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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk157162541][bookmark: _Ref129681832]For the Work Item on Enhancements of Network Energy Savings for NR [1], it includes the following objective:
2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
0. Triggering method by uplink wake-up-signal using an existing signal/channel.
0. Wake-up-signal configuration provisioning to UE 
1. Note: No modification of SSB will be discussed under this objective
0. Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
0. Checkpoint for normative work in RAN#105
[bookmark: _Hlk157162727]In this contribution, this study objective of on-demand SIB1 for idle/inactive mode UEs will be analyzed, and our views will be provided, based on the following agreements from the previous meeting:
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
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 further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· [bookmark: OLE_LINK185][bookmark: OLE_LINK188]Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· [bookmark: OLE_LINK189]Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
[bookmark: OLE_LINK186]Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used

[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

[bookmark: _Hlk99709641]Discussion
In this section, we will provide discussions on the basic setup of the deployment scenarios, analyze the feasibility of some of the potential operations, and summarize the possible directions for enhancements. Since the study requires the current SSB design to be unchanged, some of the existing specifications, mainly for PBCH/MIB/idle/inactive design which are relevant to the current SSB based operations, are provided for information in Appendix.
Deployment scenarios
The first stage for the study should be to clarify and align the deployment scenarios for potential enhancements. 
Consider at least two cells in the network, called Cell A and NES Cell.
Cell A
Cell A periodically transmits at least its own legacy SSB and SIBs (including SIB1), and operates according to legacy specifications without the NES feature of turning off its SSB and/or SIBs. Therefore, Cell A can be used for initial access for legacy / new UEs. 
Cell A may provide wake-up signal (WUS) configuration or assistance (such as timing) to UEs for accessing other cells (e.g., NES Cell). 
NES Cell 
NES Cell may transmit SIB1 transmission in response to UL WUS from a UE. It does not transmit at least the legacy periodic SIBs, including SIB1. In other words, NES Cell can turn off its SIBs, for, e.g., NES purposes. NES Cell cannot be used for initial access for legacy UEs. 
Relationship between Cell A and NES Cell
Cell A and NES Cell can be collocated and share certain components, and they may be intra-band CA carriers or inter-band CA carriers, or they can be non-collocated as neighbor cells.
They may share certain properties, such as the same timing, same large-scale fading, etc., or not share common properties.
The potential enhancements can be different based on different relationships between Cell A and NES Cell.

SSB transmission on NES Cell
An initial question to address is whether / how SSB is transmitted on NES Cell.
Q1: Whether / how SSB is transmitted on NES Cell?
There are a couple of possible cases, and we need to discuss if there is any backward compatibility issue.
NES Cell SSB is still transmitted periodically when its SIB1 is turned off
NES Cell SSB is always-on, regardless of NES Cell SIB1 on/off status. 
For legacy UE in idle/inactive mode, if it monitors NES Cell SSB but it will not be able to find associated SIB1, to avoid backward compatibility issue, NES Cell has to be properly configured. 
For most legacy UEs, when finding the cell is ‘barred’, they will perform cell reselection.
For legacy RedCap UEs, when finding the cell is ‘barred’, they will check the field ssb-SubcarrierOffset. If the field indicates no SIB1, it will continue to read the field pdcch-ConfigSIB1, based on which it may find information for a cell defining (CD) SSB, implying that the current SSB is a non-cell defining (NCD) SSB, or it may not find information for CD SSB, implying that the current frequency range does not provide SIB1 for the SSB. No issue will be encountered.
For Rel-18 UEs capable of NES cell DTX/DRX, when finding the cell is ‘barred’, they will apply the information from the fields ssb-SubcarrierOffset and pdcch-ConfigSIB1 to acquire SIB1. If the fields indicate the presence of SIB1 but they cannot find SIB1, this could be an issue. To prevent the issue, the field ssb-SubcarrierOffset should indicate the absence of SIB1. 
Thus, NES Cell can be configured as a barred cell with the field ssb-SubcarrierOffset indicating the absence of SIB1, so that legacy UEs will not experience issues due to the missing SIB for the SSB. There could be other configurations to prevent backward compatibility issue, and more study can be carried out. 
For Rel-19 UE supporting on-demand SIB1 feature in idle/inactive/connected mode, they can ignore the field cellBarred and the absence of SIB1 indication from the field ssb-SubcarrierOffset. There seems to be no issue with only receiving SSB, and new designs can be provided for on-demand SIB transmission.
NES Cell SSB is not transmitted when its SIB1 is turned off
NES Cell SSB is turned on or off at the same time and in the same way as NES Cell SIB1 is turned on or off. In other words, NES Cell SSB and SIB1 are not always on, and they can be transmitted in an on-demand fashion.

