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1. Introduction
At the RAN#102 meeting, the new work item of “Enhancement of network energy savings for NR” was agreed [1]. The work item scope is showed as follow. In this contribution, we provide our views on the second scope on on-demand SIB1 for UEs in RRC_IDLE/RRC_INACTIVE mode UEs.  

	The objectives of the work item are the following:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.
2. 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
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
4. Specify the corresponding core requirements, for the above features [RAN4].



2. Discussion on on-demand SIB1
2.1  Scenarios of SIB1 requesting when UE in idle/inactive mode 
In order to clarify the scope and impact of on-demand SIB1 for UEs in RRC_IDLE/RRC_INACTIVE mode, the following aspects should be studied in this objective.
· For what purpose a UE triggers and uses on-demand SIB1 considering the legacy UE behavior on SIB1.
· Condition before UE triggers on-demand SIB1.

Regarding the second bullet point, we discuss how a UE triggers on-demand SIB1 in several conditions before triggering in Section 2.2.
In order to study the first bullet point, we listed up the typical legacy procedure related to SIB1 as follows:

1. Before camping on a cell
· Cell search
· Cell (re-)selection 
· Read minimum SI (MIB/SIB1)
· Determine a cell to camp on.

2. After camping on a cell
· Monitor paging/short message.
· Monitor relevant SI (scheduled by SIB1)
· Perform necessary measurements for cell reselection.
· Note: Above behaviors based on the parameters in SIB1/relevant SI

3. initial access
· Transmit msg1 and perform subsequent RACH procedure.
· Note: RACH procedure based on the parameters in SIB1/relevant SI

By seeing the above procedures, it can be said that there are mainly three purposes to use SIB1 in the legacy specifications, (1) determine whether a cell can be camped on or not in cell (re-)selection procedure, (2) perform necessary behaviour in UE idle/inactive mode in the camped-on cell, (3) perform RACH procedure to be in RRC connected mode. 

As an example, UEs that move to the cell edge of a cell#1 (UE#A) or UEs that are just turned-on in the center of the area covered by cell#2 (UE#B) in Figure1, would require SIB1 to perform (1). After that, UEs in the cell supporting on-demand SIB1 would request SIB1 to perform (2) or (3). Whether the latter request is needed or not would be determined based on which SI(s) is needed and the validity of SIB1/relevant SI, which are FFS.
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Figure 1 SIB1 requesting scenarios

Observation 1:
· SIB1 is needed in the following procedures for idle/inactive UEs in the legacy specifications 
· Before camping on a cell, to determine whether a cell can be camped on or not.
· After camping on a cell, to monitor paging/short message, relevant SI and perform necessary measurements for cell reselection.
· When triggered, to transmit msg1 and perform subsequent RACH procedure.

Proposal 1:
· Consider the following scenarios on whether/when idle/inactive UEs trigger on-demand SIB1.
· Before camping on a cell, to determine whether a cell can be camped on or not.
· After camping on a cell, to monitor paging/short message, relevant SI and perform necessary measurements for cell reselection.
· When triggered, to transmit msg1 and perform subsequent RACH procedure.


2.2  WUS design and indication of WUS configuration   
WUS design
As restricted in the work item scope, for the on-demand SIB1 triggering by uplink wake-up-signal (WUS), it should use an existing signal or channel. For the UE in RRC_IDLE/RRC_INACTIVE mode, the UL synchronization is not achieved yet. It should be ensured that the wake-up signal can be correctly received at gNB side for the further gNB wake-up procedure. In such case, PRACH can be one promising wake-up signal for gNB reception. 

Observation 2:
· Without UL synchronization for idle/inactive mode UE, transmission of PRACH as wake-up signal can ensure correct reception at gNB side. 
Proposal 2:
· Consider transmission of PRACH as a wake-up signal for on-demand SIB1 transmission. 

WUS configuration
As how a UE acquires WUS configuration should be studied, we think there are two possible approaches for indication of WUS configuration: 
· Alt.1: WUS configuration is indicated from the cell to perform on-demand SIB1 transmission (on-demand SIB1 cell)
· E.g., in PBCH
· Alt.2: WUS configuration is indicated from other cell(s) than on-demand SIB1 cell.
· E.g., in other cell’s SIB1, SIB X

For these two indication approaches, we compare them by considering their pros and cons. The details can be found in Table 1. 

