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Background
 In RAN#102 meeting, a work item for the enhancement of network energy savings was approved [1]. Regarding the on-demand SIB1 transmission, due to unclarity of the overall procedure, it was agreed to start from study phase as follows:
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In RAN1#116 meeting, some options are listed to clarify overall procedure of the uplink wake-up-signal (UL WUS) and on-demand SIB1 transmission, as show in the Appendix. In this contribution, we provide further discussion related with overall procedure of on-demand SIB1 transmission.


Discussion
2.1 UL WUS configuration provision
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Figure 1 UL WUS configuration scenarios


 As mentioned in section 1, in order for UE to transmit UL WUS, transmission configuration of UL WUS should be provided to UE. In RAN1#116 meeting, the following agreement was made to list companies’ understandings on how UL WUS configuration is provided to the UE.

---------------
Agreement
---<not relevant part is omitted>----
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
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.
---------------

Regarding the first agreement about configuration provision, option A assumes a UE acquires UL WUS configuration from a NES Cell. As the NES cell does not periodically transmit SIB1, it should be clarified how to acquire uplink transmission configuration from the NES cell. 
There is one possible scenario for option A; the UE previously received UL WUS configuration of the same NES cell via e.g., SIB notification, and the information is still valid at the timing of the UL WUS transmission. Thus, UL WUS configuration in the previous on-duration time may be utilized without preventing the NES Cell from staying at sleep state. However, this scenario is only applicable to UEs without mobility, and thus it is difficult to cover other scenarios e.g., with UE mobility. Note that this scenario is also applicable to Option B (i.e., UL WUS configuration previously received from Cell A can be utilized as UL WUS configuration if it is still valid).
The other case for option A is that periodic SIB1 transmissions providing UL WUS configuration are still performed with a longer periodicity in addition to the on-demand transmissions. In this case, due to the additional transmission of SIB1, achievable NES gain by on-demand SIB1 is expected to be reduced. In addition, if UE can also receive SIB1 information other than UL WUS configuration by the periodic transmission, there is no need to receive on-demand SIB1. Hence, information delivered by the periodic SIB1 transmission should be clarified.
Regarding option B, it is assumed that UL WUS configuration is obtained from Cell A which periodically transmits SIB1. Cell A can indicate UL WUS configuration of the NES cell in multiple ways, including SIB1, other SIBs, etc. By notifying the up-to-date UL WUS configuration to the UE before UL WUS transmission becomes necessary, it could cover broader scenarios. 
Thus, it is expected that option B can cover more general scenarios compared with option A while not degrading NES gain. Regarding option A, if it is a common understanding among companies to utilize the previously received UL WUS configuration, feasibility of the option A may be checked after overall procedure of UL WUS configuration become clear. 

Proposal 1 RAN1 to study further UL WUS configuration provision with option B (from Cell A) as a baseline.
Observation 1 In the case that a UE utilizes previously received UL WUS configuration of the NES Cell, UE may transmit UL WUS without receiving the latest UL WUS configuration from the NES Cell.

Regarding the second agreement on UL WUS configuration, UL WUS configuration will be different depending on the actual deployment scenarios, including aspects like frequency band, cell deployment scenario and so on. In that sense, option 3 is expected to be applicable to broader scenarios. In case of option 1, it may restrict the applicable scenarios as only limited number of configurations will be available in the technical specification. RAN1 will also needs to spend more time to clarify the target scenarios and corresponding configuration set for specification. In case of option 2, to maintain a common configuration among multi-cells, backhaul coordination is necessary. Hence, technical benefit of option 1 and 2 should be discussed further.

Observation 2 Option 3 (UL WUS configuration that applies to a single NES cell) for the UL WUS configuration can cover general scenarios.

1. 
2. 
2.2 Target cell of the UL WUS transmission
[image: ]
Figure 2 Target cell of the UL WUS transmission

 In RAN1#116 meeting, alternatives for the target cell of the UL WUS transmission have been agreed as the following:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A

