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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

[bookmark: OLE_LINK255]In RAN1 #116 [2], the following is agreed:

Agreement
For discussion purpose, the following assumption will be used in RAN1
· Cell A: A cell that is periodically transmitting at least its own SIB1
· NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
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 
Other options are not precluded

[bookmark: OLE_LINK226]Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· [bookmark: OLE_LINK185][bookmark: OLE_LINK188]Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· [bookmark: OLE_LINK189]Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
[bookmark: OLE_LINK186]Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used

[bookmark: OLE_LINK190]Agreement
· For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
· Other option(s) not precluded

Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.

Agreement
For the study of on-demand SIB1 for idle/inactive mode UE, RAN1 to further study whether feedback from gNB in response to the SIB1 request is supported including associated details.

Agreement
[bookmark: OLE_LINK163]For the further study on UL WUS configuration among the following options:
· Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell

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

Our expected 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

[bookmark: OLE_LINK279]Observation 1: 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. [bookmark: OLE_LINK249][bookmark: OLE_LINK230]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?
[bookmark: OLE_LINK248]As 2% [4] to 38% [5] NES gain was reported in previous 3GPP tdocs.

[bookmark: OLE_LINK224]Observation 2: 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


[bookmark: OLE_LINK227]Observation 3: 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

[bookmark: OLE_LINK231]3.3 Analysis/simulation results for NES gain of on-demand SIB1

In this section, based on the gNB operation timeline in Figure 3 and the following agreed FR1 evaluation assumption during RAN1 #116, we performed analysis/simulation results for FR1 NES gain of on-demand SIB1 as shown in Figure 5 to Figure 8. For FR2, we also show some NES gain evaluation results in Figure 9. The BS power values from TR 38.864 [2] used for NES gain calculation is attached in the appendix section.

Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used
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[bookmark: OLE_LINK292][bookmark: OLE_LINK293]Figure 5.  Evaluated FR1 NES gain based on the gNB operation timeline and system settings in Figure 3 and RAN1 #116 agreement (8 beams, Cat 1 BS)
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[bookmark: OLE_LINK294]Figure 6.  Evaluated FR1 NES gain based on the gNB operation timeline and system settings in Figure 3 and RAN1 #116 agreement (4 beams, Cat 1 BS)
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[bookmark: OLE_LINK295]Figure 7.  Evaluated FR1 NES gain based on the gNB operation timeline and system settings in Figure 3 and RAN1 #116 agreement (8 beams, Cat 2 BS)
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[bookmark: OLE_LINK296]Figure 8.  Evaluated FR1 NES gain based on the gNB operation timeline and system settings in Figure 3 and RAN1 #116 agreement (4 beams, Cat 2 BS)
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Figure 9.  Evaluated FR2 NES gain based on the gNB operation timeline in Figure 3 (32 beams, Cat 1 BS)


[bookmark: OLE_LINK245][bookmark: OLE_LINK299][bookmark: OLE_LINK250]Observation 4: Based on the gNB operation timeline in Figure 3 and the agreed FR1 system settings from RAN1 #116, the analyzed/simulated FR1/FR2 NES gain of on-demand SIB1 is shown in Figures 5~8 (FR1) and Figure 9 (FR2). 
· [bookmark: OLE_LINK247]For FR1, the gain is evident (>10%) for
· [bookmark: OLE_LINK297][bookmark: OLE_LINK298]empty/low load, 4 beams (or more), 20ms SIB1 periodicity, Cat 1/2 BS
· medium load, 8 beams, 20ms SIB1 periodicity, Cat 1 BS
NES gain value can be up to 45.91% (8 beams, 20ms SIB1 period, empty load, Cat 1 BS) and down to 0.48% (4 beams, 160ms SIB1 period, medium load, Cat 2 BS). 
· [bookmark: OLE_LINK251]For FR2, the gain is evident (>10%) for 
· empty load, 32 beams, 20ms SIB1 periodicity, Cat 1/2 BS

[bookmark: OLE_LINK252]Observation 5: The baseline BS antenna configuration of FR2 in Table B-2 of TR 38.864 [5] seems to have poor coverage. Hence, it is suggested to evaluate only empty load NES gain for FR2.

4. Discussion of detailed design of on-demand SIB1 and UL WUS
[bookmark: OLE_LINK233][bookmark: OLE_LINK236]4.1 Using which signal/channel to transmit the UL WUS configuration to the UE

[bookmark: OLE_LINK234]For this topic, we have the following proposal:

[bookmark: OLE_LINK280]Proposal 1: Use SIBx of Cell A (normal cell) to provide UL WUS configuration to the UE.
1. One cell can enter a sleep state that it does not transmit system information block 1 (SIB1). When a cell is in such a sleep state, it relies on UE to transmit a UL wake-up signal (WUS) to resume the SIB1 transmission. For a cell that does not enter such a sleep state, it can broadcast/transmit the configuration(s) of UL WUS for its neighbour cell(s) which are in a sleep state.

[bookmark: OLE_LINK253]4.2 UL WUS is cell-specific or shared among multiple cells

[bookmark: OLE_LINK241]For this topic, we have the following proposal:

[bookmark: OLE_LINK254]Proposal 2: UL WUS configuration can be shared among multiple cells, for example:
1. Multiple cells in the same tracking area, or
1. Multiple cells in the same frequency interval

[bookmark: OLE_LINK238]4.3 How UE identifies a NES cell is with on-demand SIB1

Proposal 3: UE identifies that there is no SIB1 for a cell based on the sleep cell physical cell identity (PCI)(s) provided by another cell which is not in the sleep state.

[bookmark: OLE_LINK239]4.4 UL WUS signal structure

For this topic, we have the following proposal:

Proposal 4: Use a simplified version of legacy RACH to serve as the uplink WUS signal.