For Alt.1, the WUS configuration is indicated in the SS/PBCH from its own on-demand SIB1 cell. When SIB1 is not triggered yet, UE could just receive the PBCH from the cell. If the WUS configuration can be indicated in the PBCH from the cell, UE can trigger the on-demand SIB1 transmission from the cell accordingly. That would achieve low latency and low complexity of UE behaviour to trigger on-demand SIB1. But whether PBCH can be used to indicate the WUS configuration is one of the concerns of Alt.1. Even PBCH can be used for WUS configuration indication, possible payload size for the indication is quite limited. Then the flexibility of WUS configuration is also quite limited. 

For Alt.2, the WUS configuration is indicated from other cell(s) possibly in SIB1 or other SIBs. In this approach, it requires a cell, which always transmits SIB1 for WUS configuration indication, located among cells that are capable for on-demand SIB1 transmission. That is the one concern from NW operation perspective, i.e., a UE has to acquire WUS config. from another cell than the on-demand SIB1 cell, so an on-demand SIB1 cell cannot be standalone deployment which means low NW deployment flexibility. Meanwhile, the flexibility of WUS configuration can be high thanks to potential payload size for the indication in SIB1 or other SIB. In some scenario, e.g., during initial cell selection where a UE has not acquired any valid WUS config., the latency of on-demand SIB1 reception becomes worse than Alt.1 as it needs additional reception procedure, e.g., PBCH and SIB1 reception from the cell offering WUS config. 

Table 1: Comparison among indication approaches of WUS configuration
	Indication of WUS configuration 
	Pros
	Cons

	Alt.1: 
WUS config. indicated in PBCH from its own on-demand SIB1 cell
	Low latency / Low UE behavior complexity because a UE can acquire WUS config. during reading MIB.

High deployment flexibility because a UE can acquire WUS config. from an on-demand SIB1 cell, thus an on-demand SIB1 cell can be standalone, where there are no other cells nearby.
	Low configuration flexibility due to quite limited payload size allowed in PBCH

	Alt.2: 
WUS config. indicated from other cell(s) 
	High configuration flexibility thanks to potential large payload size in SIB1/other SIBs  
 
	Low deployment flexibility because a UE has to acquire WUS config. from another cell than the on-demand SIB1 cell.

In some cases (e.g. initial cell selection), high latency / high UE behavior complexity may be expected.



Proposal 3:
· There are the following two approaches on indication of configuration of wake-up signal. RAN1 should study them to specify at least one of the approaches.  
· Alt.1: WUS configuration is indicated from its own on-demand SIB1 cell.
· E.g., in PBCH
· Alt.2: WUS configuration is indicated from other cell(s) than on-demand SIB1 cell.
· E.g., in other cell’s SIB1, SIB X

Observation 3:
· There are the following pros and cons of the way that WUS configuration is indicated from its own on-demand SIB1 cell.
· Pros: 
· Low latency / Low UE behavior complexity, because a UE can acquire WUS config. from PBCH of the cell.
· High deployment flexibility, because a UE can acquire WUS config. from an on-demand SIB1 cell, thus an on-demand SIB1 cell can be standalone deployed, where there are no other cells nearby.
· Cons: 
· Low configuration flexibility, due to quite limited payload size allowed in PBCH.

Observation 4:
· There are the following pros and cons of the way that WUS configuration is indicated from cell(s) other than on-demand SIB1 cell.
· Pros: High configuration flexibility, thanks to potential large payload size in SIB1/other SIBs  
· Cons: Low deployment flexibility, because a UE has to acquire WUS config. from another cell than the on-demand SIB1 cell.

On top of how to indicate WUS configuration as discussed above, the validity of the WUS config. would be another discussion point. We can consider that common WUS config. across multiple cells composed to a certain area or dedicated WUS config. for one cell. This aspect is coupled with how to indicate WUS config. It should be further studied considering deployment flexibility and feasibility of UE behaviour.

Proposal 4:
· Study the validity range of WUS configuration with following alternatives, 
· Alt.1: An area specific WUS configuration, where the area comprising multiple cells. 
· Alt.2: A cell specific WUS configuration.