Note on the validity of this scenario: In the previous meeting, some companies seem to believe that this scenario should not be considered under this objective. If this is a common understanding, we suggest capturing this as a conclusion or agreement so that all companies’ understandings can be well aligned. However, before such a conclusion or agreement is reached, we think it is still needed to include this scenario in the discussions to avoid missing some critical directions/components in the study/design. Specifically, we want to point out that the following agreement in the objective of on-demand SSB was achieved:
Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 
Therefore, it is still possible as of now that a cell may have no always-on SSB, and that affects not only connected UEs but also inactive/idle UEs, unless such a cell allows no UEs to camp under it or preform initial access with it at all, which seems a bit too restrictive. It does not seem very reasonable that a UE expects always-on SSB during inactive/idle state from a NES Cell but does not expect always-on SSB during connected state. We propose that RAN1 clarifies this as a fundamental assumption for this objective.
Some detailed analysis follow.
The turning-off can be done when the network determines all connected UEs (if any) are compatible with this feature. There will not be backward compatibility issue for such UEs. Detailed discussions for turning-off SSB are provided in a companion contribution [2].
Inactive UEs and idle UEs not supporting this feature may wake up to look for the SSB for synchronization and subsequent operations such as paging, but they could not find the SSB. This prevents them from paging or performing RACH. These UE will perform a cell reselection which is an existing behavior. This may cause some delay and complexity, but it seems there will not be critical issues for such UEs. 
Inactive UEs and idle UEs camped under this cell and supporting this feature may be relying on NES Cell SSB for its synchronization, paging, etc. These UEs know that NES Cell SSB can be turned off, and they can use the new designs from this WI (e.g., using WUS to request on-demand SSB and SIB from NES Cell) to ensure proper operations.
Though legacy UEs may camp under NES Cell and may also be connected to NES Cell when the SSB/SIB are transmitted, it may limit NES Cell’s flexibility to turn off its SSB/SIB. For this reason, NES Cell may prevent legacy UEs from camping or connecting to it, via its MIB by configuring the cell as barred or SIB1 absent using MIB fields cellBarred and/or ssb-SubcarrierOffset. However, this may not be strictly necessary and can be left for network implementation.
Thus, both cases can be feasible and will not lead to backward compatibility issue with proper configuration / enhancements.
Proposal 1: For potential enhancements of on-demand SIB1 of NES Cell for UEs in idle/inactive mode, consider at least the following two scenarios for the cell’s SSB:
NES Cell’s SSB is always on (transmitted periodically regardless of its SIB1 on/off status).
This cell’s MIB may be configured to indicate the cell as barred and/or SIB1 absent to avoid backward compatibility issue. 
NES Cell does not transmit always-on SSB and transmits on-demand SSB and SIB1, and one of SSB/SIB1 is transmitted only when the other is transmitted.
Clarify if this scenario should be assumed or not, while taking into account of outcomes from the objective of “On-demand SSB SCell operation”.

WUS configuration for NES Cell
The next question to address is which cell, Cell A or NES Cell, provides the WUS configuration for NES Cell.
Q2: Which cell can provide WUS configuration to UEs for NES Cell?
We can analyze both cases.
[bookmark: _Hlk158050024]WUS configuration is provided by Cell A
If the UE is idle and camped under Cell A, it may read Cell A’s SIB broadcast to all UEs which may include WUS configuration information for NES Cell.
If the UE is inactive and stores information received from Cell A when it was connected to Cell A, the WUS configuration information for NES Cell may be included in some configuration information, and in this case, the UE does not have to (though it may be beneficial to do so at certain times) monitor Cell A SIB for the WUS configuration information for NES Cell.
If the UE is inactive and does not store WUS configuration information for NES Cell, it may read Cell A’s SIB broadcast to all UEs which may include WUS configuration information for NES Cell.
Consequently, NES Cell does not have to periodically broadcast WUS configuration information for itself. Hence, NES Cell SIB can operate on a purely on-demand basis, and when NES Cell SIB is transmitted, it can also carrier WUS configuration information for itself. NES Cell can also send / update its connected UEs with WUS configuration information for itself.
WUS configuration is provided by NES Cell
If the UE is inactive and stores information received from NES Cell when it was connected to NES Cell, the WUS configuration information for NES Cell may be included in some configuration information, and NES Cell may or may not need to use its SIB (when SIB is transmitted) to broadcast the WUS configuration information for NES Cell.
Otherwise, the UE is inactive or idle, it may read NES Cell’s SIB when it is transmitted (which can be intermittent). The SIB may include the WUS configuration information for NES Cell. However, the WUS configuration information transmission cannot be purely on-demand based, otherwise the UE may not be able to receive the WUS configuration information and hence cannot be camped under this cell at all. Thus, the WUS configuration information transmission should be at least periodic. To enable more energy saving, NES Cell can configure long periodicity for SIB as well as on-demand SIB, and SIB carries WUS configuration information.
Both options can work, so we suggest to keep both options for now but have a potential down-selection between them when jointly considering them with some assumptions.
Proposal 2: For potential enhancements of on-demand SIB1 of NES Cell for UEs in idle/inactive mode, consider at least the following two options for the WUS configuration:
Option A: WUS configuration for NES Cell may be provided by the same cell:
In NES Cell’s broadcast SIB (with long periodicity) or other configuration signaling when the UE was connected to the cell.
Option B: WUS configuration for NES Cell may be provided by Cell A:
In Cell A’s broadcast SIB or other configuration signaling when the UE was connected to Cell A.

