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1. [bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
In the RAN#102 meeting, the new WI of enhancements of network energy savings for NR was set up [1], one of the objectives is to study on-demand SIB1 for UE in idle/inactive mode. The related objective is as following. 
	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


[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our views on the study of overall consideration, applicable scenario, WUS design and reception procedure to support on-demand SIB1 for UEs in idle/inactive mode.
2. Overall consideration for on-demand SIB1
In the real 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 gNB covering this area work in a very low traffic load. In this case, the gNB can be turned into an energy saving mode to reduce the power consumption. Even in some office buildings, when the building is empty without any connected users, the gNB within the office building can be turned off. On the other side, in the same scenario, when some users come back to the office continuing their work after hours, the gNB should be turned on and works as normal without NES mode. A wake-up signal from the UE can be used to wake up the gNB providing the services as normal. Before the UE sending the wake-up signal, the configuration shall be provided to the UE with certain procedure.
In Rel-18 study phase, the energy saving gain for the on-demand SIB1 was discussed. In TR38.864 [2], some evaluations focused on the SIB1-less scenario. When a cell without UEs turns off the SIB1 transmission, the gNB can 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 [2]. 
Currently the on-demand SIB1 for idle/inactive mode UEs are still in a study phase. From our understanding, in the real deployment, the demand for network energy saving which can reduce the operation cost is clear. And the energy saving gain of on-demand SIB1 is explicitly captured. The study of on-demand SIB1 should convert to the specification phase.
Proposal 1: Support to convert the ‘study’ to ‘specify’ for on-demand SIB1.

3. Applicable scenario for on-demand SIB1
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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this section, we discuss the applicable scenario for on-demand SIB1. Including the configuration provision for WUS configuration and the cell used for WUS/SIB1 transmission.
1. 
2. 
3. 
3.1. Discussion on configuration provision for WUS configuration
Two options were identified in last meeting regarding configuration provision for UL WUS transmission.
· Option B: UE obtains the UL WUS configuration from Cell A. The most straightforward way is to transmit the WUS configuration as a broadcast signaling on Cell A. The UE first receives the WUS configuration on Cell A, and then triggers SIB1 for NES cell with some certain condition (e.g. channel quality), as is shown in Figure 1. 
 [image: ]
Figure 1. Option B: UE obtains the UL WUS configuration from Cell A
· Option A: UE obtains the UL WUS configuration from NES Cell. The WUS configuration can be transmitted in a broadcast manner or in a non-broadcast manner, so that the UE can directly receive the WUS configuration on NES cell and then triggers SIB1 for NES cell, as is shown in Figure 2. However, the NES gain will be impacted in this case, since the SIB1 is reduced on NES cell while another broadcast signaling (i.e., WUS configuration) is added on NES cell. If the WUS configuration is transmitted in a non-broadcast manner, the UE cannot directly receive the WUS configuration on NES cell, which means it is not a thorough solution and Option B may still be needed. However, we think such a non-broadcast WUS configuration transmission may also be useful, and one such example is through RRC release message. UE in RRC IDLE/INACTIVE mode may first camp on Cell A, and when the channel quality of the NES cell is better enough and UE also has traffic to transmit, UE can transmit WUS to trigger SIB1 on NES cell and perform random access to establish a RRC connection on NES cell. When there is no transmission requirement for a period of time, the gNB instructs UE to enter RRC IDLE/ INACTIVE mode via the RRC release signaling and camp on NES Cell after that. In this case, the WUS configuration of the NES cell and other neighboring NES cells can be carried in the RRC release signaling.
[image: ]
Figure 2. Option A: UE obtains the UL WUS configuration from NES Cell
Proposal 2: On configuration provision for UL WUS transmission, support the following options
· Opt 1: Transmit the WUS configuration in a broadcast manner on Cell A.
· [bookmark: _GoBack]Opt 2: Transmit the WUS configuration in RRC release message.
3.2. Discussion on the cell used for WUS/SIB1 transmission
The intention for on-demand SIB1 is to request and receive the SIB1 for NES cell with a simple, rapid procedure. From this aspect, it is recommended that WUS/SIB1 transmission is performed on the same cell, so that the UE does not need to switch between carriers during the on-demand SIB1 procedure.
[bookmark: _Hlk158217087]Proposal 3: WUS and SIB1 transmission shall be performed on the same cell.
Then we discuss whether WUS/SIB1 transmission is performed on anchor cell or NES cell. Generally, the purpose of UE requesting SIB1 is to camp/access to the corresponding cell based on the prior information (e.g. channel quality based on SSB measurement). In other words, while UE requests a SIB1, the link performance between it and the NES cell should be relatively good.
The other issue is how to deal with the SI change. Currently, once the UE detects a change in system information, it may need to monitor various kinds of SIBs due to there is no distinction between specific SIBs in the SI change indicator (i.e. short message in paging DCI). Therefore, if SIB1 for NES cell is transmitted on anchor cell, the UE still needs to maintain the T/F sync for anchor cell when it camps/accesses with the NES cell.
Based on the above analysis, it is recommended that WUS1/SIB1 transmission is performed in NES cell.
[bookmark: _Hlk158217093]Proposal 4: Support WUS and SIB1 transmission to be performed on NES cell.

