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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 and RAN1#116bis meeting, some options are listed to clarify overall procedure of the uplink wake-up-signal (UL WUS) and on-demand SIB1 transmission, as shown in the Appendix. In this contribution, we provide further discussion related with overall procedure of on-demand SIB1 transmission.


Discussion
1.1 Overall procedure of on-demand SIB1 transmission[image: ]

 In RAN1#116bis meeting, RAN1 has further clarified potential options for overall procedure of the on-demand SIB1 transmission as shown the above. There are 3 potential cases for further study.

Case 1: (Option 1+A+X: UE transmits UL WUS to NES Cell, obtains the UL WUS configuration from NES Cell, and receives on-demand SIB1 from NES Cell)
 In Case 1, because the whole procedure is conducted between the NES Cell and the UE, inter-cell coordination is not required. However, how to provide UL WUS configuration without SIB1 transmission should be further clarified. In our understanding, the UL WUS configuration may be provided by the following options:
Option 1: Predefined in the specification,
Option 2: Periodic transmission of on-demand SIB1 configuration from the NES Cell.

In option 1 (Predefined in the specification), it is expected that it requires a lot of specification effort because there are a lot of uncertain points including planned UL WUS channel capacity, uplink transmission resource definition and so on. 
In option 2 (Periodic transmission of on-demand SIB1 configuration), due to the additional transmission of SIB1, achievable NES gain by on-demand SIB1 is expected to be reduced. In addition, if UE can receive SIB1 information other than UL WUS configuration by the periodic transmission, necessity of on-demand SIB1 provision is not clear. Thus, information delivered by the periodic SIB1 and on-demand SIB1 should be clarified. In addition, UE identification process of NES Cell may be difficult in this case as MIB can not bring sufficient information bit to configure the SIB transmission reception.
 Hence, we observe that there may be potential applicable scenario for Case 1 but there are a lot of discussion points to be clarified to confirm the feasibility. 

Observation 1: Case 1 (Option 1+A+X) needs further study about specification impact and overall procedure to confirm the feasibility.

Case 2: (Option 1+B+X: UE transmits UL WUS to NES Cell, obtains the UL WUS configuration from Cell A, and receives on-demand SIB1 from NES Cell)
 In the Case 2, the key difference from the case 1 is the source of UL WUS configuration. 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, and so on. By notifying the up-to-date UL WUS configuration to the UE before UL WUS transmission becomes necessary, it could cover broad scenarios.

Observation 2: Case 2 (Option 1+B+X) can cover broad scenarios.

Case 3: (Option 2+B+Y: UE transmits UL WUS to Cell A, obtains the UL WUS configuration from Cell A, and receives on-demand SIB1 from NES Cell)
 In the case 3, the on-demand SIB1 related procedure for the NES Cell is completed between the UE and the Cell A. It is necessary to define inter-cell coordination signalling between the Cell A and the NES cell. However, from the physical layer signalling perspective, it could minimize the specification effort from RAN1 perspective.
 However, this case relies necessary signalling for the NES Cell on Cell A Tx/Rx, so the system-wise NES gain is questionable. Therefore, the energy efficiency of the case 3 should be evaluated with consideration of the NES gains by both Cell A and NES Cell. 

Observation 3: NES gain of the Case 3 (Option 2+B+Y) should be validated by the system-wise NES gain, which includes both Cell A and NES Cell.

Thus, as it is expected that the case 2 can cover more general scenarios than other cases while assuring NES gain by adopting on-demand SIB1 framework, case 2 should be prioritized for further study. Regarding other cases, feasibility and NES gain should be further studied as it may make the operation simple in some scenarios.

Proposal 1: RAN1 to study at least case 2 for the overall procedure of on-demand SIB1 as a baseline.