WUS transmission reference and target cell
We now discuss WUS transmission. There are two key and related aspects:
WUS transmission reference
By WUS transmission reference, we refer to the DL synchronization, time/frequency reference points for WUS resources, DL RS for PL estimate used in WUS power control, etc. Generally, the reference is based on SSB, at least for idle/inactive UEs. Then we need to ask which cell’s SSB, NES Cell’s or Cell A’s SSB, should be used as the WUS transmission reference.
WUS transmission target cell
We also need to clarify to which cell, Cell A or NES Cell, the WUS from the UE for NES Cell is transmitted.
Q3: Which cell’s SSB provides the reference for the WUS transmission, and to which cell the WUS for NES Cell is transmitted?
The WUS transmission reference is NES Cell SSB, and target is also NES Cell
If the WUS is transmitted to NES Cell and NES Cell SSB is always on, the UE can acquire DL synchronization and PL estimate from NES Cell SSB, and the WUS transmission opportunities are relative to NES Cell SSB location in time-frequency domain.
Note that it is infeasible to use NES Cell SSB as WUS transmission reference if NES Cell SSB operates only as on-demand SSB. The UE may not be able to find the on-demand SSB and may not be able to acquire sufficiently accurate synchronization for its WUS transmission. Thus, NES Cell SSB should be always on to be the WUS transmission reference.
The WUS transmission to NES Cell is only needed when NES Cell SIB is not being transmitted. So if NES Cell SIB operates purely as on-demand SIB, or NES Cell SIB transmission is configured with long periodicity, WUS transmission can be allowed.

The WUS transmission reference is Cell A SSB, and target is also Cell A
Cell A SSB is always on, so if needed, it can act as WUS transmission reference. If the WUS is to be transmitted to Cell A, the UE can acquire DL synchronization and PL estimate from Cell A SSB, and the WUS transmission opportunities are relative to Cell A SSB location in time-frequency domain.
In this case, NES Cell SSB should not be always on (to save energy, as it is not used in WUS transmission), otherwise it makes more sense to utilize NES Cell SSB. NES Cell SSB should be transmitted only in an on-demand fashion to reduce energy consumption.

The WUS transmission reference is Cell A SSB, and target is NES Cell
If the WUS is to be transmitted to NES Cell and NES Cell SSB is not always on (i.e., supporting only on-demand transmission), the UE cannot acquire DL synchronization and PL estimate directly from NES Cell. It may acquire DL synchronization and time/frequency reference points from Cell A SSB, if both cells are synchronized / coordinated. The PL estimate based on Cell A SSB may not be exact for WUS transmission toward NES Cell. However, this can still be overcome via network implementation or some standards support, such as starting the WUS transmission with relatively low power but ramping up the power if needed. In this case, WUS transmission toward NES Cell may still be feasible, though it is more involved than other cases. 

Proposal 3: For potential enhancements of on-demand SIB1 for UEs in idle/inactive mode, consider at least the following options for the WUS transmission reference and target cell:
Option 1: WUS transmission target cell is NES Cell.
Option 1-1: The WUS transmission reference is NES Cell’s SSB, if NES Cell’s SSB is always on.
Option 1-2: The WUS transmission reference is Cell A’s SSB, if Cell A and NES Cell are synchronized and NES Cell SSB is only on-demand and not always on.
Option 2: WUS transmission target cell is Cell A.
The WUS transmission reference is Cell A’s SSB. 
The SSB of NES Cell is not always on.

