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[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Based on the outcome of RAN#102 meeting, the following objectives were agreed in the WID (RP-234065):
	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].


In this contribution, we will discuss the issues related to the on-demand SIB1 for idle/inactive mode UEs. And in our companion contribution, we will discuss the issues on-demand SSB Scell operation and adaptation of common signal/channel transmissions in [1][2]. 
Terminology
Anchor cell: It refers to a cell transmitting SIB1 as legacy procedure (up to Rel. 18). UE shall be able to detect and camp to anchor cell.
Non-anchor cell: It refers to a cell also supporting SIB1-less function apart from legacy SIB1 operation, where the SIB1 information of non-anchor cell can be transmitted either via anchor cell or non-anchor cell based on UE requesting with UL on-demand signal. 
Scenarios
Regarding the on-demand SIB1 transmission from the gNB for RRC_IDLE/INACTIVE UEs, two deployment scenarios can be considered in general as shown in Figure-1:
· Scenario-A: Co-located anchor and non-anchor cell in the same gNB, where the information exchange between the two cells is via internal interface. The RUs of anchor and non-anchor cells are physically located.  
· Scenario-B: Non-co-located anchor and non-anchor cell in different gNBs, where the information exchange between the two cells is via backhaul interface, i.e. Xn. The RUs of anchor and non-anchor cells are physically non-located.  
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Scenario-A: Co-located Anchor and Non-anchor cell
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Scenario-B: Non-co-located Anchor and Non-anchor cell

	Figure 1


For our considerations, the UL on-demand SIB1 request signal, also called wake-up-signal (WUS) in the WID, can be received either by the anchor cell or the non-anchor cell. The scenarios of non-co-located and co-located anchor and non-anchor cell can be discussed separately. Both co-located and non-co-located scenarios are worthwhile to be explored and discussed for on-demand SIB1.    
Proposal-1: RAN1 to consider two scenarios: Co-located anchor and non-anchor cell vs. Non-co-located anchor and non-anchor cell.
Proposal-2: RAN1 to consider unified solution for the two scenarios whenever possible.

Procedure and signaling methods to support on-demand SIB1:
There are four procedures for operation of on-demand SIB1 shown in below Figure-2 as an example shown with non-co-located scenario, where it is assumed that the on-demand SIB1 (i.e. with no legacy kind of SIB1 transmission mode) is intended to be operated in the non-anchor cell:
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Scenario-2-1
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Scenario-2-2
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Scenario-2-3
	[image: ]
Scenario-2-4

	Figure-2



As shown in Figure-2:
· For Scenario-2-1: It is assumed that the backhaul signaling of on-demand SIB1 request signal/WUS configuration can be exchanged between anchor and non-anchor cells (via backhaul for non-co-located scenario or via internal interface for collocated scenario), and the anchor cell can handle the on-demand signal configuration to the RRC IDLE/INACTIVE UEs as well as the on-demand signal reception from the RRC IDLE/INACTIVE UEs. In the meanwhile, the anchor cell will also handle the delivery of on-demand non-anchor cell SIB1 to the RRC IDLE/INACTIVE UEs based on the exchanged information via backhauling. From network energy saving perspective, in this case, the non-anchor cell could achieve the best network side energy saving performance for non-anchor cell, where with only the network side energy required for information exchange of backhauling. This case does not require UE switching between anchor and non-anchor cell for acquiring the on-demand SIB1. 
· For Scenario-2-2: It is assumed that the anchor cell could trigger the non-anchor cell to send the on-demand SIB1 by non-anchor cell itself, where the anchor cell can handle the on-demand signal configuration to the RRC IDLE/INACTIVE UEs as well as the on-demand signal reception from the RRC IDLE/INACTIVE UEs. This case requires UE switching between anchor and non-anchor cell for acquiring the on-demand SIB1.
· For Scenario-2-3: It is assumed that the anchor cell only handles the on-demand signal configuration to the RRC IDLE/INACTIVE UEs, e.g. the information of on-demand signal configuration can be exchanged via backhauling beforehand for non-collocated case. And the non-anchor cell will handle the on-demand signal reception from the RRC IDLE/INACTIVE UEs as well as handling of on-demand SIB1 transmission by itself. This case requires non-anchor cell to monitor for on-demand signal/WUS reception, which increases the energy consumption for non-anchor cell. This case requires UE switching between anchor and non-anchor cell for acquiring the on-demand SIB1.
· For Scenario-2-4: It is assumed that the operation of on-demand SIB1 is independent from the anchor cell, where the non-anchor cell will handle the on-demand signal configuration to the RRC IDLE/INACTIVE UEs as well as the on-demand signal reception from the RRC IDLE/INACTIVE UEs. In the meanwhile, the non-anchor cell will also handle the delivery of on-demand SIB1 to the RRC IDLE/INACTIVE UEs. This case requires a mechanism to point to UE the on-demand signal/WUS. This case requires UE switching between anchor and non-anchor cell for acquiring the on-demand SIB1.