In option 1, a NES Cell is assumed to receive the UL WUS. As RAN1 is tasked to discuss on-demand SIB1 transmission in this agenda, to confirm the actual NES gain, the NES Cell is assumed to transmit SSB even while on-demand SIB1 transmission is not performed. UL WUS configuration can be provided either from the Cell A or the NES Cell according to the discussion in section 2.1. 
In option 2, a Cell A is assumed to receive the UL WUS. According to the offline discussion during RAN1#116, necessity of the option 2 is suggested for the case that there is no SSB transmission at the NES Cell during sleep state to achieve more NES gain. In this case, UL WUS configuration needs to be provided from the Cell A because the UE is not aware of the existence of the NES Cell. The Cell A is required to select appropriate NES Cell to transmit on-demand SIB1 without SSB measurement reports of the NES Cells from the UE. In addition, as the backhaul coordination between the Cell A and the NES Cell is required to indicate on-demand SIB1 transmission, it produces more spec. impact and additional latency to trigger on-demand SIB1 transmission at the NES Cell.
Thus, as the option 1 can provide a stable discussion baseline, we prefer to assume option 1 as a starting point. Regarding option 2, the necessity of the option depends on the assumption whether SSB is periodically transmitted at the NES Cell for idle/inactive UEs.

Observation 3 Option 2 (UE transmits UL WUS to Cell A) requires backhaul coordination to indicate on-demand SIB1 transmission from Cell A to NES Cell.
Observation 4 Necessity to specify Option 2 depends on whether periodic SSB transmission is assumed at NES Cells or not.
Proposal 2 RAN1 to clarify whether SSB is always transmitted from NES Cells or not.
Proposal 3 If only one option should be selected as the baseline, RAN1 to assume option 1 (UE transmits UL WUS to NES Cell) as the baseline.


2.3 UL WUS Signal
 In the WID, UL-WUS is assumed to be realized by an existing signal/channel. As it needs to be sent during RRC_IDLE/INACTIVE state, RACH preamble signal (i.e., msg1) is a candidate signal. In this case, it is necessary to discuss about the necessity of changes in the existing RACH specification e.g., RACH resource configuration and transmission power level for the UL WUS. Since inappropriate transmission configuration may lead to increase the inter-cell interference, UL WUS transmission configuration and appropriate transmission power setting is at least necessary. Regarding the transmission power setting, it can be performed in the same manner as the legacy PRACH transmission not to increase the inter-cell interference. 

Proposal 4 Discuss further about UL WUS transmission configuration to avoid excessive signalling.
Proposal 5 For UL WUS transmission based on PRACH, at least TPC should be applied in the same manner as the legacy PRACH transmission.

2.4 On-demand SIB1 transmission scheme
 Regarding on-demand transmission scheme, there are potentially 2 options: A) Resuming legacy SIB1 transmission or B) Transmitting one-shot SIB1 transmission. Regarding option A, it could be done with minimum specification impact. After resuming legacy SIB1 transmission, SIB1 transmission may be stopped based on timer management or implementation-based scheme.
 Regarding option B, it is basically feasible based on transmission window scheme similar to paging transmission. As option B is expected to make the SIB1 information delivery more efficient, network energy saving gain may be also improved. Considering the achievable NES gain by on-demand SIB1, the study of one-shot transmission is one of the key components to confirm the benefit.
 Thus, it should be discussed further about trade-off between specification impact and achievable NES gain by studying one-shot transmission scheme.

Proposal 6 Window based transmission scheme should be studied for on-demand SIB1 transmission.


Conclusion
In this contribution, overall procedure of the on-demand SIB1 transmission was discussed. The following proposals and an observation were made:

Proposal 1 RAN1 to study further UL WUS configuration provision with option B (from Cell A) as a baseline.
Observation 1 In the case that a UE utilizes previously received UL WUS configuration of the NES Cell, UE may transmit UL WUS without receiving the latest UL WUS configuration from the NES Cell.
Observation 2 Option 3 (UL WUS configuration that applies to a single NES cell) for the UL WUS configuration can cover general scenarios.
Observation 3 Option 2 (UE transmits UL WUS to Cell A) requires backhaul coordination to indicate on-demand SIB1 transmission from Cell A to NES Cell.
Observation 4 Necessity to specify Option 2 depends on whether periodic SSB transmission is assumed at NES Cells or not.
Proposal 2 RAN1 to clarify whether SSB is always transmitted from NES Cells or not.
Proposal 3 If only one option should be selected as the baseline, RAN1 to assume option 1 (UE transmits UL WUS to NES Cell) as the baseline.
Proposal 4 Discuss further about UL-WUS transmission configuration to avoid excessive signalling.
Proposal 5 For UL WUS transmission based on PRACH, at least TPC should be applied in the same manner as the legacy PRACH transmission.
Proposal 6 Window based transmission scheme should be studied for on-demand SIB1 transmission.
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Appendix: RAN1#116 agreements related with UL-WUS and on-demand SIB1 procedures

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
[bookmark: _Hlk162629103]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_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.
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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¢
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