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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]A Rel. 18 study item on “Study on network energy savings for NR” was approved in RAN#94-e [1]. During the study item, the network energy saving gains for potential techniques in various domains were studied and the conclusion of the study was captured in TR 38.864 [2]. The Rel-18 work item on network energy savings focused on adapting operations for RRC connected UEs and user specific signals and channels. A Rel. 19 work item to extend work on techniques for NES to common signals/channels was started in RAN1#116 [3]. Some of the agreements on on-demand SIB1 operation made in the RAN1#116b [4] meeting is given below.

	[bookmark: OLE_LINK271]Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
· On configuration provision for UL WUS transmission
· [bookmark: OLE_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A

Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell 

[bookmark: OLE_LINK34]Agreement
[bookmark: OLE_LINK28][bookmark: OLE_LINK24]Companies to report at least the following key settings used in the evaluation/simulation of achievable NES gain with on-demand SIB1 in idle/inactive mode
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E: PRACH configurations (including PRACH configuration index in 38.211 Table 6.3.3.2-3) for WUS and initial/random access
· Setting F: Cat1/Cat2 BS
· Setting G: Number of SSB beams
· Setting H: NES gain/loss on Cell A
· Setting I: On-demand SIB1 transmission rate (how often UE requests on-demand SIB1)

Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions



This contribution discusses some of the aspects to support on-demand SIB1 and required configurations for the Wake-up-signal to request SIB1.

2 Techniques to support on-demand SIB1
In NR, the gNB perform transmission of SIB1 periodically to help a new UE trying to connect to the network. The periodic transmissions of SIB1 consume energy at the gNB. However, the transmitted SIB1 is used when a UE is trying to connect to the gNB. Further, the frequent transmissions of SIB1 by the gNB results in smaller inactive period for gNB. Therefore, transmission of SIB1 based on a request from a node in the network helps in power saving at the gNB. A WUS can be used by the UE for requesting the transmission of the SIB1. 

2.2 Procedure for on-demand SIB1
In RAN#116b [4], following agreement is made for the cases in which the adaptation of on demand SIB1 can be performed. A downselection is needed among different options given in the agreement.
	Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
· On configuration provision for UL WUS transmission
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A



For a deployment scenario, where the cells are non colocated and where there is no ideal backhaul between Cell A and NES cell, case 2 and case 3 are not useful. Further, in a scenario where the operator is not capable to work in a multi cell scenarios, the case 1 is most suitable. Hence, a UE should transmits the UL WUS to NES cell and should receive the requested SIB1 in NES cell as a standalone mechanism in order to have a provision for on demand SIB1 to support non-colocated cell scenarios with non ideal backhaul and single cell scenarios.
To evaluate the performance of the on demand SIB1 as a stand alone mechanism where the transmission of WUS and reception of SIB1 is assumed in NES cell, a 21-cell scenario is considered for evaluation and its performance is analyzed for various load conditions. The time-frquency resources and PRACH preamble for WUS is assumed to be predefined. The performance is evaluated in terms of cells triggered to transmit SIB1 for various load conditions. The gNB can transmit SIB1 with a baseline periodicity of 20 ms only when having new UEs resulting in energy saving. The parameters used for evaluation are given in Table 1. In current NR, all gNBs transmits all SIB1s for all SSBs, even though the SIB1s are not used at a time, leading to a loss of energy.  By mandating gNBs to adapt the on demand SIB1, 36.2%, 28.2%, and 20.4% energy saving can be achieved in low load, light load and medium load, respectively. The result is illustrated in Fig. 1. 
 