[bookmark: OLE_LINK240]4.5 Supported operation for the NES cell with on-demand SIB1

For this topic, we have the following proposal:

Proposal 5: For a NES cell with on-demand SIB1, it should support the following operations:
· SSB transmission  
· WUS reception  
· SIB1 transmission  
· Initial access/RACH procedure
· Paging transmission 
· OSI transmission  

4.6 Triggering condition for UE to transmit uplink WUS

For this topic, we have the following proposal:

Proposal 6: For the triggering conditions for sending UL-WUS, UE can transmit the UL WUS after identifying that there is no SIB1 transmitted for a cell it is going to camp on. Detailed triggering timeline of UL-WUS can be discussed in RAN2.

4.7 Confirmation of reception of UL WUS transmission

For this topic, we have the following proposal:

[bookmark: OLE_LINK244]Proposal 7: Support RAR as the explicit response to the UL WUS requesting SIB1.

[bookmark: OLE_LINK246]Or, if SIB1 presence is indicated in MIB reserved bit, as SIB1 updating period (160ms) is small compared to normal paging cycle period (Ex. 1.28s), it may not be necessary to support the explicit response to the UL WUS requesting SIB1.

Observation 6: Or, if SIB1 presence is indicated in MIB reserved bit, as SIB1 updating period (160ms) is small compared to normal paging cycle period (Ex. 1.28s), it may not be necessary to support the explicit response to the UL WUS requesting SIB1.

4.8 How long on-demand SIB1 is transmitted after BS receives a UL WUS

For this topic, we have the following proposal:

Proposal 8: For the time domain behaviours of on-demand SIB1 reception for UE, support SIB1 reception scheduled by the DCI (as in legacy procedure) within a time window.

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: 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).

[bookmark: OLE_LINK232]Observation 2: 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 3: 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 4: Based on the gNB operation timeline in Figure 3 and the agreed FR1 system settings from RAN1 #116, the analyzed/simulated FR1/FR2 NES gain of on-demand SIB1 is shown in Figures 5~8 (FR1) and Figure 9 (FR2). 
· For FR1, the gain is evident (>10%) for
· empty/low load, 4 beams (or more), 20ms SIB1 periodicity, Cat 1/2 BS
· medium load, 8 beams, 20ms SIB1 periodicity, Cat 1 BS
NES gain value can be up to 45.91% (8 beams, 20ms SIB1 period, empty load, Cat 1 BS) and down to 0.48% (4 beams, 160ms SIB1 period, medium load, Cat 2 BS). 
· For FR2, the gain is evident (>10%) for 
· empty load, 32 beams, 20ms SIB1 periodicity, Cat 1/2 BS

Observation 5: The baseline BS antenna configuration of FR2 in Table B-2 of TR 38.864 [5] seems to have poor coverage. Hence, it is suggested to evaluate only empty load NES gain for FR2.

Proposal 1: Use SIBx of Cell A (normal cell) to provide UL WUS configuration to the UE.
 One cell can enter a sleep state that it does not transmit system information block 1 (SIB1). When a cell is in such a sleep state, it relies on UE to transmit a UL wake-up signal (WUS) to resume the SIB1 transmission. For a cell that does not enter such a sleep state, it can broadcast/transmit the configuration(s) of UL WUS for its neighbour cell(s) which are in a sleep state.

Proposal 2: UL WUS configuration can be shared among multiple cells, for example:
 Multiple cells in the same tracking area, or
 Multiple cells in the same frequency interval

Proposal 3: UE identifies that there is no SIB1 for a cell based on the sleep cell physical cell identity (PCI)(s) provided by another cell which is not in the sleep state.

Proposal 4: Use a simplified version of legacy RACH to serve as the uplink WUS signal.

Proposal 5: For a NES cell with on-demand SIB1, it should support the following operations:
· SSB transmission  
· WUS reception  
· SIB1 transmission  
· Initial access/RACH procedure
· Paging transmission 
· OSI transmission  

Proposal 6: For the triggering conditions for sending UL-WUS, UE can transmit the UL WUS after identifying that there is no SIB1 transmitted for a cell it is going to camp on. Detailed triggering timeline of UL-WUS can be discussed in RAN2.

Proposal 7: Support RAR as the explicit response to the UL WUS requesting SIB1.

Observation 6: Or, if SIB1 presence is indicated in MIB reserved bit, as SIB1 updating period (160ms) is small compared to normal paging cycle period (Ex. 1.28s), it may not be necessary to support the explicit response to the UL WUS requesting SIB1.

Proposal 8: For the time domain behaviours of on-demand SIB1 reception for UE, support SIB1 reception scheduled by the DCI (as in legacy procedure) within a time window.

6. [bookmark: OLE_LINK205]Reference
RP-234065, “New WID: Enhancements of network energy savings for NR”, Ericsson (Moderator), RAN #102
[bookmark: OLE_LINK307][bookmark: OLE_LINK256]Chairman’s Notes (Younsun’s Session), RAN1 #116 (Rel-19 9.5.2 On-demand SIB1)
RP-233052, “Rel-19 Network energy saving enhancements”, vivo, RAN #102
RP-233379, “Views on Scope for NR Network Energy Savings in Rel-19”, Qualcomm, RAN #102
3GPP TR 38.864, V18.1.0, “Study on network energy savings for NR”

7. Appendix: BS power values from TR 38.864 used for NES gain calculation in this tdoc
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On-demand SIB1, Video, 4 beams, FR1, scs = 30kHz
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Simulation Results (Cat 1)
On-demand SIB1, Video, 32 beams, FR2, scs = 120kHz

« SIBI Pattern 1
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BS power state assumption for FR1
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: Uplink WUS configuration of NES cell
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