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Introduction
In the RAN#102 meeting, the new WI of enhancements of network energy savings for NR was set up [1], including on-demand SSB Scell operation, on-demand SIB1 for UE in idle/inactive mode and the adaptation of common signal/channel transmission. The related objectives are listed below [1]. 

	
1. 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 
· [bookmark: _Hlk162728808]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




In this contribution, we provide our views on the study of procedure and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode. 
[bookmark: _Hlk110416859]Discussion
In Rel-17 NES study item phase, plenty of techniques for network energy saving were discussed, including time domain, frequency domain, spatial domain and power domain techniques. For Rel-18 WI, NES techniques mainly focus on UEs in RRC_CONNETECD state and try to avoid the effect to RRC_IDLE/INACTIVE UEs. But it should be noticed that, there could be many RRC_IDLE/INACTIVE UEs camping on a NES cell, which needs the common downlink signalling for UE camping, SI acquisition and paging reception, etc. As analysed in TS 38.864, downlink transmission, including commons signalling and data, is the main aspect of network energy consumption. With deactivation of some downlink transmission, network energy can be saved. And in TS 38.864 [2], there’re power consumption model of reducing SSB/SIB1 transmission. When a cell without UEs turns off the SIB1 transmission, the gNB can still go into sleep mode. One source showed that on-demand SIB1 at empty load can provide 5.8%~8.6% BS energy savings at SIB1 transmission rate of 20%~5% for one SSB beam, and the gains can increase to 32.1%~38.8% for 8 beams case for the same SIB1 transmission rate range, with baseline of 20ms SSB/SIB1 periodicity. Besides, In the commercial deployment scenario, it can be observed that the load of network in the central business district would decrease after working hours. People leave their offices and the gNBs covering this area work in a very low traffic load. In this case, the gNBs can be turned into an energy saving mode to reduce the power consumption.
Based on the analysis above, we think on-demand SIB1 for idle/inactive mode can be converted into the normative work phase from study phase.
Proposal 1: Support to convert the study phase of on-demand SIB1 for idle/inactive mode into the normative work phase.
Scenario:
Currently, when a UE is switched on, a public land mobile network (PLMN) or a SNPN is selected by NAS. Then UE will camp on a cell, in which the UE searches for a suitable cell of the selected PLMN or selected SNPN, chooses that cell to provide available services, and monitors its control channel. After camping, the UE will perform registration to the network and it may be released to RRC_IDLE/RRC_INACTIVE state. To achieve camping, the cell selection parameters are necessary, which can be acquired in SIB1.
When it comes to a cell supporting on-demand SIB1 or without SIB1 (in the following, it is indicated as NES cell), one questions is whether NES cell can be deployed standalone. If the NES cell can be deployed standalone, there could be coverage holes to legacy UEs as mentioned above about the current procedure, legacy UEs cannot camp on a cell without SIB1 without necessary parameters for camping. What’s more, since it’s not clear for a NES cell supporting on-demand SIB1 (without SIB1), whether other common signallings like MIB, other SI and paging can be received in the NES cell. If NES cell cannot be deployed standalone, it means there should be a cell ( in the following, it indicated as anchor cell) to ensure the network coverage and provide necessary information of the related NES cell. 
Observation 1: UE may not camp one standalone NES cell based on the current procedure since the necessary parameters are not available.
For discussion of on-demand SIB1 scenario, the following agreements were agreed during RAN1#116 meeting [3].

	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



Therefore, it’s better to decide whether the both two scenarios are supported for on-demand SIB1 supporting in a cell:
[bookmark: _Hlk162776126]Scenario 1: NES cell can be deployed standalone at least for SIB1 related transmission.
Scenario 2: NES cell is deployed with Cell A
Proposal 2: RAN2 is kindly asked to decide whether the both scenarios are supported for on-demand SIB1 supporting in a cell:
[bookmark: _Hlk163217594]Scenario 1: On demand SIB1 NES cell can be deployed standalone;
Scenario 2: NES cell is deployed with Cell A.
In the WID, it is mentioned that, No modification of SSB will be discussed under this objective (on-demand SIB1 for RRC_IDLE/INACTIVE state UE), in our understanding, at least MIB is transmitted in the NES cell. For other SI and paging, since the scheduling information is included in SIB1, if SIB1 content is not provided to any UE in the NES cell, other SI and paging is not expected in the NES cell by the UE.
Proposal 3: MIB is transmitted in the NES cell.
Proposal 4: Other SI and paging is not expected to be received in the NES cell if SIB1 is not provided by NES cell.
WUS configuration and triggering methods for SIB1:
To acquire the SIB1 by the on-demand way, there are three steps for the UE:1. Receive WUS configuration for triggering on-demand SIB1; 2. Send WUS signalling to the network; 3.Receive SIB1 from the network. 
For Scenario1, the WUS configuration can only be provided by the NES cell. And there’re two potential solutions to provide WUS configuration as shown in Figure 1:
Solution 1: WUS configuration is broadcasted in the NES cell.
Solution 2:WUS configuration is provided via dedicated RRC signalling, such as RRCRelease message.