	Parameters
	Values

	SSB period
	20ms (adapted 80ms and 160ms)

	Cell load
	low: 5%
light: 10%
medium: 20%

	Traffic model
	FTP3

	SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
	Index 2

	CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
	Pattern 1.
Index 0 for 13-6
Index 2 for 13-11

	Cat1/Cat2 BS
	Cat 1, set 1

	Number of SSB beams
	4

	Terrain
	Urban Macro(FR1)

	Cell site [#gNB]
	[21]

	gNB power in dBm
	49

	Number of TXRU
	32

	BW in MHz [#gNB]
	50

	User mobility direction
	Random

	UE Dropping
	Random


Table 1: Evaluation parameters


Fig. 1: Energy savings by adaptation of On demand SIB1 for various loads

Therefore, adaptation of on-demand SIB1 provides significant gains, especially in low load scenarios.

Observation 1: Adaptation on demand SIB1 should support deployment scenarios with single cell or non colocated cells with non ideal backhaul.
Observation 2: Transmission of on demand SIB1 provides 
36.2% energy saving gain in low load scenario
28.2% energy saving gain in light load scenario
20.4% energy saving gain in medium load scenario
Proposal 1: Support Case 1 for on demand SIB1 as a stand alone mechanism. 

Further, the WUS configuration comprises the configuration to generate a WUS, the time and frequency resources to transmit the WUS, etc. The configuration can be configured to the UE by the gNB in DL. To minimize the configurations in DL, the parameters of WUS can be predefined in specification. 

Proposal 2: Support study a scenario where UL WUS configuration is pedefined.

2.2 Identification of NES Cell with on-demand SIB1 mechanism by the UE
In RAN#116b [4], following agreement is made for UE identification of NES cell with on-demand SIB1. A downselection is needed among different options given in the agreement.
	Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell 



A stand alone mechanism for on demand SIB1 operation is the most suitable mechanism to support all CA scenarios including colocated and non colocated CA scenarios. It is also suitable for scenarios with only one cell present, where the multi cell operation is not possible. Hence an indication for the UE identification of NES cell with on-demand SIB1 should be provided by the NES cell to support the stand alone on demand SIB1 mechanism. A one bit parameter in the PBCH of NES cell can be introduced for the UE identification of NES cell. The reserved bit of the PBCH can be employed for the indication.

Proposal 3: Support UE identification of NES cell with on-demand SIB1 by PBCH payload of NES cell.

2.3  SIB1 monitoring occasions
In RAN#116b [4], following conclusion is made for the monitoring occasions of the on-demand SIB1. A downselection is needed among different options given in the agreement.
	Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions



A UE expects to receive SIB1 after UL WUS transmission, further the UE need some processing time to prepare for DL reception of SIB1. Hence, the on demand SIB1 should be transmitted (at a start time instance A) after a time gap from the time instance where the WUS is transmitted by the UE. The UE may assume periodic transmissions of SIB1 from the gNB within a predefined time window after the time instance A in order to increase the chances for succesfull decoding of SIB1. For example, the UE expect to receive SIB1 for 60 ms (i.e., duration of the time window) after time instance A, which is 6 slot after the time instance of WUS transmission. The starting time and the window can be predefined in specification to avoid the signalling.

Proposal 4: Support SIB1 monitoring occasions within a time window with a predefined starting time and duration of the time window.

3 Conclusion
In this contribution, we discussed the techniques required for NES. According to the technical analysis, the following proposals are made, 
Observation 1: Adaptation on demand SIB1 should support deployment scenarios with single cell or non colocated cells with non ideal backhaul.
Observation 2: Transmission of on demand SIB1 provides 
36.2% energy saving gain in low load scenario
28.2% energy saving gain in light load scenario
20.4% energy saving gain in medium load scenario
Proposal 1: Support Case 1 for on demand SIB1 as a stand alone mechanism. 
Proposal 2: Support study a scenario where UL WUS configuration is pedefined.
Proposal 3: Support UE identification of NES cell with on-demand SIB1 by PBCH payload of NES cell.
Proposal 4: Support SIB1 monitoring occasions within a time window with a predefined starting time and duration of the time window.
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Energy saving %	low load	light load	medium load	36.2	28.2	20.4	


