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1. Introduction
At the RAN1#116 meeting, following agreements on the agenda item of on-demand SIB1 for idle/inactive mode UEs were achieved [1]. In this contribution, we provide our views on issues of on-demand SIB1 for idle/inactive mode UEs.  

	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
Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· [bookmark: OLE_LINK185][bookmark: OLE_LINK188]Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· [bookmark: OLE_LINK189]Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
[bookmark: OLE_LINK186]Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used
[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
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 




2. Discussion on on-demand SIB1
For discussion purpose, we reuse the definition of following in this contribution. 
· 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.

2.1	Configuration of WUS 
On target cell of UL WUS transmission, there are two options as follows according to the latest agreement.  
-	Option 1: UE transmits UL WUS to NES Cell.
-	Option 2: UE transmits UL WUS to Cell A.
For option 1, NES Cell needs to monitor the WUS from UEs. Once the UL WUS is received by NES Cell, the NES cell can transmit SIB1 immediately. For option 2, NES Cell does not need to monitor the WUS from UEs. Once the UL WUS is received by Cell A, the Cell A can trigger NES Cell to transmit SIB1 via backhaul between NES Cell and Cell A. Then the latency between UE sending WUS and gNB transmitting SIB1 is relatively large, i.e., UE sending WUS would need to wait for on-demand SIB1 from NES Cell in longer time. We think that option 1 is better and simpler.  As NES Cell anyway needs to monitor either WUS from UE or triggering from Cell A, option 1 has no significant drawback compared with option 2.
Proposal 1:
· On target cell of UL WUS transmission, support option 1.  
· Option 1: UE transmits UL WUS to NES Cell.

On configuration provision for UL WUS transmission, there are two options as follows according to the latest agreement. 
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
For these two options, we compare them by considering their pros and cons. The details can be found in Table 1. 

For Option A, UE obtains the UL WUS configuration from NES Cell. When SIB1 is not triggered yet, UE could just receive the PBCH from the cell. If the WUS configuration can be indicated in the PBCH from the NES cell, UE can trigger the on-demand SIB1 transmission accordingly. That would achieve low latency and low complexity of UE behaviour to trigger on-demand SIB1. If PBCH can be used for WUS configuration indication, possible payload size for the indication is quite limited. Then the flexibility of WUS configuration is also quite limited. 

For Option B, UE obtains the UL WUS configuration from Cell A. In this approach, it requires NES Cell and Cell A are coordinated. For example, the coverage of a NES Cell is within the coverage of a Cell A. That means NES Cell cannot be deployed standalone. It leads low NW deployment flexibility. Meanwhile, the flexibility of WUS configuration can be high thanks to potential payload size for the indication in SIB1 or other SIB from Cell A. In some scenario, e.g., during initial cell selection where a UE has not acquired any valid WUS config., the latency of on-demand SIB1 reception becomes worse than Option A as it needs additional reception procedure, e.g., PBCH and SIB1 reception from Cell A. Based on the discussion, we think that it would depend on how much WUS configuration flexibility is required according to the WUS design. Therefore, we prefer to proceed WUS design discussion before making decision on this indication approach.

Table 1: Comparison among indication approaches of WUS configuration
	Indication of WUS configuration 
	Pros
	Cons

	Option A: 
UE obtains the UL WUS
configuration from NES Cell 
	Low latency / Low UE behavior complexity because a UE can acquire WUS config. during reading MIB.

High deployment flexibility because a UE can acquire WUS config. from an on-demand SIB1 cell, thus an on-demand SIB1 cell can be standalone, where there are no other cells nearby.
	Low configuration flexibility due to quite limited payload size allowed in PBCH

	Option B: 
UE obtains the UL WUS
configuration from Cell A 
	High configuration flexibility thanks to potential large payload size in SIB1/other SIBs  
 
	Low deployment flexibility because a UE has to acquire WUS config. from another cell than the on-demand SIB1 cell.

In some cases (e.g. initial cell selection), high latency / high UE behavior complexity may be expected.



Proposal 2:
· On configuration provision for UL WUS transmission, better to proceed WUS design discussion before making decision on the indication approach.