UE identification of NES Cell
Related with the discussion above, RAN1 has been discussing how the UE identifies the NES Cell. In RAN1#116bis meeting, RAN1 has reached the following agreement:

------
Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell
------

Regarding the above agreement, “WUS” in option 1 is UL WUS, so it should be firstly clarified accordingly. In addition, the terminology of “UE identification of NES cell” is not clear. In our understanding, it refers to the procedure that a UE distinguish an NES Cell from a non-NES Cell. Based on the update and the clarification, applicability of these options depends on the Cases discussed above.

Case 1: As the overall procedure is conducted with the NES Cell, Option 2 is at least necessary. However, as the available number of bits in MIB is limited, as a supplemental scheme to provide additional information, UL WUS configuration from NES Cell may be utilized. Necessity and detail of UL WUS configuration to complement the UE identification should be clarified further.
Case 2: Both options could be applicable. However, UE identification by UL WUS configuration is preferable because as the UL WUS configuration can be provided from the Cell A before the UE starts idle mode measurement for NES Cell frequency.
Case 3: Both options could be applicable. In this case, UL WUS configuration can indicate candidate NES Cells to camp on e.g., by providing corresponding idle mode measurement configuration as on-demand SIB1. As an alternative method, the UE may identify the NES Cell via MIB indication. Similar to Case 1, in that case, supplemental information can be provided by UL WUS configuration.

Proposal 2: 
The agreement in RAN1#116bis below should be further clarified as
Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By UL WUS configuration
· Option 2: By PBCH payload of NES cell

Observation 4:
“UE identification of NES Cell” refers to the procedure that a UE distinguish an NES Cell from non-NES Cells.
Observation 5:
For Case 1 (Option 1+A+X), UE identifies the NES Cell by PBCH payload of NES cell. As a supplemental scheme to further provide information about the NES Cell, UL WUS configuration may be utilized.
Observation 6:
For Case 2 (Option 1+B+X), it is preferable that UE identifies the NES Cell by UL WUS configuration.
Observation 7:
For Case 3 (Option 2+B+Y), UE identifies the NES Cell by either or both PBCH payload of NES Cell or/and UL WUS configuration.

Proposal 3:
RAN1 to further discuss applicable options for UE identification of NES cell for different overall procedures of the on-demand SIB1 transmission.

Cell area relationship between Cell A and NES Cell
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Figure 1. Cell area relationship between Cell A and NES Cell



 In RAN1#116bis discussion, companies showed different views on the assumption on the cell area relationship between Cell A and NES Cell as shown in the figure 1. Some companies proposed to assume fully-overlapping scenario to exclude the situation where coverage holes for UEs appears due to NES operation at NES Cell. 
 Since it is not expected that there is difference in specification impact in these scenarios, it is preferable to assume more stable deployment assumption. In this sense, fully overlapping scenario can be assumed as a baseline for further discussion.
[bookmark: _Hlk165482019] One potential thing to further discuss for non-overlapping scenario could be provision timing of UL WUS configuration. As the discussion of UL WUS trigger condition was agreed as up to RAN2, it is not necessary to discuss in RAN1 further.

Proposal 4:
RAN1 to focus on the deployment scenario where Cell A and NES Cell are fully overlapping, as a baseline.


2.2 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 5: RAN1 to specify UL WUS transmission configuration that can avoid excessive signalling.
Proposal 6: For UL WUS transmission based on PRACH, at least TPC should be applied in the same manner as the legacy PRACH transmission.

2.3 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 7: 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:

Observation 1: Case 1 (Option 1+A+X) needs further study about specification impact and overall procedure to confirm the feasibility.
Observation 2: Case 2 (Option 1+B+X) can cover broad scenarios.
Observation 3: NES gain of the Case 3 (Option 2+B+Y) should be validated by the system-wise NES gain, which includes both Cell A and NES Cell.
Proposal 1: RAN1 to study at least case 2 for the overall procedure of on-demand SIB1 as a baseline.
Proposal 2: 
The agreement in RAN1#116bis below should be further clarified as
Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By UL WUS configuration
· Option 2: By PBCH payload of NES cell

