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Introduction
The Release 19 WI for Network Energy Saving (NES) was approved in RAN#102 [1]. One of the objectives is the following study:
	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.
· [bookmark: _Hlk158404814]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



This contribution focuses on some of the relevant aspects concerning the above stated study of the NES technique of on-demand SIB1 transmissions for UEs in idle/inactive mode, based on the discussions and agreements from RAN1#116 [2].
[bookmark: _Ref158475960]Overview of on-demand SIB1
While on-demand SIB1 is mentioned alongside on-demand SSB as part of technique A-5 in TR 38.864 [2], the focus of the discussion, the simulation results and Rel-18 contributions prior to the TR were on on-demand SSB.  Therefore, it is important to understand the commonalities and differences between on-demand SSB and on-demand SIB1. On-demand SSB refers in most contexts to omitting both SSB and SIB1 and that a trigger signal such as an uplink wake-up signal would restore both SSB and SIB1 transmission. Instead, on-demand SIB1 can be defined as an operation where SSBs are transmitted regularly but SIB1 is omitted and it is only transmitted on-demand after a UE triggers SIB1 transmission, e.g. via an uplink wake-up signal. Only a UE which needs to read SIB1 would trigger SIB1 transmission. The remaining time without such demand from any UE, energy can be saved at the gNB by omitting SIB1 transmission. 
Naturally, on-demand SSB provides larger energy savings than on-demand SIB1, but there are several advantages of on-demand SIB1 over on-demand SSB, which makes on-demand SIB1 more practical and easily deployed and co-exist with legacy UEs. Namely:
· In on-demand SIB1 operation, the cell can still be found during initial cell selection and cell re-selection. There is no discovery issue, as identified for on-demand SSB.
· As SSBs are transmitted the design of uplink wake-up signal for SIB1 on-demand may consider some degree of time and frequency synchronization. 
· RRM measurements can still be performed on the cell and be reported in other cells.    
Given these characteristics defining and standardizing on-demand SIB1 for idle/inactive operation could be much simpler than standardizing on-demand SSB for idle/inactive operation. The latter may still be justified for future releases given the huge potential on energy savings, but for Rel-19 the adoption of on-demand SIB1 could be a very important step on the right direction. The question remains of which energy savings are attainable for on-demand SIB1 operation. 
The potential of omitting SIB1 was mostly investigated in Rel-18 SI on the context of SIB1-less operation with a cross-carrier SIB1 transmitted in another co-located cell. The energy savings potential of on-demand SIB1 goes beyond that because energy does need to be spent on the SIB1 transmitted on the other carrier. Instead, SIB1 is only transmitted when strictly needed. 
To understand why omitting SIB1 leads to energy savings, one needs to observe the following characteristics of SIB1:
· SIB1 must be decodable in the complete coverage of the cell. Therefore:
· SIB1 should use the most robust modulation and coding scheme.
· SIB1 repetitions with different redundancy versions may be needed for further coverage.
· Multiple SIB1s need to be transmitted separately in time on every analog beamforming direction (each direction corresponding to an SSB on a SSB burst) 
· The PDCCH part of SIB1 needs enough CCEs for good coverage.
· While transmitting SIB1 the whole system bandwidth is not available for utilization (before reading SIB1 the same CORESET#0 numerology of 24, 48 or 96 RBs is used instead, depending on the operating band)
· SIB1 size depends on the fields, but in practice it may be significantly large (e.g. 200 bytes)
These characteristics together typically lead to a SIB1 occupying a whole slot in the time domain. Even though the total PRB occupation may not be high on large bandwidths, time occupation (on slot) is considerable due to repetitions to support analog beamforming and initial beam selection. As an example, in a C-band deployment using SCS = 30 kHz, up to 8 beams may be used. This means in case of SSB 8x 4 symbols – a total of 32 symbols. But for SIB1, occupying a full slot, this means a total of 8 slots only for SIB1 transmission, in a system which only has a total 40 slots on the typical 20 ms SSB period. At zero load, this is by far the largest contributor to time occupancy of RBs and therefore, a large contributor to energy consumption. 