2.3  Procedure of SIB1 transmission after wake-up 
Once on-demand SIB1 is triggered, how the on-demand SIB1 is transmitted and the corresponding UE behaviours should be considered. The following alternatives for time domain behaviour of SIB1 transmission can be considered: 
· Alt.1 Aperiodic SIB1 transmission
· Alt.2 Semi-persistence SIB1 transmission
· Alt.3 Periodic SIB1 transmission

For each alternative, whether/how to indicate/configure the property of SIB1 transmission and/or potential indication of SIB1 transmission, if necessary, should be carefully studied.

Proposal 5:
· Consider the following time domain behaviours of on-demand SIB1 TX, potential indication of the TX, and the way to configure these necessary parameters.
· Alt.1 Aperiodic SIB1 transmission
· Alt.2 Semi-persistence SIB1 transmission
· Alt.3 Periodic SIB1 transmission 

After reception of on-demand SIB1, since there are several purposes of on-demand SIB1 triggering as discussed in Section 2.1, further study is necessary on the subsequent UE behavior and each condition. 
Especially, in our understanding, a UE which does not have any SIB1 information, e.g., a UE during initial cell selection after turning on, shall communicate with NW for initial registration or registration update, which means the UE needs to perform random access for initial access. In legacy, PRACH is transmitted by RRC_IDLE/IACTIVE mode UE as Msg.1 for random access. As PRACH can be considered as candidate for WUS to trigger on-demand SIB1 transmission, it would be beneficial to study whether the UE wake-up procedure can be part of random-access procedure to reduce the initial access delay. 

Observation 5:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 

Proposal 6:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.    

3. Conclusion
In this contribution, we provided the following observations and proposals of on-demand SIB1 transmission for network energy saving.

Observation 1:
· SIB1 is needed in the following procedures in idle/inactive UEs in the legacy procedure 
Proposal 1:
· Study the following procedures for UE to trigger on-demand SIB1. 
· Before camping on a cell, to determine whether a camp cane be camped on or not.
· After camping on a cell, to monitor paging/short message, relevant SI and perform necessary measurements for cell reselection.
· When triggered, to transmit msg1 and perform subsequent RACH procedure.
Observation 2:
· Without UL synchronization for idle/inactive mode UE, transmission of PRACH as wake-up signal can ensure correct reception at gNB side. 
Proposal 2:
· Consider transmission of PRACH as a wake-up signal for on-demand SIB1 transmission. 
Proposal 3:
· There are the following two approaches on indication of configuration of wake-up signal. RAN1 should study them to specify at least one of the approaches.  
· Alt.1: WUS configuration is indicated from its own on-demand SIB1 cell.
· E.g., in PBCH
· Alt.2: WUS configuration is indicated from other cell(s) than on-demand SIB1 cell.
· E.g., in other cell’s SIB1, SIB X
Observation 3:
· There are the following pros and cons of the way that WUS configuration is indicated from its own on-demand SIB1 cell.
· Pros: 
· Low latency / Low UE behavior complexity, because a UE can acquire WUS config. from PBCH of the cell.
· High deployment flexibility, because a UE can acquire WUS config. from an on-demand SIB1 cell, thus an on-demand SIB1 cell can be standalone deployed, where there are no other cells nearby.
· Cons: 
· Low configuration flexibility, due to quite limited payload size allowed in PBCH.
Observation 4:
· There are the following pros and cons of the way that WUS configuration is indicated from cell(s) other than on-demand SIB1 cell.
· Pros: High configuration flexibility, thanks to potential large payload size in SIB1/other SIBs  
· Cons: Low deployment flexibility, because a UE has to acquire WUS config. from another cell than the on-demand SIB1 cell.
Proposal 4:
· Study the validity range of WUS configuration with following alternatives, 
· Alt.1: An area specific WUS configuration, where the area compromising multiple cells. 
· Alt.2: A cell specific WUS configuration.
Proposal 5:
· Consider the following time domain behaviours of on-demand SIB1 TX, potential indication of the TX, and the way to configure these necessary parameters.
· Alt.1 Aperiodic SIB1 transmission
· Alt.2 Semi-persistence SIB1 transmission
· Alt.3 Periodic SIB1 transmission 
Observation 5:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 
Proposal 6:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.    
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