Summary of scenarios
There can be a variety of scenarios for potential on-demand SIB1 enhancements. These scenarios and associated operations are summarized below.
Table 1 Some scenarios with on-demand SIB1 
	Scenario
	NES Cell SSB
	NES Cell SIB
	WUS cfg
	WUS ref
	WUS rx

	1 (standalone NES Cell)
	Always on
	Long period + on-demand
	NES Cell SIB
	NES Cell SSB
	NES Cell (if SIB stops)

	2 (Cell A assisting WUS cfg)
	Always on
	On-demand
	Cell A SIB
	NES Cell SSB
	NES Cell

	3 (Cell A assisting WUS cfg/ref/rx)
	On-demand
	Cell A SIB
	Cell A SSB
	Cell A [NES Cell, if sync]



More detailed descriptions follow.
Scenario 1: Single-cell scenario (standalone NES; without an assisting cell, or optionally with an assisting cell)
NES Cell is a standalone cell for Rel-19 UEs and can provide all essential functions, including transmitting WUS configuration and receiving WUS transmission. NES Cell always transmits SSB, i.e., SSB is always on, such as with the legacy periodicity of 20 ms. NES Cell does not always transmit SIB1 or WUS configuration when SSB is transmitted; instead, SIB1 can be transmitted with much longer periodicity than SSB and can also be triggered by WUS. For example, SIB1 and WUS configuration are broadcast with 1280 ms periodicity to reduce energy consumption, and in addition, SIB1 can be sent on-demand per request from UE WUS.
When SIB1 and other SIBs are transmitted, WUS configuration for NES Cell is included. NES Cell always monitors potential WUS transmissions on its configured WUS transmission opportunities. WUS transmission opportunity is only configured on the time-domain resources when NES Cell SIB is not transmitting, e.g., within a duration between consecutive periodic SIB1 bursts occurring with long periodicity.
Rel-19 UE receives and stores NES Cell’s SI and WUS configuration information acquired from SIBs (for idle/inactive/connected UEs), and optionally from other RRC configuration signaling (only for connected UEs). When needed, the UE transmits WUS to this NES Cell based on this cell’s SSB. NES Cell receives the WUS and then performs on-demand SIB1 transmission. In general, the WUS configuration validity duration should be (much) longer than SIB1 validity duration.
Optionally, an assisting cell, Cell A, provides WUS configuration information for NES Cell, in Cell A’s SIBs or other configuration information.
NES Cell is configured as inaccessible by legacy UE, by configuring the cell’s MIB as barred and/or SIB1 absent.
Scenario 2: Multi-cell scenario with limited essential assistance from an assisting cell
NES Cell is a non-standalone cell for Rel-19 UEs and relies on Cell A to broadcast WUS configuration for NES Cell. NES Cell transmits always-on SSB, and also transmits SIB1/SIBs/WUS configuration on an on-demand basis, but does not configure periodic SIB1/SIBs/WUS configuration transmission. NES Cell monitors WUS, and when detected, it transmits SIB1/SIBs/WUS configuration.
When SIB1 and other SIBs are transmitted, WUS configuration for NES Cell is included, but since the transmission is on-demand, most UEs may not receive it. Hence an assisting cell, Cell A is needed to periodically broadcast WUS configuration information for NES Cell. WUS is configured to be based on NES Cell SSB and is monitored by NES Cell.
Rel-19 UE receives and stores WUS configuration information for NES Cell from Cell A.  The UE monitors NES Cell SSB. When needed, the UE transmits WUS to NES Cell based on NES Cell SSB. NES Cell then performs on-demand SIB1 and other SIBs transmissions and UE receives the transmissions. 
NES Cell is configured as inaccessible by legacy UE, by configuring the cell’s MIB as barred or SIB1 absent.
Scenario 3: Multi-cell scenario with full assistance from an assisting cell
NES Cell is a non-standalone cell for Rel-19 UEs and its SSB/SIB1 transmissions are only on an on-demand basis. It relies on Cell A for (almost) all WUS-related operations. NES Cell can save more energy in this scenario than in the other scenarios.
When SSB, SIB1, and other SIBs are transmitted by NES Cell, WUS configuration for NES Cell is included; however, as these transmissions are only on an on-demand basis, most UEs cannot receive them. For this reason, NES Cell SSB cannot be used as WUS reference. 
WUS configuration for NES Cell is broadcast by an assisting cell, Cell A, which does not turn off its SSB / SIB1 / SIBs transmission, and the WUS configuration can be included in SIB1 or other SIBs. WUS transmission reference and target are also Cell A. Cell A monitors potential WUS transmissions for NES Cell on the configured WUS transmission opportunities.
Rel-19 UE receives and stores SI and WUS configuration information for NES Cell from Cell A. When needed, the UE transmits WUS based on Cell A SSB. 
Cell A then receives the WUS for NES Cell and informs NES Cell. NES Cell then performs on-demand SSB and SIB1 transmission.
Alternatively, if Cell A and NES Cell are synchronized and coordinated, NES Cell can monitor and receive WUS transmission. This way, NES Cell can start on-demand SSB and SIB1 transmission without waiting for backhaul signaling from Cell A.
The cell may be configured as inaccessible by legacy UE.