Observation 4:
“UE identification of NES Cell” refers to the procedure that a UE distinguish an NES Cell from non-NES Cells.
Observation 5:
For Case 1 (Option 1+A+X), UE identifies the NES Cell by PBCH payload of NES cell. As a supplemental scheme to further provide information about the NES Cell, UL WUS configuration may be utilized.
Observation 6:
For Case 2 (Option 1+B+X), it is preferable that UE identifies the NES Cell by UL WUS configuration.
Observation 7:
For Case 3 (Option 2+B+Y), UE identifies the NES Cell by either or both PBCH payload of NES Cell or/and UL WUS configuration.
Proposal 3:
RAN1 to further discuss applicable options for UE identification of NES cell for different overall procedures of the on-demand SIB1 transmission.
Proposal 4:
RAN1 to focus on the deployment scenario where Cell A and NES Cell are fully overlapping, as a baseline.
Proposal 5: RAN1 to specify UL WUS transmission configuration that can avoid excessive signalling.
Proposal 6: For UL WUS transmission based on PRACH, at least TPC should be applied in the same manner as the legacy PRACH transmission.
Proposal 7: Window based transmission scheme should be studied for on-demand SIB1 transmission.
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Appendix: RAN1#116 and RAN1#116bis agreements related with UL-WUS and on-demand SIB1 procedures

Agreements in RAN1#116

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.

Agreements in RAN1#116bis

Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]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
· [bookmark: OLE_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A
Agreement
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell

Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell

Agreement
[bookmark: OLE_LINK28][bookmark: OLE_LINK24]Companies to report at least the following key settings used in the evaluation/simulation of achievable NES gain with on-demand SIB1 in idle/inactive mode
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E: PRACH configurations (including PRACH configuration index in 38.211 Table 6.3.3.2-3) for WUS and initial/random access
· Setting F: Cat1/Cat2 BS
· Setting G: Number of SSB beams
· Setting H: NES gain/loss on Cell A
· Further discuss in RAN1#116bis on the evaluation assumptions for Cell A
· Setting I: On-demand SIB1 transmission rate (how often UE requests on-demand SIB1)

Agreement
For further study of the NES gain/loss evaluation assumption on Cell A with on-demand SIB1 on NES cell for idle/inactive mode UE,
· Assume the following for network energy evaluation of Cell A in FR1:
· Company to report among empty/low/medium cell load as defined in 38.864
· Same Cat BS as the Non-NES cell
· 30kHz SCS, DDDSU TDD pattern
·  Same SSB period as the Non-NES cell and company to report SIB1 period
· Same number of SSBs in a SSB burst as the Non-NES cell with SSB pattern case C
· 20ms PRACH configuration periodicity for WUS and/or initial access RACH and company to report RACH configuration index in 38.211 Table 6.3.3.2-3
· Same SSB/CORESET0 multiplexing pattern and same SIB1 PDSCH time domain resource allocation as the Non-NES cell
· Same traffic model as the Non-NES cell
· Companies to report the assumption of WUS configuration provision or UL WUS monitoring or on-demand SIB1 transmission on Cell A if Case 2 (Option 1+B+X) or Case 3 (Option 2+B+Y) is considered

Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure
Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions
Agreement
Conditions for triggering UL WUS transmission is up to RAN2. Any related work in RAN1 to be triggered by RAN2 LS. Send an LS to RAN2.

image1.png
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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Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RANI1 focuses its studies on the following cases:<
e (Case 1: Option 1+A+X ¢
e (Case 2: Option 1+B+X«
e (Case 3: Option 2+B+Y«
Where the options 1/2/A/B/X/Y are defined below:<
e  On target cell of UL WUS transmission:<
o Option 1: UE transmits UL WUS to NES Cell¢
o Option 2: UE transmits UL WUS to Cell A<
e  On configuration provision for UL WUS transmission¢
o Option A: UE obtains the UL WUS configuration from NES Cell¢
o Option B: UE obtains the UL WUS configuration from Cell A <
e  On receiving of SIB1 ¢
o Option X: UE receives on-demand SIB1 from NES Cell <
o Option Y: UE receives on-demand SIB1 from Cell A<
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