Note that, the response from network (implicit/explicit acknowledgement) to on-demand SIB1 request is dropped from the Figure-2 for clarity.    
Observation-1: There are four scenarios to be discussed as an example shown in Figure-2 with non-collocated case.
Proposal-3: RAN1 agree on the scenarios to be studied for on-demand SIB1 operation with R19 NES. 
Proposal-4: Based on the agreed scenarios, RAN1 to discuss at least the following aspects:
· How to deliver the configuration of on-demand SIB1 WUS to UE?
· To which cell (anchor or non-anchor) that the UE should transmit the WUS? 
· From which cell (anchor or non-anchor) the UE shall receive the contents of the on-demand SIB1? 

· About configuration of on-demand SIB1 signal/WUS:
There can be two options regarding on-demand signal/WUS configuration as shown in Figure-2:
· Option1: The anchor cell transmits WUS configuration.
Practically, it can be assumed that the anchor cell provides the IDLE mode functions for camping and initial access, where the common signals/channels including SSB/SIB/paging/RACH can be transmitted to or received from the RRC_IDLE/INACTIVE UEs camping on this cell. Thus, naturally it can be further assumed that the anchor cell can be used also to transmit the on-demand SIB1 WUS configuration to UE, where the on-demand SIB1 WUS configuration can be added as part of system information of anchor cell.

· Option 2: The non-anchor cell transmits WUS configuration. 
As shown in Scenario-2-4 of Figure-2, The non-anchor cell may provide SSB transmission, as well as on-demand SIB1 transmission, by itself. 
Generally, there is a need to discuss on how the on-demand SIB1 WUS configuration is delivered to the RRC_IDLE/INACTIVE UEs by the non-anchor cell itself. In the meanwhile, for non-anchor cell operated in on-demand SIB1 mode, how to indicate the network gNB operation from the legacy SIB1 transmission to on-demand SIB1 mode may also need to be discussed.

Observation-2: For the scenario of anchor cell transmission of WUS configuration, naturally the on-demand SIB1 WUS configuration can be added as part of system information of anchor cell.
Observation-3: For the scenario of non-anchor cell transmission of WUS configuration, there is a need to discuss on how the on-demand SIB1 WUS configuration is delivered to the RRC_IDLE/INACTIVE UEs by the non-anchor cell itself. In the meanwhile, for non-anchor cell operated in on-demand SIB1 mode, how to indicate the network gNB operation from the legacy SIB1 transmission to on-demand SIB1 mode may also need to be discussed.
Proposal-5: Based on the scenarios shown in Figure-2, RAN1 to study on how the WUS configuration of on-demand SIB1 is conducted to the RRC_IDLE/INACTIVE UEs. 

· About on-demand SIB1 signal/WUS:
In general, in legacy the first message for RRC_IDLE/INACTIVE UEs to communicate with NW is the sending of UL PRACH signal. In addition, in legacy for RRC_IDLE/INACTIVE UEs requesting the on-demand SIB(s) other than SIB1 information, it also requires the RRC_IDLE/INACTIVE UEs to perform PRACH transmission as requesting indication to the NW. To align with the legacy on-demand SIB operation, PRACH should be used as on-demand signal for triggering of SIB1 transmission for RRC_IDLE/INACTIVE UEs. 
Observation-4: As stated in the WID of R19 NES, only the existing signal shall be considered as the on-demand SIB1 signal/WUS. 
Proposal-6: Considering aligning with legacy SI on demand, it prefers the PRACH as UL triggering signal used by RRC_IDLE/INACTIVE UE for requesting SIB1 transmission. 
  
Moreover, as shown in Figure-2, depends on scenarios, the UL on-demand signal/WUS can be transmitted towards and received either the anchor cell or the non-anchor cell. Practically, monitoring of on-demand SIB1 WUS signal may cause extra network energy consumption with network reception. But on the other hand, it allows the non-anchor cell to operate the on-demand SIB1 independently from the anchor cell, i.e. without the need of backhaul signaling.
Observation-5: Practically, monitoring of on-demand SIB1 WUS signal may cause extra network energy consumption with network reception. But on the other hand, it allows the non-anchor cell to operate the on-demand SIB1 independently from the anchor cell, i.e. without the need of backhaul signaling.
Proposal-7: Based on the scenarios shown in Figure-2, RAN1 to study on how the UL on-demand SIB1 signal/WUS is performed.  