Proposal 4: Consider the following potential scenarios and enhancements of NES Cell with on-demand SIB1 for UEs in idle/inactive mode:
Scenario 1: NES Cell can be standalone, by transmitting always-on SSB and long-periodicity SIB1/WUS configuration and monitoring the configured WUS transmission opportunities. WUS transmission is based on NES Cell’s SSB. NES Cell transmits on-demand SIB1 if it detects WUS. 
Scenario 2: NES Cell transmits always-on SSB and transmits on-demand SIB1 if it detects WUS. WUS transmission is based on NES Cell’s SSB. WUS configuration is transmitted by Cell A in Cell A’s SIBs.
Scenario 3: NES Cell transmits on-demand SSB / SIB1 if a UE transmits WUS for this cell. WUS configuration is transmitted by Cell A in Cell A’s SIBs, and WUS transmission is based on Cell A’s SSB. WUS is monitored by Cell A only or by both cells if both cells are synchronized.

WUS design
Regarding UL WUS design, since the UE is in idle/inactive mode, it is reasonable to use PRACH preamble as the starting point, and WUS should be allowed only on specific time/frequency-domain resources and with specific sequences, since the network has to monitor all possible WUS time/frequency-domain resources and sequences. 
A subsequent key question is whether / how the WUS resources are multiplexed with other resources, especially regular PRACH resources used for initial access and other activities. That is, should a WUS transmission be distinguished from a non-WUS, regular PRACH transmission? There can be different options:
WUS is indistinguishable from non-WUS PRACH transmissions
In this case, generally the network will reply with RAR (i.e., Message 2) to allocate UL assignments for follow-up transmissions by the UE. However, this seems unnecessary for WUS to trigger SIB1 transmission, and the UE may not be able to receive RAR since it has not received all necessary system information.
WUS is distinguishable from non-WUS PRACH transmissions
In this case, rather than the network replying with RAR, the network responds with either on-demand SIB1 or a confirmation plus on-demand SIB1. The UE does not have to monitor RAR and does not have to send another UL, and the entire WUS-based procedure is completed after the UE receives SIB1. Therefore, this is the preferred option.
To separate WUS from non-WUS PRACH transmissions, WUS can be assigned with dedicated time-domain resources, frequency-domain resources, and/or with specific sequences (such as based on a partition of PRACH preambles).
Proposal 5: WUS design is based on PRACH preamble with dedicated time, frequency, and/or sequence resources.

WUS triggering conditions
Many of idle/inactive UE behaviors are generally specified by higher layers, such as cell reselection, camping, establishing RRC connections, etc. For this reason, RAN1 may not have to specify the details of WUS triggering conditions other than setting a criterion to prevent a UE sending WUS too often to keep waking up NES Cell. Thus, we propose that WUS should be triggered only once during the process to camp under NES Cell, or to establish RRC connection to NES Cell, or to monitor NES Cell as a neighbor cell / candidate cell, or to complete the cell (re-)selection involving NES Cell. A timer may also be introduced so that no more than N WUS can be sent during a time period of M seconds.
Proposal 6: WUS transmission should be triggered only once during each of the following:
To camp under NES Cell
To establish RRC connection to NES Cell
To monitor NES Cell as a neighbor cell / candidate cell
To complete the cell (re-)selection involving NES Cell
A certain time duration.

WUS response
After gNB receives a WUS transmission from a UE, there are a couple of alternatives that it may respond to the WUS transmission. For one, the gNB may send a feedback message to confirm that SIB1 will be transmitted, and some information about the SIB1 resources can be provided, such as information about PDCCH and PDSCH carrying the SIB1, based on which the UE can find the SIB1. Alternatively, the gNB may not send a feedback message for confirmation, but just starts to transmit SIB1 according to predetermined schedule, such as sending the PDCCH for SIB1 within a certain time window starting from the WUS transmission, or turning on the SIB1 transmission based on existing legacy SIB1 transmission schedule based on the NES Cell’s SSB. It seems that the WUS response is not strictly necessary or useful. If the WUS transmission does not get through and the UE does not receive either the WUS response or the SIB1, the UE will perform a retransmission of WUS anyway. So it is preferable not to send any WUS response other than the requested SIB1 transmission.
Proposal 7: NES Cell responds to a WUS transmission with one of the following:
SIB1 transmission according to legacy SIB1 transmission schedule based on NES Cell SSB.
SIB1 transmission within a time window of the WUS transmission.

