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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 on on-demand SIB1 transmissions for UEs in idle/inactive mode, according to study mentioned above. 
[bookmark: _Ref158475960]Motivation for on-demand SIB-1 
SIB-1 is essential for the network operation, including the evaluation of whether a UE can camp on a cell or not, PLMN of the cell and to perform the access. However, SIB-1 does not need to be obtained often. In the regular case, where there is neither an SI update nor critical information (e.g. EWTS, CMAS) a UE may obtain SIB-1 during the initial access or entering a cell and only re-acquire it again every 3 hours [2].  Based on that, a simple calculation can show the potential of on-demand SIB-1. As the default transmission interval for SIB-1 in FR-1 is 20 ms, SIB-1 will be broadcast (at least) 50 times per second, accumulating 540 000 transmissions over the course of 3 hours. UEs in idle/inactive mobility which are changing cell may read SIB-1 broadcasts more often than static ones. But even if 1000 UEs acquire SIB-1 of a certain cell over the course of 3 hours, taking an average of 2 decodes for success, that would still mean that 99.6% of all SIB-1 broadcasts are wasted. Therefore, in regular operation SIB-1 may be transmitted quite often while it is only relatively sparsely decoded by some UE. It follows that the potential for energy savings by using on-demand SIB-1 is huge. Except, in very congested areas like a train station or high mobility areas like highways a feature like on-demand SIB-1 could be activated most of the time.  
Observation 1: Typically, SIB-1 is transmitted quite often while it is only sparsely decoded by some UE.  It follows that the potential for energy savings by using on-demand SIB-1 is huge.
Furthermore, when the system supports analog beamforming SIB-1 will typically be transmitted multiple times for each 20 ms cycle, once on each different direction. This is done to attain full coverage of SIB-1 in all beam directions. Thus, in a FR-1 cell supporting beamforming, SIB-1 would be transmitted up to 8 times more (up to 4.32 million times over the course of 3 hours), whereas each UE would typically obtain SIB-1 from a single beam. Hence, when beamforming is supported, even more SIB-1 broadcasts are wasted (not decoded by any UE). 
Also, each transmission of SIB-1 is not exactly cheap in terms of energy. A practical SIB-1 may be considerably sized (e.g. 200 bytes). A robust MCS and large CCE aggregation level must be used to guarantee the coverage. At the time of SIB-1 transmission the full system bandwidth cannot be used because the system bandwidth is defined in SIB-1 itself. Because of these characteristics, SIB-1 can quite often occupy a full slot for each analog beam direction. This means, that even in the absence of traffic SIB-1 imposes a large time occupancy of resources, preventing the gNB to achieve some efficient sleep mode. As an example, in a mid-band TDD system, with 40 slots every 20 ms, 8 downlink slots may be occupied just by SIB-1. Consequently, SIB-1 transmission is a main contributor to gNB energy consumption at zero and low load.
Observation 2: SIB-1 imposes a large time occupancy of resources. Consequently, SIB-1 transmission is a main contributor to gNB energy consumption at zero and low load.
In fact, as shown in our accompanying contribution [4] via system-level simulations, in some scenarios the energy savings provided by on-demand SIB-1 can be more than 40% over the typically deployed baseline. 
One should note that transmitting SIB-1 only on-demand would also save PRB resources which then can be used for transmitting other data and increase the user throughput. 
Observation 3: Transmitting SIB-1 only on-demand would also save PRB resources which then can be used for transmitting other data and increase the user throughput.
On-demand SIB-1 scenarios and possible designs
Most of the discussion, in RAN1#116, RAN1#116-bis and RAN2#125-bis revolved about scenarios involving 1 or 2 cells: at least a NES cell (applying on-demand SIB-1) and potentially another cell which transmits its own SIB-1 normally. Also, different variations were defined based on which of these 2 cells one of these 3 elements are applicable: the cell where the WUS configuration is provisioned to the UE, the cell to which an uplink WUS can be transmitted and the cell which transmits the SIB-1 information itself after WUS. 
Regarding the WUS configuration there is one more important possibility: the information is sent on the NES at another point in time. Thus, the main possibilities are:
· The WUS configuration of NES cell is sent by other cell 
· The WUS configuration of NES cell is sent on the NES cell itself, regularly. 
· The WUS configuration of NES cell is sent on the NES cell itself at other points in time, e.g. when UEs are suspended, moving to RRC_INACTIVE
There are two main issues with WUS configuration sent by other cells: complexity of the procedure and coverage. Strictly speaking, a UE which receives a certain SSB beam from a NES cell would need to obtain the WUS configuration from a SIB-1 beam of another cell. This distinction is important because the coverage of beams in different carriers may be quite different even on the same site. For cells which are not colocated the coverage relationship between beams of different cells may be quite complex. This is illustrated in Figure 1.  Even after optimization to minimize coverage holes in a layer (non NES layer), there is always the possibility that at certain location the only accessible cell is the NES cell. Therefore, WUS configuration on NES cell may be the only way to guarantee the coverage of SIB-1 is the same as SSB.
[image: Ein Bild, das Entwurf, Zeichnung, Clipart, Darstellung enthält.

Automatisch generierte Beschreibung]
[bookmark: _Ref166144955]Figure 1 – When beamforming is used in SSB/SIB-1 the coverage relationship among beams of different cells. 