Observation 1: SIB1 transmissions may occupy resources for a considerable time (e.g. 8 out of 40 slots). Consequently, SIB1 transmission is a main contributor to gNB energy consumption at zero and low load.
[bookmark: _Ref163155761][bookmark: _Hlk163139533]Review of Options for UL WUS Transmission
[bookmark: _Hlk163140191]A relevant agreement on on-demand SIB1 from RAN1#116 [2] is copied below and discussed next.
	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



Firstly, note that the UE wanting to demand SIB1 transmission from the NES Cell is implicitly in the potential coverage of that cell. Taking this into account, several observations can be made as follows, regarding the above options for obtaining the UL WUS configuration and then transmitting UL WUS (to trigger demand for SIB1 transmission from the NES Cell):
· [bookmark: _Hlk163139240]Option A and Option 1 are always feasible in terms of coverage and has several other natural advantages compared to the other options needing the involvement of Cell A.
· Option B and/or Option 2 via Cell A are feasible only when the UE happens to be in the coverage of Cell A as well, which would not be possible in many cases and scenarios (e.g., non-CA, non-co-located CA and co-located inter-band CA).
More specifically, since the on-demand SIB1 technique for NES is intended for UEs in RRC_IDLE/RRC_INACTIVE, it is very important to consider whether a UE demanding SIB1 from an NES cell should first discover the NES cell or Cell A. We argue that it is much easier and less time consuming to have the UE discover the NES Cell, then proceeding with obtaining the UL wake-up signal configuration from the NES cell itself, followed by sending the UL wake-up signal also to the NES cell. In this way the whole procedure is generic, fast, and applicable to any scenario (non-CA, non-co-located CA and co-located inter-band CA). The only disadvantage is slightly extra energy consumption for the NES Cell due to the DL transmission of the wake-up signal configuration (see Figure 1), and the UL reception of wake-up signals results compared to just sending SSBs.  
In contrast, if the procedure relies on Cell A (i.e., Options B and/or Option 2, assuming Cell A is accessible by the UE) it would be rather cumbersome for the UE to first detect SSBs from the NES cell and identify that on-demand SIB1 mode is configured, then re-select to Cell A (switching frequency and re-synchronizing another cell) to obtain the UL wake-up signal information, followed by sending the wake-up signal (possibly, again switching frequency and re-synchronizing with another cell) and finally read the SIB1 from the NES cell. The whole procedure thus becomes very complex, and it is not applicable to all scenarios as noted above. The only advantage in this case is that the NES cell could fully stop reception or at least not send any extra information other than SSBs. 
Last, but not least, there are considerations of initial beam selection which do not operate smoothly with Options B and/or 2. In Options A and 1, the same principle of legacy initial beam selection can be reused, i.e. same Tx beam for SSB, SIB1 and corresponding Rx beam for PRACH. In essence, the combination of Options A and 1 extends naturally to also use this same beam for UL Wake-up signal configuration and UL Wake-up signal reception. However, in Options 2 and/or B there is no direct correspondence of a beam on Cell A and a beam on NES cell. If Options B and 2 are to be used, the following questions need to be addressed (with possibly complicated solutions): If Option B is to be used, which beam would be used to obtain UL WUS information in Cell A? If Option 2 is used, which SIB1 beam would be transmitted in NES Cell after a wake-up signal reception on Cell A? 
Observation 2: Option B and/or Option 2 involving Cell A have limited feasibility, and even in feasible scenarios the procedure for demanding SIB1 from the NES Cell becomes much for cumbersome.
Observation 3: The combination of Option A and Option 1 are always feasible and has several other natural advantages.
Observation 4: Options B and 2 might not work smoothly with initial beam selection. 
