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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In RAN#102 meeting, it was agreed in the WID [1]:
	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].



For the second issue, i.e., on-demand SIB1 for UEs in idle/inactive mode, in later RAN1#116 meeting, several agreements were further reached [2,3,4], including:
	Agreement [2]
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



	Agreement [3]
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
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.
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 [4]
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



In this contribution, we will discuss possible enhancements on UL WUS configuration and termination conditions of on-demand SIB1.

1. Discussion
Following the discussions in [5,6,7,8], for procedure and signaling methods to support on-demand SIB1, four possible scenarios are illustrated and the features associated with each scenario are briefly summarized in Table 1.
Table 1: A summary of possible scenarios for on-demand SIB1 delivery
	
	Configuration provision for UL WUS transmission
	Target cell of UL WUS transmission
	Source cell of on-demand SIB1 transmission
	Feature summary

	Scenario 1
	Cell A
	Cell A
	Cell A
	•SIB1 can be exchanged from NES Cells to Cell A via backhaul signaling.
•Cell A handles the UL WUS configuration and WUS reception from UE, as well as the delivery of SIB1 of NES cell to the UE.

	Scenario 2
	Cell A
	Cell A
	NES Cell
	•Cell A handles the UL WUS configuration and UL WUS reception from the UE.
•Cell A can trigger NES Cell via backhaul signaling to enable its SIB1 delivery to the UE.

	Scenario 3
	Cell A
	NES Cell
	NES Cell
	•The information of UL WUS configuration can be exchanged from NES Cells to the Cell A via backhaul signaling.
•Cell A only handles UL WUS configuration to the UE; NES Cell handles UL WUS reception from the UE and the delivery of its SIB1 to the UE.

	Scenario 4
	NES Cell
	NES Cell
	NES Cell
	•NES Cell handles the UL WUS configuration and reception from the UE, as well as the delivery of its SIB1 to the UE, all of which is independent from that of Cell A.


(*) In [2], Cell A is assumed as: A cell that is periodically transmitting at least its own SIB1, while NES Cell is assumed as: A cell that may transmit SIB1 transmission in response to UL WUS from a UE.
Scenario 1 inevitably imposes a lot of workload on the anchor cell and might be infeasible to legacy systems because of the constraints on maximum message size for SIB1; while scenario 4, a standalone solution independent from the anchor cell, might be invalid due to UE’s unpredictable mobility in idle/inactive mode. In this regard, scenario 2 and scenario 3 are more appropriate for further study.
Observation 1. Aforementioned scenario 2 and scenario 3 are more appropriate for further study, where the only difference lies in which cell, Cell A or NES Cell, be the target of UL WUS transmission.
[bookmark: _Toc110962505][bookmark: _Toc110962510][bookmark: _Toc110962524][bookmark: _Toc110962565][bookmark: _Toc110966589][bookmark: _Toc110966849][bookmark: _Toc110967584][bookmark: _Toc110967684]UL WUS configuration
In Table 1, one issue is noted: no prior knowledge of which NES cell(s) to be triggered will result in the preparation of multiple UL WUS configurations on Cell A, i.e., one configuration for one NES Cell, though some may not be really needed at the moment.
Observation 2. No prior knowledge of which NES cell(s) to be triggered results in the preparation of multiple UL WUS configurations on Cell A.
In relation to effective use of dedicated PRACH resource for SIB1 request in the UL WUS configuration, cell identification of NES Cells can be utilized to trigger the NES Cell(s) of the choice, where such cell identification can be exchanged between Cell A and NES Cells via backhaul signaling as part of UL WUS configuration, and can be retrieved on UE in regular RRM measurements before sending UL WUS.
Observation 3. Utilizing cell identification of NES Cells in the UL WUS configuration on Cell A and in regular RRM measurements on UE brings the benefit of effective use of dedicated PRACH resource for SIB1 request.
Proposal 1. Embedding of cell identification of NES Cells in the UL WUS configuration should be considered.
Termination conditions for on-demand SIB1
In Table 1, another issue is also noted: the termination conditions for on-demand SIB1 are not clearly specified, and therefore pre-defined wake-up duration for NES Cell(s) may sometimes appear to be NES-ineffective.
Observation 4. The termination conditions for on-demand SIB1 have not been specified, which are of the same importance as the triggering conditions for the effectiveness of NES.
When an NES Cell is triggered to wake up, usually it will last its normal SIB1 transmission in a pre-defined duration or by pre-defined repetitions, and then go back to its NES mode after that. However, such behavior may sometimes appear to be NES-ineffective, for it lasts longer than what is needed. Alternatively, an UL WUS from UE with off-indication may be utilized to trigger the NES Cell to go back to its NES mode immediately after on-demand SIB1 is received, which is more NES-effective for infrequent on-demand SIB1 requests.
[bookmark: _GoBack]Observation 5. For infrequent on-demand SIB1 requests, the termination of on-demand SIB1 by UE is much more critical to the effectiveness of NES.
Either solution can work as long as an agreement is reached between the UE and the NES Cell to avoid possible confusion between the two, which can be achieved in the information exchange between Cell A and NES Cells via backhaul signaling as part of UL WUS configuration, and in off-indication in the UL WUS from the UE.
Proposal 2. The termination mechanism for on-demand SIB1 by either NES Cell or UE should be further studied.

1. Conclusion
In this contribution, we have the following observations and proposals:
Observation 1. Aforementioned scenario 2 and scenario 3 are more appropriate for further study, where the only difference lies in which cell, Cell A or NES Cell, be the target of UL WUS transmission.
Observation 2. No prior knowledge of which NES cell(s) to be triggered results in the preparation of multiple UL WUS configurations on Cell A.
Observation 3. Utilizing cell identification of NES Cells in the UL WUS configuration on Cell A and in regular RRM measurements on UE brings the benefit of effective use of dedicated PRACH resource for SIB1 request.
Proposal 1. Embedding of cell identification of NES Cells in the UL WUS configuration should be considered.
Observation 4. The termination conditions for on-demand SIB1 have not been specified, which are of the same importance as the triggering conditions for the effectiveness of NES.
Observation 5. For infrequent on-demand SIB1 requests, the termination of on-demand SIB1 by UE is much more critical to the effectiveness of NES.
Proposal 2. The termination mechanism for on-demand SIB1 by either NES Cell or UE should be further studied.
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