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1. Introduction
In the WID of Rel-19 network energy savings (NES) [1], the objective of on-demand SIB1 for idle or inactive mode UEs are listed as below:

· Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

This contribution provides our views of this study (on-demand SIB1 for idle or inactive mode UEs). 
2. [bookmark: OLE_LINK937]Background
2.1 Application scenario and operation procedure of on-demand SIB1 for idle or inactive mode UEs

On-demand SIB1 by uplink wake-up signal (WUS) transmitted from UE to gNB is one mechanism studied in R18 SI phase [2]. As stated in the R19 NES WID [1], this mechanism would be further studied in R19 and checked for normative work in RAN #105.

Observation 1: On-demand SIB1 by uplink wake-up signal (WUS) transmitted from UE to gNB is one mechanism studied in R18 SI phase [2]. As stated in the R19 NES WID [1], this mechanism would be further studied in R19 and checked for normative work in RAN #105.

The operation procedure of on-demand SIB1 by uplink WUS is illustrated in Figure 1 & 2. 
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Figure 1. Operation procedure of on-demand SIB1 by uplink WUS with NES gNB in the middle [3]
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Figure 2. Operation procedure of uplink WUS to trigger on-demand SIB1

Observation 2: An exemplary operation procedure is shown in Figure 1 & 2, where UE transmits uplink WUS to the NES cell to trigger on-demand SIB1. The uplink WUS and its configuration provision would need to be designed in R19 (if to be specified).

3. NES gain analysis of on-demand SIB1 for idle or inactive mode UEs
3.1 NES gain reported in 3GPP literature

An important question of this study would be 
· How much NES gain can be achieved with on-demand SIB1 for UEs in idle/inactive mode?
As 2% [4] to 38% [5] NES gain was reported in previous 3GPP tdocs.

Observation 3: One important thing to be checked in this study would be 
· Achievable NES gain with on-demand SIB1 for UEs in idle/inactive mode
As 2% [4] to 38% [5] NES gain was reported in previous 3GPP tdocs.

3.2 gNB side timeline analysis and factors that would impact NES gain

To explore the large variation of NES gain for on-demand SIB1 reported in 3GPP literature, we draw the empty load gNB timeline for “FR1, 30kHz SCS, 20ms SSB periodicity, DDDSU TDD pattern” in Figure 3 for ease of illustration.
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Figure 3. Empty load gNB operation timeline for “FR1, 30kHz SCS, 20ms SSB periodicity, DDDSU TDD pattern”
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Figure 4. Multiplexing pattern between SSB and SIB1. According to 38.213 Clause 13, FR1 can only use Patter 1 while FR2 can use Pattern 1/2/3


Observation 4: Looking at the exemplary empty load gNB operation timeline in Figure 3, and multiplexing pattern between SSB and SIB1 in Figure 4, the critical factors that would impact NES gain of on-demand SIB1 include:
· Beam number (beam sweeping of SIB1 is 1 beam per slot)
· SSB/SIB1 multiplexing pattern (FR1 only uses pattern 1 while FR2 can use Pattern 1/2/3)
· SIB1 periodicity
· Cell loading

3.3 Analysis/simulation results for NES gain of on-demand SIB1

In this section, based on the gNB operation timeline in Figure 3, we performed analysis/simulation results for FR1 NES gain of on-demand SIB1 as shown in Table I and Table II. The BS power values from TR 38.864 [2] used for NES gain calculation is attached in the appendix section.

Table I: Analysed FR1 NES gain for empty load based on the gNB operation timeline and system settings in Figure 3
	Empty load 
(RU=0%)
	SIB1 period = 20ms
Cat 1 BS
	SIB1 period = 40ms
Cat 1 BS
	SIB1 period = 80ms
Cat 1 BS
	SIB1 period = 160ms
Cat 1 BS
	SIB1 on-demand
(no SIB1)
Cat 1 BS

	8 Tx beams

	BS Power (/ms)
	63.94
	48.82
	41.26
	37.48
	33.70

	BS NES gain
	47.29%
	30.97%
	18.32%
	10.09%
	N/A

	4 Tx beams

	BS Power (/ms)
	48.22
	39.91
	35.76
	33.68
	31.60

	BS NES gain
	34.47%
	20.82%
	11.63%
	6.18%
	N/A

	1 Tx beam

	BS Power (/ms)
	37.14
	33.85
	32.20
	31.37
	30.55

	BS NES gain
	17.74%
	9.75%
	5.12%
	2.58%
	N/A



Table II: Simulated FR1 NES gain for low load based on the gNB operation timeline and system settings in Figure 3
	Low load 
(RU=9.83%)
Video traffic with
DRX (160, 8, 100)
	SIB1 period = 20ms
Cat 1 BS
	SIB1 period = 40ms
Cat 1 BS
	SIB1 period = 80ms
Cat 1 BS
	SIB1 period = 160ms
Cat 1 BS
	SIB1 on-demand
(no SIB1)
Cat 1 BS