Potential of on-demand SIB1
This behavior and the potential of on-demand SIB1 was studied with system-level simulations following the TR 38.864 energy consumption model, for different number of target SSB/SIB1 beams (corresponding to analog beamforming directions). Further simulation parameters are summarized on appendix A.  Three options were simulated, at zero traffic load:
1. A baseline where regular SSB and SIB1 transmissions is done every 20 ms period (SIB1 period of 160 ms and 8 repetitions per period)
2. SSB is regularly transmitted but SIB1 is fully omitted.
3. SSB is regularly transmitted, SIB1 is omitted, but another signal is transmitted every 20 ms to carry a wake-up-signal configuration provisioning to UE (e.g. a 1 symbol DCI over CORESET#0)
 
[image: ]
[bookmark: _Ref158404935]Figure 1 – Potential energy saving gains for on-demand SIB1 at zero load with additional 1-symbol DCI transmission, for different SSB/SIB1 beam configurations. Full omission or SIB1-less operation is also shown for comparing the impact of the additional DCI.

From the simulation results illustrated on  Figure 1, the following conclusions can be drawn:
· Even though the energy saving gains without analog beamforming (1 SSB, 1 SIB1) are modest they grow significantly as the number of beams increase (up to more than 40%). 
· Even if another signal needs to be transmitted, to provide wake-up-signal configuration provisioning to UE, the energy saving gains are significantly large. 
Note that in the simulations where a 1-symbol DCI was assumed to be transmitted every 20 ms to carry wake-up signal configuration, no changes to CORESET#0 were assumed. Even more efficient operation could be achieved by packing the signals further in time (e.g. new multiplexing patterns). 
Observation 4: The energy saving potential of on demand SIB1 is significant. Depending on the number of beams (on SSB and SIB1 transmission), energy savings between 13.4% and 42.3% are possible. 
Recalling the options for UL WUS transmission from the previously noted agreement from RAN1#116, the results above also indicate that the additional energy consumption for DL transmission of the wake-up signal configuration from the NES Cell is very little. Altogether, we propose that the combination of Option A and Option 1 should be specified as a baseline, while Option B and/or Option 2 can be included as additional optional features (if found beneficial). 
Proposal 1: The combination of Option A and Option 1 should be specified as a baseline, while Option B and/or Option 2 can be included as additional optional features (if found beneficial).
Triggering Method by UL WUS
As described in the study objective, to define on-demand SIB1 operation, for idle/inactive UEs, a triggering method by uplink wake-up-signal shall be defined. Preferably, the wake-up signal should reuse an existing signal/channel. In RAN#116 [2], the following agreement was made in this regard.
	[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



In legacy operation, before a UE in idle/inactive mode can transmit any uplink signal, it needs to obtain necessary minimum system information (MSI) regarding uplink transmissions, which is currently distributed in the MIB and SIB1. Specifically, the MSI provides the UE with information about precise frequency position, location in time and amount of transmit power for UL transmissions.  This means, techniques involving uplink transmissions from the UE before receiving the SIB1 and/or the MIB becomes challenging as the UE lacks enough SI to do the UL transmissions precisely. Therefore, RAN1 should study solutions for ensuring that the gNB effectively detects the UL WUS transmissions from idle/inactive UEs, preferably from the NES Cell itself. 
Observation 5: Techniques involving UL transmissions before the UE receives SIB1 become challenging as the UE lacks enough SI to do the UL transmissions precisely.  
Proposal 2: RAN1 should study solutions for ensuring that the gNB receiver can effectively detect the UL WUS transmissions from idle/inactive UEs, preferably from the NES Cell itself.
[bookmark: _Hlk158475327]Timing Advance (TA) determination is part of random-access procedure. The reception of most UL channels depends on TA, but for PRACH the timing is more relaxed. Therefore, when the UE needs to send a wake-up signal it cannot apply TA yet. Doing a random-access procedure at this point is also not possible, as the UE needs information from SIB1 to perform that procedure. These 2 characteristics (no TA and inability to perform RA) points to PRACH as the main candidate to be used as a basis for an uplink cell wake-up signal. 
