting, the grouping of candidate solutions have been discussed and study points agreed [2].

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 

And a follow-up email discussion have been set out and details have been enclosed on each of the candidate solution??? Post119-e][313][NES] [3], 


In this contribution, we discuss potential enhancements for Network energy savings related to the second objective above. .

2 Discussions on NES for UEs in idle and inactive states 
In the email discussion [POST119-e][313][NES] a large number of solutions for Network Energy saving are discussed. In this contribution we propose to broaden the solution 6 on resource adaptation to also cover idle mode.
2.1 Background 
One solution in the email discussion targets UEs in idle mode, solution 8: Paging enhancements (includes paging-less solutions), where the UEs in idle mode does not receive paging from the serving cell, instead it receives it from a neighbor cell. This requires that the UE has good coverage from the neighbor cell as well and the load on the neighbor cell increases. 
In connected mode there is a solution, solution 6: Resource adaptation (frequency and time domain), where the DRX timing of the UEs in C-DRX is moved to a DRX time common for a group of UEs. This is not valid for Ues in idle mode. 

Observation 1: There is no network power saving solution discussed based on UEs in idle mode, when the paging cannot be received from a neighbor cell as proposed in solution 8.


2.2 Discussion DRX
The idle mode UEs require the network to be active every paging occasion for every UE in the registration area, since the POs of UEs are distributed in time based on the IMSI, there rate of Paging Occasions will be high. SIBs and reference signals also need to be transmitted periodically to support the paging occasions. 
During nighttime, the UE activity is low , the load on the network is very low, but all UEs in idle mode needs to be served, the SSB needs to be transmitted as well as reference symbols for measurements and demodulation, and potential paging message needs to be transmitted in respectively Paging Frame/Paging Occasion.
It would be beneficial to instead group the UEs to a small set of paging occasions as long as the rate of paging messages is low in the system. Then the gNB transmitter and receiver only needs to be awake around these occasions in order to serve the existing UEs in the network. The UEs will read SIBs and make RRM measurements around these paging occasions as well so to serve them the SSBs only need to be transmitted around the paging occasions. Therefore this works well that most of the gNBs in an area are in NES state simultaneously.
The paging occasions for a group may be defined by a new “IMSI” used in the whole group. This new parameter is used instead of the UEs IMSI when calculating the paging occasion as defined in 38.304 [4], the UEs will thereby use the same paging occasion as indicated in Figure 1. A similar solution to move paging occasions was used to avoid paging collisions for Multi-SIM UEs in LTE, Rel-17.
UEs entering the area with gNBs in NES state or switching on the UE , may be impacted by the lower rate of SSB. 
Observation 2: By grouping the paging occasions of all UEs in the Registration Area to a small set of paging occasions would allow the gNB (Both Rx and Tx) to sleep between these sets of paging occasions

Proposal 1: Start a study on grouping the paging occasions for UEs in idle or inactive state based on solution 6 





[bookmark: _Ref115273453]Figure 1: Group the DRX of the UEs in the cell allowing the gNB to sleep between the group DRX



3 Summary

In this contribution, we have discussed our view on potential network energy saving in NR when most of the UEs are in idle or inactive state. Our observation and proposals are listed below:

Observation 1: There is no network power saving solution discussed based on UEs in idle mode, when the paging cannot be received from a neighbor cell.
Observation 2: By grouping the paging occasions of all UEs in the Registration Area to a small set of paging occasions would allow the gNB (Both Rx and Tx) to sleep between these sets of paging occasions

Proposal 1: Start a study on reallocating the resources for paging occasions for UEs in idle or inactive state studying solution 6 

4 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref167612671]RP-221443, Revised SI: Study on network energy savings for NR, June 2022
[2] Minutes RAN2#119e meeting
[3] Draft Report of [POST119-e][313][NES] Details of solutions (Huawei)
[4] 3GPP TS 38.304 V17.1.0

image1.emf
UE1 UE2 UE3 UE4 UE1 UE2 UE3 UE4

DRX UE1

DRX UE1

DRX UE1

DRX UE1

POs

UE1

UE2

UE3

UE4

POs

UE1

UE2

UE3

UE4

SSB transmissions

SSB transmissions

gNB may sleep gNB may sleep


Microsoft_Visio_Drawing.vsdx
UE1
UE2
UE3
UE4
UE1
UE2
UE3
UE4
DRX UE1
DRX UE1
DRX UE1
DRX UE1
POs
UE1
UE2
UE3
UE4
POs
UE1
UE2
UE3
UE4
SSB transmissions
SSB transmissions
gNB may sleep
gNB may sleep