· About on-demand SIB1 contents delivery:
As shown in Figure-2, the contents of on-demand SIB1 can be delivered to the RRC_IDLE/INACTIVE UE either via anchor cell (as shown in Scenario-2-1 of Figure-2) or non-anchor cell (as shown in Scenario-2-2/3/4 of Figure-2). For the delivery of on-demand SIB1 contents via anchor cell, in a straightforward manner, it can be added and delivered as part of the system information of anchor cell. And for the delivery of on-demand SIB1 contents via non-anchor cell, it can be either triggered by anchor cell via backhaul signaling or it can be performed in a configuration manner by non-anchor cell itself. So, based on the scenarios illustrated in Figure-2, RAN1 to discuss on how the contents of on-demand SIB1 is delivered to the RRC_IDLE/INACTIVE UEs.
Observation-6: The contents of on-demand SIB1 can be delivered either via anchor cell or non-anchor cell.
Proposal-8: Based on the scenarios shown in Figure-2, RAN1 to study on how the contents of on-demand SIB1 is delivered to the RRC_IDLE/INACTIVE UEs.

Based on the above discussion, and for the sake of clarity, we summarize the impact of each scenario.
Table 1: Summary of scenarios to be discussed in REL 19 NES and the impact of each scenario.
	
	Non-anchor Tx and Rx signals/channels

	UE switching between anchor and non-anchor cell
	Requiring information exchange between different gNBs

	
	For both collocated and non-collocated
	Collocated
	Non-collocated

	Scenario-2-1
	-
	No
	No
	Yes

	Scenario-2-2
	SIB1 Tx
	Yes
	No
	Yes

	Scenario-2-3
	WUS Rx & SIB1 Tx
	Yes
	No
	Yes

	Scenario-2-4
	WUS config & WUS Rx & SIB1 Tx
	No
	No
	No




Conclusions
In this contribution, we have the following observations and proposals:
Proposal-1: RAN1 to consider two scenarios: Co-located anchor and non-anchor cell vs. Non-co-located anchor and non-anchor cell.
Proposal-2: RAN1 to consider unified solution for the two scenarios whenever possible.
Observation-1: There are four scenarios to be discussed as an example shown in Figure-2 with non-collocated case.
Proposal-3: RAN1 agree on the scenarios to be studied for on-demand SIB1 operation with R19 NES. 
Proposal-4: Based on the agreed scenarios, RAN1 to discuss at least the following aspects:
· How to deliver the configuration of on-demand SIB1 WUS to UE?
· To which cell (anchor or non-anchor) that the UE should transmit the WUS? 
· From which cell (anchor or non-anchor) the UE shall receive the contents of the on-demand SIB1? 
Observation-2: For the scenario of anchor cell transmission of WUS configuration, naturally the on-demand SIB1 WUS configuration can be added as part of system information of anchor cell.
Observation-3: For the scenario of non-anchor cell transmission of WUS configuration, there is a need to discuss on how the on-demand SIB1 WUS configuration is delivered to the RRC_IDLE/INACTIVE UEs by the non-anchor cell itself. In the meanwhile, for non-anchor cell operated in on-demand SIB1 mode, how to indicate the network gNB operation from the legacy SIB1 transmission to on-demand SIB1 mode may also need to be discussed.
Proposal-5: Based on the scenarios shown in Figure-2, RAN1 to study on how the WUS configuration of on-demand SIB1 is conducted to the RRC_IDLE/INACTIVE UEs. 
Observation-4: As stated in the WID of R19 NES, only the existing signal shall be considered as the on-demand SIB1 signal/WUS. 
Proposal-6: Considering aligning with legacy SI on demand, it prefers the PRACH as UL triggering signal used by RRC_IDLE/INACTIVE UE for requesting SIB1 transmission. 
Observation-5: Practically, monitoring of on-demand SIB1 WUS signal may cause extra network energy consumption with network reception. But on the other hand, it allows the non-anchor cell to operate the on-demand SIB1 independently from the anchor cell, i.e. without the need of backhaul signaling.
Proposal-7: Based on the scenarios shown in Figure-2, RAN1 to study on how the UL on-demand SIB1 signal/WUS is performed.  
Observation-6: The contents of on-demand SIB1 can be delivered either via anchor cell or non-anchor cell.
Proposal-8: Based on the scenarios shown in Figure-2, RAN1 to study on how the contents of on-demand SIB1 is delivered to the RRC_IDLE/INACTIVE UEs.
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