4. WUS design for on-demand SIB1
For discussion of WUS design, the following agreements were agreed during RAN1#116 meeting [3].
	[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
[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

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.


In this section, we discuss the WUS design for on-demand SIB1. Including the specific signaling, triggering condition, configuration granularity and response for WUS transmission.
4. 
4.1. Discussion on the specific signaling for WUS
In current on-demand SI procedure, the UE can use either a dedicated PRACH resource or a common PRACH resource along with dedicate request in Msg3 to acquire SIB. The former requires a relatively short processing time while the latter has more reasonable PRACH overhead. Comparing with on-demand SI, on-demand SIB1 procedure only focus on a specific type of system information for a specific cell, thus will not result in a large overhead for PRACH. Therefore, it is recommended that the dedicated PRACH resource shall be supported for SIB1 request as baseline.
Proposal 5: Support dedicated PRACH resource for SIB1 request as baseline
· FFS whether common PRACH resource for SIB1 request is supported
4.2. Discussion on the triggering condition for WUS
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In TS 38.304, a complete procedure for cell selection and cell reselection is introduced. To be specific, the UE may select/reselect to a specific cell when criterion S and/or criterion R is fulfilled, and determine the destination cell is a suitable or acceptable cell. Such mechanism could be reused for the triggering condition for WUS. 
Proposal 6: For triggering condition for WUS, support reuse the mechanism in cell selection and cell reselection as the starting point.
4.3. Discussion on the configuration granularity for WUS
The other issue is the configuration granularity of WUS, i.e., whether a specific WUS resource is associated with single cell or multiple cells. On the one hand, configure a WUS resource for multiple serving cells can indeed decrease the overhead. On the other hand, it might trigger SIB1 for multiple cells in once, therefore increase the unnecessary energy consumption from gNB side. According to the discussion above, this overhead on WUS resource for on-demand SIB1 may not be a critical issue. From this aspect, we support to configure WUS in a per-cell manner as baseline, and further study the benefit in configure a dedicated WUS resource for multiple cell.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 7: Support configure WUS in a per-cell manner as baseline.
· FFS the benefit in configure a dedicated WUS resource for multiple cell.
4.4. Discussion on the response for WUS transmission
In on-demand SI procedure, a UE may monitor the SIB it requests during a modification period. Considering the monitoring time is relatively long, it will cause significant latency if there is the problem with UL link performance for the UE. Therefore, the RAR (with RAPID only) as the feedback is introduced, so that the UE can quickly acquire the failure on WUS transmission and enhance it through the power-ramping mechanism. For on-demand SIB1 procedure, the UE may also need to monitor SIB1 for a certain period. Thus, it is recommended that a feedback is introduced for WUS transmission as the quick-correction mechanism.
Proposal 8: Support to introduce a feedback for WUS transmission.