WUS configuration validity area
Several options have been considered for WUS configuration validity area, with different pros and cons:
Option 1: Pre-defined UL WUS configuration
This option would reduce the signaling overhead and latency, but it significantly lacks flexibility and is not preferred.
Option 2: UL WUS configuration that applies to multiple NES cells 
This option can provide a good tradeoff between signaling overhead, latency, complexity, and flexibility. Cell A can carry one WUS configuration applicable to multiple NES Cells in a WUS configuration validity area, and different areas can have different WUS configurations. 
Option 3: UL WUS configuration that applies to a single NES cell
This option may result in higher complexity than other options. For example, if in an area there are several NES Cells, then each Cell A in this area may have to provide several different WUS configurations associated with the several NES Cells. UE will need to receive several WUS configurations and then select one, or will need to send more specific request for a particular NES Cell’s WUS configuration. This option is not preferred.

Proposal 8: Support UL WUS configuration that applies to multiple NES Cells.

Conclusions
In this contribution, we present our views on on-demand SIB1 for idle/inactive mode UEs. We have the following proposals.
Proposal 1: For potential enhancements of on-demand SIB1 of NES Cell for UEs in idle/inactive mode, consider at least the following two scenarios for the cell’s SSB:
NES Cell’s SSB is always on (transmitted periodically regardless of its SIB1 on/off status).
This cell’s MIB may be configured to indicate the cell as barred and/or SIB1 absent to avoid backward compatibility issue. 
NES Cell does not transmit always-on SSB and transmits on-demand SSB and SIB1, and one of SSB/SIB1 is transmitted only when the other is transmitted.
Clarify if this scenario should be assumed or not, while taking into account of outcomes from the objective of “On-demand SSB SCell operation”.
Proposal 2: For potential enhancements of on-demand SIB1 of NES Cell for UEs in idle/inactive mode, consider at least the following two options for the WUS configuration:
Option A: WUS configuration for NES Cell may be provided by the same cell:
In NES Cell’s broadcast SIB (with long periodicity) or other configuration signaling when the UE was connected to the cell.
Option B: WUS configuration for NES Cell may be provided by Cell A:
In Cell A’s broadcast SIB or other configuration signaling when the UE was connected to Cell A.
Proposal 3: For potential enhancements of on-demand SIB1 for UEs in idle/inactive mode, consider at least the following options for the WUS transmission reference and target cell:
Option 1: WUS transmission target cell is NES Cell.
Option 1-1: The WUS transmission reference is NES Cell’s SSB, if NES Cell’s SSB is always on.
Option 1-2: The WUS transmission reference is Cell A’s SSB, if Cell A and NES Cell are synchronized and NES Cell SSB is only on-demand and not always on.
Option 2: WUS transmission target cell is Cell A.
The WUS transmission reference is Cell A’s SSB. 
The SSB of NES Cell is not always on.
Proposal 4: Consider the following potential scenarios and enhancements of NES Cell with on-demand SIB1 for UEs in idle/inactive mode:
Scenario 1: NES Cell can be standalone, by transmitting always-on SSB and long-periodicity SIB1/WUS configuration and monitoring the configured WUS transmission opportunities. WUS transmission is based on NES Cell’s SSB. NES Cell transmits on-demand SIB1 if it detects WUS. 
Scenario 2: NES Cell transmits always-on SSB and transmits on-demand SIB1 if it detects WUS. WUS transmission is based on NES Cell’s SSB. WUS configuration is transmitted by Cell A in Cell A’s SIBs.
Scenario 3: NES Cell transmits on-demand SSB / SIB1 if a UE transmits WUS for this cell. WUS configuration is transmitted by Cell A in Cell A’s SIBs, and WUS transmission is based on Cell A’s SSB. WUS is monitored by Cell A only or by both cells if both cells are synchronized.

Proposal 5: WUS design is based on PRACH preamble with dedicated time, frequency, and/or sequence resources.
Proposal 6: WUS transmission should be triggered only once during each of the following:
To camp under NES Cell
To establish RRC connection to NES Cell
To monitor NES Cell as a neighbor cell / candidate cell
To complete the cell (re-)selection involving NES Cell
A certain time duration.