Figure 1 Potential procedures for Scenario 1
As discussed on common signalling providing in NES cell, currently only MIB is broadcasted in the NES cell. If  solution1 is adopted, WUS configuration should be included in MIB. However, there’s no spare bits to convey the configuration. Even there’s enough spare space in MIB, it will introduce extra signalling overhead. For solution 2, the signalling overhead can be avoided, but it can only be applied to the UE that once entered RRC_CONNECTED in the cell. And for the UE reselected from other cells in RRC_IDLE/INACTIVE state, it may not have the WUS configuration unless the configuration is per area configured, and this area is cell specific concept, but like UE’s RNA.
Proposal 5: For NES cell standalone scenario, RRCRelease message is preferred to provide WUS configuration.
Proposal 6: WUS configuration can be configured per area, for example, the same WUS configuration is per area configured, similar to system information.
What’s more, since there’s no anchor cell (Cell A), the WUS singalling and SIB1 can only be received/transmitted by the NES cell.
Proposal 7: UE sends WUS signalling to the NES cell and acquire SIB1 from NES cell
For Scenario 2, the WUS configuration or the on-demand SIB1 of the NES cell can be provided by Cell A or NES cell, correspondingly, also, the WUS siganlling can be received by the NES cell or Cell A. There could several combinations based on the different transmission/reception nodes. And the three steps in this scenarios are correlated. For example, if the WUS signalling is received by the Cell A and SIB1 is also transmitted in the Cell A, it’s rational that Cell A provides the related WUS. As discussed in Scenario 1, there could be restrictions to provide WUS configuration by the NES cell, therefore, it’s preferred to provide the WUS configuration by Cell A. AS to the way to provide WUS configuration, both broadcast and dedicated RRC signalling can be considered.
If Cell A is used to receive UE’s WUS signalling, Cell A may indicate to the NES cell for SIB1 transmission via Xn interface. In this way, the NES cell may get more energy saving gain from not monitoring WUS signalling, but it may introduce more SIB1 acquisition latency for the UE at least for the Xn indication procedure. If SIB1 is transmitted by the Cell A, the Xn latency is doubled. If it’s the NES cell to receive UE’s WUS signalling, it’s rational to provide the SIB1 by the NES cell, which results in low latency without extra Xn interaction.


Figure 2 Potential procedures for Scenario 2
Proposal 8: For Scenario 2, Cell A is preferred to provide WUS configuration.
Proposal 9: WUS configuration can be provided in Cell A via broadcast or dedicated RRC signalling.
Proposal 10: If WUS signalling is received by Cell A, both Cell A and NES cell can provide on-demand SIB1.
Proposal 11: If WUS signalling is received by the NES cell, it’s preferred to provide SIB1 to the UE by the NES cell.
Besides, as mentioned in the WID, existing signal/channel is considered as WUS signalling, for RRC_IDLE/INACTIVE UEs,  RACH procedure can be considered as a starting point, Msg1 or Msg3 can be used. 
Proposal 12: Msg1 and Msg3considered as a starting point as WUS signalling for SIB1.
Conclusions
In this contribution, we analyse procedure and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode., following are the proposals and observations:
Proposal 1: Support to convert the study phase of on-demand SIB1 for idle/inactive mode into the normative work phase.
Observation 1: UE may not camp one standalone NES cell based on the current procedure since the necessary parameters are not available.
Proposal 2: RAN2 is kindly asked to decide whether the both scenarios are supported for on-demand SIB1 supporting in a cell:
Scenario 1: On demand SIB1 NES cell can be deployed standalone;
Scenario 2: NES cell is deployed with Cell A.
Proposal 3: MIB is transmitted in the NES cell.
Proposal 4: Other SI and paging is not expected to be received in the NES cell if SIB1 is not provided by NES cell.
Proposal 5: For NES cell standalone scenario, RRCRelease message is preferred to provide WUS configuration.
Proposal 6: WUS configuration can be configured per area, for example, the same WUS configuration is per area configured, similar to system information.
Proposal 7: UE sends WUS signalling to the NES cell and acquire SIB1 from NES cell.
Proposal 8: For Scenario 2, Cell A is preferred to provide WUS configuration.
Proposal 9: WUS configuration can be provided in Cell A via broadcast or dedicated RRC signalling.
Proposal 10: If WUS signalling is received by Cell A, both Cell A and NES cell can provide on-demand SIB1.
Proposal 11: If WUS signalling is received by the NES cell, it’s preferred to provide SIB1 to the UE by the NES cell.
Proposal 12: Msg1 and Msg3considered as a starting point as WUS signalling for SIB1.
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