5. Reception procedure for on-demand SIB1
In this section, we discuss the reception procedure for on-demand SIB1. Including the UE behavior for SIB1 reception, and the relationship between SIB1 reception and random access.
5. 
5.1. [bookmark: OLE_LINK23][bookmark: OLE_LINK24]Discussion on the UE behavior for SIB1 reception
After the WUS transmission (and receive the feedback, if any), the UE may expect to receive the corresponding SIB1 with a good reliability. From this aspect, it is recommended that the gNB transmits the SIB1 as many as possible. In the other hand, keep transmitting the SIB1 will result in a significant energy consumption from gNB side. Considering the tradeoff between NES gain and reception performance on SIB1, we support to reuse the mechanism in on-demand SI procedure as baseline, i.e., introduce a time window for SIB1 transmission. The gNB can only transmit SIB1 during the certain window while the UE keeps monitoring it. 
Proposal 9: Support to introduce a time window for SIB1 reception as baseline.
5.2. Discussion on the relationship between SIB1 reception and random access
During the discussion in last meeting, there are two optional usages for WUS transmission:
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Opt 1: the UE transmits WUS only for SIB1 acquisition. Under this usage, the UE only use WUS to (re)select and camp on a NES cell, and need to send another Msg1 when initialing a random access procedure.
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Opt 2: the UE transmits WUS for both SIB1 acquisition and random access. Under this usage, the UE may use WUS to (re)select and establish a RRC connection on a NES cell in once.
Regarding the benefit of Opt 1 and Opt 2, Opt 1 can save some energy from gNB side when only SIB1 is needed while Opt 2 can reduce the procedure when UE requires to (re)select and transmit data on the NES cell. At the same time, there is a certain percentage of requirement for both Opt 1 and Opt 2 in real deployment. Thus, it is recommended that both Opt 1 and Opt 2 are supported.
Proposal 10: For the usage of WUS transmission, support the following options,
· Opt 1: UE transmits WUS only for SIB1 acquisition.
· Opt 2: UE transmits WUS for SIB1 acquisition and random access in once.

6. Conclusions
In this contribution, we provide our views on the study of overall consideration, applicable scenario, WUS design and reception procedure to support on-demand SIB1 for UEs in idle/inactive mode. The observation and proposal are listed as below.
For overall consideration on on-demand SIB1,
Proposal 1: Support to convert the ‘study’ to ‘specify’ for on-demand SIB1.

For applicable scenario on on-demand SIB1,
Proposal 2: On configuration provision for UL WUS transmission, support the following options
· Opt 1: Transmit the WUS configuration in a broadcast manner on Cell A.
· Opt 2: Transmit the WUS configuration in RRC release message.
Proposal 3: WUS and SIB1 transmission shall be performed on the same cell.
Proposal 4: Support WUS and SIB1 transmission to be performed on NES cell.

For WUS design on on-demand SIB1,
Proposal 5: Support dedicated PRACH resource for SIB1 request as baseline
· FFS whether common PRACH resource for SIB1 request is supported
Proposal 6: For triggering condition for WUS, support reuse the mechanism in cell selection and cell reselection as the starting point.
Proposal 7: Support configure WUS in a per-cell manner as baseline.
· FFS the benefit in configure a dedicated WUS resource for multiple cell.
Proposal 8: Support to introduce a feedback for WUS transmission.

For reception procedure on on-demand SIB1,
Proposal 9: Support to introduce a time window for SIB1 reception as baseline.
Proposal 10: For the usage of WUS transmission, support the following options,
· Opt 1: UE transmits WUS only for SIB1 acquisition.
· Opt 2: UE transmits WUS for SIB1 acquisition and random access in once.
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