Proposal 7: NES Cell responds to a WUS transmission with one of the following:
SIB1 transmission according to legacy SIB1 transmission schedule based on NES Cell SSB.
SIB1 transmission within a time window of the WUS transmission.

Proposal 8: Support UL WUS configuration that applies to multiple NES Cells.
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Appendix: PBCH / MIB / Idle / Inactive designs in the specifications
Since the WID specifies that “Note: No modification of SSB will be discussed under this objective”, the existing MIB cannot be modified and hence it is useful to understand the restrictions imposed on existing MIB contents and related behaviors, mostly idle and inactive mode UE behaviors.
TS 38.331:
[bookmark: _Toc60776718][bookmark: _Toc156129639]5.2.2.4.1	Actions upon reception of the MIB
Upon receiving the MIB the UE shall:
1>	store the acquired MIB;
1>	if the UE is in RRC_IDLE or in RRC_INACTIVE, or if the UE is in RRC_CONNECTED while T311 is running:
[bookmark: _Hlk153705162]2>	if the access is not for NTN or the UE is not capable of NTN or the UE is not capable of NES cell DTX/DRX; and
2>	if the access is not for ATG or the UE is not capable of ATG; and
2>	if the cellBarred in the acquired MIB is set to barred:
3>	if the UE is an (e)RedCap UE and ssb-SubcarrierOffset indicates SIB1 is transmitted in the cell (TS 38.213 [13]):
4>	acquire the SIB1, which is scheduled as specified in TS 38.213 [13];
3>	consider the cell as barred in accordance with TS 38.304 [20];
3>	perform cell re-selection to other cells on the same frequency as the barred cell as specified in TS 38.304 [20];
2>	else:
3>	apply the received systemFrameNumber, pdcch-ConfigSIB1, subCarrierSpacingCommon, ssb-SubcarrierOffset and dmrs-TypeA-Position.
NOTE 1:	A UE capable of NTN access should acquire SIB1 to determine whether the cell is an NTN cell.
[bookmark: _Hlk153705184]NOTE 2:	A UE capable of ATG access should acquire SIB1 to determine whether the cell is an ATG cell.
NOTE 3:	A UE capable of NES cell DTX/DRX should acquire SIB1 to determine the NES Cellarring status when the cellBarred in MIB is set to barred.

[bookmark: _Toc60777102][bookmark: _Toc156130225]–	MIB
The MIB includes the system information transmitted on BCH.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channel: BCCH
Direction: Network to UE
MIB
-- ASN1START
-- TAG-MIB-START

MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

-- TAG-MIB-STOP
-- ASN1STOP

	MIB field descriptions

	cellBarred
Value barred means that the cell is barred, as defined in TS 38.304 [20]. This field is ignored by IAB-MT and NCR-MT. This field is ignored for connectivity to NTN or ATG.

	dmrs-TypeA-Position
Position of (first) DM-RS for downlink (see TS 38.211 [16], clause 7.4.1.1.2) and uplink (see TS 38.211 [16], clause 6.4.1.1.3).

	intraFreqReselection
Controls cell selection/reselection to intra-frequency cells when the highest ranked cell is barred, or treated as barred by the UE, as specified in TS 38.304 [20]. This field is ignored by IAB-MT and NCR-MT.

	pdcch-ConfigSIB1
Determines a common ControlResourceSet (CORESET), a common search space and necessary PDCCH parameters. If the field ssb-SubcarrierOffset indicates that SIB1 is absent, the field pdcch-ConfigSIB1 indicates the frequency positions where the UE may find SS/PBCH block with SIB1 or the frequency range where the network does not provide SS/PBCH block with SIB1 (see TS 38.213 [13], clause 13).

	[bookmark: _Hlk158127997]ssb-SubcarrierOffset
Corresponds to kSSB (see TS 38.213 [13]), which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. (See TS 38.211 [16], clause 7.4.3.1). For operation with shared spectrum channel access in FR1 (see 37.213 [48]), this field corresponds to , and kSSB is obtained from  (see TS 38.211 [16], clause 7.4.3.1); the LSB of this field is used also for deriving the QCL relation between SS/PBCH blocks as specified in TS 38.213 [13], clause 4.1.
The value range of this field may be extended by an additional most significant bit encoded within PBCH as specified in TS 38.213 [13].
This field may indicate that this cell does not provide SIB1 and that there is hence no CORESET#0 configured in MIB (see TS 38.213 [13], clause 13). In this case, the field pdcch-ConfigSIB1 may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1 (see TS 38.213 [13], clause 13).