	8 Tx beams

	BS Power (/ms)
	81.49
	69.00
	62.49
	59.14
	55.91

	BS NES gain
	31.39%
	18.97%
	10.53%
	5.46%
	N/A

	4 Tx beams

	BS Power (/ms)
	68.03
	61.25
	57.74
	55.91
	54.19

	BS NES gain
	20.34%
	11.53%
	6.15%
	3.08%
	N/A

	1 Tx beam

	BS Power (/ms)
	58.74
	56.09
	54.72
	54.00
	53.34

	BS NES gain
	9.19%
	4.90%
	2.52%
	1.22%
	N/A



Observation 5: Based on the gNB operation timeline in Figure 3, the analyzed/simulated FR1 NES gain of on-demand SIB1 is shown in Table I and Table II. The gain is evident (>10%) for empty/light load, 4 beams (or more), and 20/40ms SIB1 periodicity. NES gain value can be up to 47.29% (8 beams, 20ms SIB1 period, empty RU) and down to 1.22% (1 beam, 160ms SIB1 period, 10% RU). 
For FR2, the NES gain is reported to be small (2.5%) in [4] assuming 20ms SIB1 period, 32 beams, 20ms SIB1 period, and SSB/SIB1 multiplexing pattern 3.

4. Suggested discussion topics for RAN1 #116
Based on Observations 1~5, we have the following proposal for suggested discussion topics in RAN1 #116

Proposal 1: Based on Observations 1~5, we suggest the following discussion topics in RAN1 #116:
· RAN1 to discuss baseline evaluation assumption (ex. the critical factors listed in Observation 4) of NES gain for on-demand SIB1 in Idle mode
· The operation timeline of gNB operation is critical
· Whether/how to average/combine the different gain values under different system settings
· Companies to submit evaluation results of NES gain accompanied with assumed gNB operation timeline in RAN1 #116b and check whether the gain is evident enough for a WI phase
· Collect candidate schemes of configuration provision and uplink WUS signal/channel parallelly
· Ex. Configuration provision by neighbor cells which are transmitting SIB1
· Ex. Uplink WUS signal/channel as a simplified version of legacy RACH

5. [bookmark: OLE_LINK203]Conclusion
In this contribution, we focus on the discussions of on-demand SIB1 for idle or inactive mode UEs and have the following observations and proposals:

Observation 1: On-demand SIB1 by uplink wake-up signal (WUS) transmitted from UE to gNB is one mechanism studied in R18 SI phase [2]. As stated in the R19 NES WID [1], this mechanism would be further studied in R19 and checked for normative work in RAN #105.

Observation 2: An exemplary operation procedure is shown in Figure 1 & 2, where UE transmits uplink WUS to the NES cell to trigger on-demand SIB1. The uplink WUS and its configuration provision would need to be designed in R19 (if to be specified).

Observation 3: One important thing to be checked in this study would be 
1. Achievable NES gain with on-demand SIB1 for UEs in idle/inactive mode
As 2% [4] to 38% [5] NES gain was reported in previous 3GPP tdocs

Observation 4: Looking at the exemplary empty load gNB operation timeline in Figure 3, and multiplexing pattern between SSB and SIB1 in Figure 4, the critical factors that would impact NES gain of on-demand SIB1 include:
1. Beam number (beam sweeping of SIB1 is 1 beam per slot)
1. SSB/SIB1 multiplexing pattern (FR1 only uses pattern 1 while FR2 can use Pattern 1/2/3)
1. SIB1 periodicity
1. Cell loading

Observation 5: Based on the gNB operation timeline in Figure 3, the analyzed/simulated FR1 NES gain of on-demand SIB1 is shown in Table I and Table II. The gain is evident (>10%) for empty/light load, 4 beams (or more), and 20/40ms SIB1 periodicity. NES gain value can be up to 47.29% (8 beams, 20ms SIB1 period, empty RU) and down to 1.22% (1 beam, 160ms SIB1 period, 10% RU). 
For FR2, the NES gain is reported to be small (2.5%) in [4] assuming 20ms SIB1 period, 32 beams, 20ms SIB1 period, and SSB/SIB1 multiplexing pattern 3.

Proposal 1: Based on Observations 1~5, we suggest the following discussion topics in RAN1 #116:
· RAN1 to discuss baseline evaluation assumption (ex. the critical factors listed in Observation 4) of NES gain for on-demand SIB1 in Idle mode
· The operation timeline of gNB operation is critical
· How to average/combine the different gain values under different system settings
· Companies to submit evaluation results of NES gain accompanied with assumed gNB operation timeline in RAN1 #116b and check whether the gain is evident enough for a WI phase
· Collect candidate schemes of configuration provision and uplink WUS signal/channel parallelly
· Ex. Configuration provision by neighbor cells which are transmitting SIB1
· Ex. Uplink WUS signal/channel as a simplified version of legacy RACH
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7. Appendix: BS power values from TR 38.864 used for NES gain calculation in this tdoc
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