Observation 6: Prior to random access procedure the UE cannot apply a precise time advance, and a random-access procedure cannot be performed by UEs without obtaining SIB1.  
Proposal 3: PRACH is used as the basis for an uplink cell wake-up signal.
Provisioning UL cell wake-up signal configuration to the UE
As described in the previous section, to transmit an UL cell wake-up signal the UE needs to know which frequency and time resources to use, which power can be used for transmission and the waveform format (e.g. based on PRACH). Such configuration, if flexible, needs to be provisioned to the UE. 
The objective explicitly states, “No modification of SSB will be discussed under this objective”. This rules-out extensions to SSB/MIB to provision UL cell wake-up signal configuration. The two remaining options are:
1. UL cell wake-up signal configurations are predefined, in a way that no provisioning is needed. 
2. When SIB1 is omitted (for energy saving) the gNB transmits another signal (e.g. a DCI on CORESET#0) which carries the configuration of UL cell wake-up signal.
In fact, these two options correspond to the simulated cases shown on Figure 1 and as discussed on section 2 the energy savings are very significant in both cases (obviously, larger if no other signal is transmitted). 
Proposal 4: RAN1 further investigates these 2 options: 
1. UL cell wake-up signal configurations are predefined, in a way that no provisioning is needed. 
2. When SIB1 is omitted (for energy saving) the gNB transmits another signal (e.g. a DCI on CORESET#0) which carries the configuration of UL cell wake-up signal.
In RAN#116 [2], the following agreements were made in this regard.
	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



Although no agreements were reached on the details of the above in RAN#116 [2], the discussions noted in [3] had considered relevant proposals for potential agreements, which should further addressed in this meeting. For example, let us consider the following from [3] 
FL Proposal 6-1-v3
For the further study of UL WUS transmitted by UE to trigger on-demand SIB1 on NES cell, UE obtains the WUS configuration from one or more of:
· Alt 1: SIBx of Cell A and/or NES cell
· Alt 2: DCI on Cell A or NES cell
· Alt 3: Msg 4 or Msg 2
· Alt 4: [PBCH on NES Cell]
· Alt 5: Predefined configuration
· Alt 6: RRC release message of cell A

In our understanding there are some desired characteristics of a WUS configuration. First, legacy UEs should consider the cell barred. This is already the case if the UE does not find SIB1. Secondly, Rel-19 UEs should be able to distinguish the case where there is no SIB1 at all from the case where SIB1 is currently omitted for energy savings in On-demand SIB1. Furthermore, the WUS configuration needs to carry some basic information, which is normally found on SIB1 itself. Considering those aspects, we briefly discuss the merits of these different alternatives. 
· In Alt 1, The configuration for SIBx mechanism is sent on SIB1 itself. Thus it can be applied to Cell A, but as described in section 2.1, sending information on Cell A does not work well with initial cell selection of the UE that ultimately wants to select NES Cell. In case of SIBx mechanism directly on NES Cell, a reduced SIB1 containing SIBx information should be transmitted. That would be easy to standardize but would not lead to very large energy savings. 
· Alt 2 has an interesting characteristic. If DCI is transmitted with an RNTI that is not understood by legacy UEs, or a new format, then Rel-19 UEs will know to distinguish the case where there is no SIB1 at all from the case where SIB1 is currently omitted for energy savings in On-demand SIB1. Furthermore, a newly designed DCI can carry all needed UL WUS configuration needed. DCI also works well both with NES Cell and Cell A. 
· Msg 2 and Msg 4 depend on obtaining SIB1. Thus, our understanding is that Alt 3 is only applicable to Cell A. As argued, we need a basic solution applicable directly to NES Cell.