	subCarrierSpacingCommon
Subcarrier spacing for SIB1, Msg.2/4 and MsgB for initial access, paging and broadcast SI-messages. If the UE acquires this MIB on an FR1 carrier frequency, the value scs15or60 corresponds to 15 kHz and the value scs30or120 corresponds to 30 kHz. If the UE acquires this MIB on an FR2 carrier frequency, the value scs15or60 corresponds to 60 kHz and the value scs30or120 corresponds to 120 kHz. For operation with shared spectrum channel access in FR1 (see 37.213 [48]) and for operation in FR2-2, the subcarrier spacing for SIB1, Msg.2/4 and MsgB for initial access, paging and broadcast SI-messages is same as that for the corresponding SSB. For operation with shared spectrum channel access, this field instead is used for deriving the QCL relation between SS/PBCH blocks as specified in TS 38.213 [13], clause 4.1.

	systemFrameNumber
The 6 most significant bits (MSB) of the 10-bit System Frame Number (SFN). The 4 LSB of the SFN are conveyed in the PBCH transport block as part of channel coding (i.e. outside the MIB encoding), as defined in clause 7.1 in TS 38.212 [17].



[bookmark: _Toc60777125][bookmark: _Toc156130248]–	SIB1
SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. It also contains radio resource configuration information that is common for all UEs and barring information applied to the unified access control.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channels: BCCH
Direction: Network to UE
SIB1 message
…
SIB1-v1800-IEs ::=               SEQUENCE {
    ncr-Support-r18                  ENUMERATED {true}                                                  OPTIONAL,  -- Need S
    mt-SDT-ConfigCommonSIB-r18       MT-SDT-ConfigCommonSIB-r18                                         OPTIONAL,  -- Need R
    musim-CapRestrictionAllowed-r18  ENUMERATED {true}                                                  OPTIONAL,  -- Need R
    featurePriorities-v1800          SEQUENCE {
        msg1-Repetitions-Priority-r18    FeaturePriority-r17                                            OPTIONAL,  -- Need R
        eRedCapPriority-r18              FeaturePriority-r17                                            OPTIONAL   -- Need R
    }                                                                                                   OPTIONAL,  -- Need R
    si-SchedulingInfo-v1800          SI-SchedulingInfo-v1800                                            OPTIONAL,  -- Need R
    cellBarredATG-r18                ENUMERATED {barred, notBarred}                                     OPTIONAL,  -- Need S
    cellBarredNES-r18                ENUMERATED {notBarred}                                             OPTIONAL,  -- Need R
    mobileIAB-Cell-r18               ENUMERATED {true}                                                  OPTIONAL,  -- Need R
    eDRX-AllowedInactive-r18         ENUMERATED {true}                                                  OPTIONAL,  -- Cond EDRX-RC
    intraFreqReselection-eRedCap-r18 ENUMERATED {allowed, notAllowed}                                   OPTIONAL,  -- Need S
    nonServingCellMII-r18            ENUMERATED {true}                                                  OPTIONAL,  -- Need R
    nonCriticalExtension             SEQUENCE {}                                                        OPTIONAL
}
…
	SIB1 field descriptions

	cellBarredATG
Value barred means that the cell is barred for connectivity to ATG, as defined in TS 38.304 [20]. Value notBarred means that the cell is allowed for connectivity to ATG. If not present, the UE considers the cell is not allowed for connectivity to ATG, as defined in TS 38.304 [20]. This field is only applicable to ATG-capable UEs.

	cellBarred-eRedCap1Rx
Value barred means that the cell is barred for an eRedCap UE with 1 Rx branch, as defined in TS 38.304 [20]. This field is ignored by non-eRedCap UEs.

	cellBarred-eRedCap2Rx
Value barred means that the cell is barred for an eRedCap UE with 2 Rx branches, as defined in TS 38.304 [20]. This field is ignored by non-eRedCap UEs.

	cellBarredNES
The presence of this field indicates that the cell is allowed for UEs supporting NES cell DTX/DRX.

	cellBarredNTN
Value barred means that the cell is barred for connectivity to NTN, as defined in TS 38.304 [20]. Value notBarred means that the cell is allowed for connectivity to NTN. If not present, the UE considers the cell is not allowed for connectivity to NTN, as defined in TS 38.304 [20]. This field is only applicable to NTN-capable UEs.

	cellBarredRedCap1Rx
Value barred means that the cell is barred for a RedCap UE with 1 Rx branch, as defined in TS 38.304 [20]. This field is ignored by non-RedCap UEs.

	cellBarredRedCap2Rx
Value barred means that the cell is barred for a RedCap UE with 2 Rx branches, as defined in TS 38.304 [20]. This field is ignored by non-RedCap UEs.





