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Introduction
In the RAN #102 meeting, new work item for enhancement of network energy saving for NR was approved [1]. 
In this contribution, we share our views on procedures and signaling design on on-demand SIB1 for UEs in idle/inactive state.
Discussion on single cell and multi-cell operation
As already limited by the 2nd objective in the WID below, the scope of on-demand SIB1 is only for idle/inactive mode UEs. When triggering the on-demand SIB1, we see two design direction as single cell or multi-cell operation.
	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



Single cell operation
When single cell operation is assumed, a cell that operates on-demand SIB1 should at least be detectable by idle/inactive UEs without any help of other cells even when the cell is the first cell to camp in the PLMN (i.e. the result of PLMN selection). This means the SSB should be always periodically transmitted. Once a UE is power on or moves into the coverage area of the cell and the condition to camp on this cell is satisfied, UE triggers this cell to switch the SIB1 ON and to check NAS procedure like the Tracking Area (TA). After NAS procedure and possible Registration procedures, UE periodically receives paging and is ready for random access procedure. With the absence of SIB1, how to obtain the condition to camp on this cell and how to obtain the configuration to initiate the cell to switch the SIB1 ON (like RACH configuration and so on) are not clear. Following can be observed:
· As SSB must be periodically always ON, the NES (network energy saving) gain is less attractive from the on-demand SIB1. But this may depend on the periodicity of the SSB, periodicity of SIB1 and number of the repetitions within a SIB1 period. When the periodicity of SSB/SIB1 is larger, NES gain may be maximized but UE may experience the lack or delay of paging reception, which impacts the service quality due to possibly large paging latency.
· It is not clear on how UE obtains the condition to camp on this cell and the configuration to initiate the cell to switch the SIB1 ON. It may be acquired from other cells beforehand if this cell is not the first cell to camp on in the PLMN. But one may argue this is not single-cell operation but muti-cell operation as described in the next section.
· When SIB1 is ON and transmitted, both new and legacy UEs may be able to read the SIB1, and thus can camp on this cell by monitoring paging and being ready for RACH procedure when needed. On the other hand, when SIB1 is OFF, newly arrival legacy UE is not able to detect the SIB1 and cannot camp on this cell. For legacy UEs already camping on this cell, it is also a question mark whether the paging and RACH are still valid and working in this cell. Because whether gNB is still operating paging and RACH would impact the NES gain. Thus, backward compatibility would be an issue.
Observation 1: For single cell operation of on-demand SIB1, the NES gain is limited by the periodic SSB/SIB1 transmission and network deployment flexibility is quite limited as the condition to camp on this cell and the configuration to initiate the cell to switch the SIB1 ON would be fixed within a UE. The backward compatibility cannot be guaranteed for SIB1 off as SIB1 is required to be periodically transmitted for legacy UE. 

Multi-cell operation


                                                Figure.1 An example of the multi-cell operation for on-demand SIB1
In a multi-cell operation manner, as shown in Figure.1, we envisage following three scenarios. 
Scenario X: Cell A and Cell B are the same coverage of the different frequency.
Scenario Y: Cell B is part of Cell A coverage of the different frequency.
Scenario Z: Cell A and Cell B have some overlap on the coverage in either same or different frequency.
With the help of Cell A, on-demand SIB1 of Cell B operation is applied. SIB1 of Cell B may be sent over Cell A and/or Cell B to be further discussed. Although "on-demand" should be interpreted as system perspective, the needs of Cell B ON request from UE are different among scenarios. Scenario Y and Z may require the on-demand SIB1 request from UE for the network identification of the UE existence in cell B coverage. With such consideration, we observe the following:
· Compared with single cell operation, more aggressive NES gain can be achieved with flexibility on the control of the Cell B, as SSB can be either ON or OFF depending on whether network needs the Cell B to be detectable. Other common channels, i.e., SIB1, paging and PRACH can be deactivated before network switches ON the Cell B for UEs to camp and/or to be served.
· Legacy UEs can camp on Cell A. And new release UEs can camp on either Cell A or Cell B depending on the indication from Cell A and whether Cell B is switched ON. Thus, backward compatibility can be guaranteed.
· All the needed configuration of wake-up-signal and potential SIB1 information of Cell B can be provided by Cell A SIB. The signaling design would be less complex than the single cell operation.
Observation 2: For the multi-cell operation of on-demand SIB1, the NES gain is more feasible to achieve by adapting together with other common channels. Backward compatibility can be guaranteed. The configuration of wake-up-signal and potential new signalling can be supported by the backward compatible cell. 
Proposal 1: Multi-cell operation should be supported for on-demand SIB1.
For idle/inactive UEs, random access procedure is required for the initial access to the cell. If Cell B ON request from UE like wake-up-signal or triggering method is required, the relation with random access procedure should be discussed as idle/inactive UEs does not have UL synchronization before the random access procedure. Below aspects need to be studied to facilitate the system operation:
· What information needs to be provided to the network from UE if Cell B ON request from UE is required. If Cell A and Cell B are the same coverage as scenario X, only whether UE is capable to support on demand SIB1 to be provided to the network during the random access procedure in addition to normal random access procedure. If Cell B is part of Cell A coverage as scenario Y or Cell A and Cell B have some overlap on the coverage, UE needs to inform Cell B is detectable to the network as UE is within Cell A coverage does not ensure it is within Cell B coverage. If there are several candidates of "Cell Bs", which Cell B also should be informed to the network. Depending on different functionalities and intended information bits, the possibility of Msg1, Msg3/5 can be considered.
· What is the condition if Cell B ON request from UE is required. The condition to initiate normal random access procedure is well defined already. It needs to be discussed whether additional or separate condition to initiate random access for the purpose of SIB1 request/triggering is required or not.
· Whether/how to indicate Cell B SIB1 ON or “go to camp on Cell B”. Once UE triggers the network to switch ON the SIB1 of Cell B, whether network needs to send a confirmation to UE or indication on which cell to camp needs to be studied. One possibility of quick indication would be “go to camp on Cell B” is indicated in Msg 2.
Proposal 2: The relation between random access procedure and Cell B ON request from UE should be studied. 
Conclusion
Based on the discussion, the following proposals are highlighted: 
Observation 1: For single cell operation of on-demand SIB1, the NES gain is limited by the periodic SSB/SIB1 transmission and network deployment flexibility is quite limited as the condition to camp on this cell and the configuration to initiate the cell to switch the SIB1 ON would be fixed within a UE. The backward compatibility cannot be guaranteed for SIB1 off as SIB1 is required to be periodically transmitted for legacy UE. 
Observation 2: For the multi-cell operation of on-demand SIB1, the NES gain is more feasible to achieve by adapting together with other common channels. Backward compatibility can be guaranteed. The configuration of wake-up-signal and potential new signalling can be supported by the backward compatible cell. 
Proposal 1: Multi-cell operation should be supported for on-demand SIB1.
Proposal 2: The relation between random access procedure and Cell B ON request from UE should be studied. 
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