· Alt 4 can also have some good characteristics. There are still some values of K_ssb which will be understood as absent SIB1 by legacy UEs and yet they are not used on Rel-18 specs (namely K_ssb=30 for FR-1 and K_ssb=14 for FR-2). This means that such values could be used as a basis for the solution. Furthermore, information transmitted on PBCH of the NES cell would automatically work nicely with the initial beam selection for sending the Wake-up signal. The major issue with Alt 4 is that it may not be compatible with the current WID, which says that no modification of SSB comes under this objective. However, if seen beneficial by RAN1 we could formally identify that need and bring that to the plenary. 
· Alt 5 has the merit of having zero overhead and therefore more energy savings. However, characteristics of the wake-up signal such as the time offset to the SSB for wake-up signal reception would have to be pre-configured, e.g. in a table for each band. 
· Alt 6 could help to provide timely knowledge to the UE but does not apply to all scenarios (again due to the coverage differences). It may be an optional feature. A similar and even stronger argument can be made for sending WUS configuration on the RRC in NES Cell. When a cell switches to a NES state where SIB1 is omitted, the UEs can be informed of that. This will allow all remaining UEs to re-obtain SIB1 smoothly if they need to come back to connected.  

Based on the above arguments, denoted below a modified version of the proposal to be discussed.
Proposal 5: For UL WUS transmitted by UE to trigger on-demand SIB1 on NES cell, RAN1 to prioritize the alternatives for UE obtaining the WUS configuration from the NES cell itself.
Conclusions
In this contribution, we discussed some aspects of on-demand SIB1 for NES. The following observations and proposals have been made:
Observation 1: SIB1 transmissions may occupy resources for a considerable time (e.g. 8 out of 40 slots). Consequently, SIB1 transmission is a main contributor to gNB energy consumption at zero and low load.
Observation 2: Option B and/or Option 2 involving Cell A have limited feasibility, and even in feasible scenarios the procedure for demanding SIB1 from the NES Cell becomes much for cumbersome.
Observation 3: The combination of Option A and Option 1 are always feasible and has several other natural advantages.
Observation 4: The energy saving potential of on demand SIB1 is significant. Depending on the number of beams (on SSB and SIB1 transmission), energy savings between 13.4% and 42.3% are possible. 
Observation 5: Techniques involving UL transmissions before the UE receives SIB1 become challenging as the UE lacks enough SI to do the UL transmissions precisely.  
Observation 6: Prior to random access procedure the UE cannot apply a precise time advance, and a random-access procedure cannot be performed by UEs without obtaining SIB1.  
Proposal 1: The combination of Option A and Option 1 should be specified as a baseline, while Option B and/or Option 2 can be included as additional optional features (if found beneficial).
Proposal 2: RAN1 should study solutions for ensuring that the gNB receiver can effectively detect the UL WUS transmissions from idle/inactive UEs, preferably from the NES Cell itself.
Proposal 3: PRACH is used as the basis for an uplink cell wake-up signal.
Proposal 4: RAN1 further investigates these 2 options: 
1. UL cell wake-up signal configurations are predefined, in a way that no provisioning is needed. 
2. When SIB1 is omitted (for energy saving) the gNB transmits another signal (e.g. a DCI on CORESET#0) which carries the configuration of UL cell wake-up signal.
Proposal 5: For UL WUS transmitted by UE to trigger on-demand SIB1 on NES cell, RAN1 to prioritize the alternatives for UE obtaining the WUS configuration from the NES cell itself.
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Appendix A – Simulation parameters and assumptions
The system level simulation results shown in Figure 1 were produced according to the guidelines and models in TR 38.864 [2]. The gNB consumption model was set to the parameters of BS Category 1, Set 1. The simulation sets were set to the 3-sector deployment of a TDD system on 4 GHz (Set for system-level simulation). 
Coreset#0 was set to 3 symbols, 1 symbol gap between PDCCH and PDSCH for SIB1 and SIB1 with 200 bytes. Both PDCCH and PDSCH of SIB1 were assumed with 48 RBs.
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