Observation 4: The coverage relationship between beams of different cells may be quite complex. WUS configuration on NES cell may be the only way to guarantee the coverage of SIB-1 is the same as SSB. 
Regarding the complexity of the procedure for UEs in RRC_IDLE/RRC_INACTIVE it is important to consider whether a UE (demanding SIB-1 from an NES cell) will first discover the NES cell or the other cell. 
When the UE discovers first the NES cell the procedures is clearly simpler, faster and more generic if all information is on the NES cell. The UE selects a SSB beam from NES cell, on which it obtains WUS configuration and send WUS to the NES cell, i.e. without any involvement of another cell. In this way the whole procedure is generic, fast and applicable to any scenario (non CA , co-located CA, non co-located CA). The only disadvantage is that sending wake-up signal configuration and receiving wake-up signals results in slightly extra energy consumption compared to just sending SSBs. This consumption depends on how the data is multiplexed with SSB. That can be taken into account on the design.
Observation 3: On-demand SIB-1 procedure can be carried out exclusively in the NES cell (no need for participation of an anchor cell). In this case, the procedure is generic, fast and applicable to any scenario (non CA, co-located CA, non co located CA).
Proposal 1: At least the solution where on-demand SIB-1 signaling and wake-up signal reception is done on the NES cell itself is specified. 
In contrast, if the UE discovers the NES cell first but the procedure relies on an anchor cell it becomes cumbersome. The UE selects a SSB beam from NES cell and what it does next? Does it make another full search of SSBs on other frequencies? Does the SSB of NES cell points to a GSCN of the other cell? If it does, is it the right one? In reference to cell A and cell B of Figure 1 if the SSB beam of NES cell points to the GSCN of cell A, what happens if actually the UE is at coverage of cell B and not A? The GSCN of cell B may be different. In any case, after the UE finally figures out another GSCN where SSB can be decoded, the UE needs to select the beam of SSB of the other Cell and synchronizes to it, read the SI of the other cell it may finally obtain information of how to receive the WUS configuration of NES cell. (At this point it could as well do RA on the other cell). If the UE is to send WUS to the NES cell it would switch frequency and re-synchronize again to the NES cell, send WUS to NES cell and finally read the SIB1 from the NES cell. The whole procedure thus becomes very complex, with a long latency, and it is not applicable to all scenarios (e.g. isolated cell, non-CA, non overlapping coverage). 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. 
Observation 4: On-demand SIB-1 relying on multiple cells can be quite complex and it is not applicable to all scenarios. It has some advantage of slight decreased energy consumption on NES cells with some increase on other cells.
If the UE first discovers the anchor cell transmitting SIB-1 as in legacy, in most cases the UE can directly access that cell instead on the NES cell. Or at least it may already camp on the other cell. Still if the UE re-selects to a NES cell, it could be beneficial that the UE has some information in advance about the on-demand SIB-1 status of the NES cell. Thus, WUS configuration sent by another cell could be studied as an optimization for the case where the UE is already camped on a regular cell and decides to re-select to a NES cell. 
Proposal 2: WUS configuration carried by other cell is studied as an optimization for the case where the UE is already camped on a regular cell and decides to re-select to a NES cell.
On-demand SIB-1 and legacy UEs
A cell which is saving energy by omitting SIB-1 poses no backward compatibility to legacy UEs. Although a legacy UE cannot access a cell not transmitting SIB-1, the behavior defined in the RRC specification (TS 38.331 [2]) in the absence of essential system information (section 5.2.2.5) guarantees that a legacy UE treats an NES cell without SIB-1 as a barred cell. Therefore, the UE will continue normal idle/inactive behavior and re-select another cell where SIB-1 is not omitted. 
Observation 5: A legacy UE will treat a cell not transmitting SIB-1 as a barred cell. Therefore, this cell poses no backward compatibility to legacy UEs.
Also, if a legacy UE reads SIB-1 by chance when SIB-1 transmission is triggered by a Rel-19 UE this should poses no issue to the legacy UE. In this case the legacy UE may camp on the NES cell and even access it normally. Only, when trying to re-acquire SIB-1 (after validity is expired), it may realize that it cannot read SIB-1 and then re-select to another cell.
Conclusions
In this contribution, we discussed some aspects of on-demand SIB1 for NES. The following observations and proposals have been made:

Observation 1: Typically, SIB-1 is transmitted quite often while it is only sparsely decoded by some UE. It follows that the potential for energy savings by using on-demand SIB-1 is huge.
Observation 2: SIB-1 imposes a large time occupancy of resources. Consequently, SIB-1 transmission is a main contributor to gNB energy consumption at zero and low load.
Observation 3: On-demand SIB-1 procedure can be carried out exclusively in the NES cell (no need for participation of an anchor cell). In this case, the procedure is generic, fast and applicable to any scenario (non CA, co-located CA, non co located CA).
Observation 4: On-demand SIB-1 relying on multiple cells can be quite complex and it is not applicable to all scenarios. It has some advantage of slight decreased energy consumption on NES cells with some increase on other cells.
Observation 5: A legacy UE will treat a cell not transmitting SIB-1 as a barred cell. Therefore, this cell poses no backward compatibility to legacy UEs.
Proposal 1: At least the solution where on-demand SIB-1 signaling and wake-up signal reception is done on the NES cell itself is specified. 
Proposal 2: WUS configuration carried by other cell is studied as an optimization for the case where the UE is already camped on a regular cell and decides to re-select to a NES cell.
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