2.2	Procedure of triggering on-demand SIB1  

In legacy, UE may not receive SIB1 from a cell in some cases. First case is that the cell does not transmit SIB1. The second case is that UE could not detect SIB1 successfully due to low channel quality. For R19 on-demand SIB1 transmission for idle/inactive mode UE, when UE cannot receive SIB1 from a cell, the UE should identify whether it is the case of a R19 NES Cell where SIB1 is not triggered yet or it is above legacy cases. In this sense, the identification of a NES cell with on-demand SIB1 operation should be considered. 

For approaches of identification a NES cell with on-demand SIB1 operation, we think it is preferable that UE can identify whether a cell is a NES Cell or not by the indication from the cell itself to reduce access latency and enable the standalone deployment of NES Cell. For example, the NES Cell can indicate or broadcast, whether it is a NES Cell with on-demand SIB1 operation or not. For a cell, if a UE does not receive the indication, UE assume it is a legacy cell with normal SIB1 transmission and UE expects to receive SIB1 without any other assist information. If a UE receives the indication, UE assume it is a NES cell with on-demand SIB1 operation. Then UE assumes WUS transmission is needed to trigger the on-demand SIB1. 

Depending on which cell provides the UL WUS configuration according to the discussion in Section 2.1, we consider the following two options of identification a NES cell with on-demand SIB1 operation. 
· Option 1: If a UE obtains the UL WUS configuration from NES Cell, the UE could identify the NES cell naturally by the UL WUS configuration, i.e., based on whether explicit/implicit UL WUS configuration indication is provided by the cell or not. 
· Option 2: If a UE obtains the UL WUS configuration from Cell A, the UE could identify the NES cell by PBCH of NES cell, i.e., explicit/implicit indication of NES cell may need to be provided by PBCH. 

Proposal 3:
· On identification of a NES cell with on-demand SIB1 operation, UE can identify whether a cell is a NES Cell or not by the indication from the cell itself. 
· Considering on which cell provides the UL WUS configuration, following two options are considered for identification of a NES cell with on-demand SIB1 operation. 
· Option 1: If a UE obtains the UL WUS configuration from NES Cell, the UE could identify the NES cell naturally by the UL WUS configuration. 
· Option 2: If a UE obtains the UL WUS configuration from Cell A, the UE could identify the NES cell by PBCH of NES cell. 

It is not expected that the on-demand SIB1 are triggered frequently, as it may reduce the energy saving gain of the gNB. The condition of on-demand SIB1 triggering should be specified to avoid unnecessary on-demand SIB1 transmission. From our consideration, WUS can be transmitted when at least following conditions are met. 
· UE identifies a NES cell. 
· The received channel quality from the NES cell is larger than a pre-configured threshold.

Proposal 4:
· WUS can be transmitted by the UE when at least following conditions are met.
· UE identifies a NES cell. 
· The received channel quality from the NES cell is larger than a pre-configured threshold.

Once a UE sends the UL WUS for a NES Cell, UE should know whether gNB receives the UL WUS or not. If UE could identify that the gNB does not receive the UL WUS, UE may transmit the UL WUS again. Following two approaches can be used for a UE to identify that whether gNB receives the UL WUS or not.  
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1. 
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  
For Option 1, it follows the legacy on-demand OSI procedure with a confirmation response to avoid the duplicated triggering. For Option 2, the delay of whole procedure of SIB1 requesting would decrease. Further discussion is needed to select one of the approaches. 

Proposal 5:
· Two approaches of following can be considered for a UE to identify that whether gNB receives the UL WUS or not. 
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1. 
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  

If the on-demand SIB1 is triggered successfully, the transmission time and spatial property of triggered on-demand SIB1 should be discussed. For the time property of on-demand SIB1 transmission after triggering, one of following options can be supported. 
· Option 1: SIB1 transmission from time instance A until gNB turns off the SIB1 transmission.
· Option 2: SIB1 transmission within a time window, i.e., from time instance A with a transmission duration T.
· Option 3: SIB1 is transmitted N times after time instance A.

Proposal 6:
· Support one of following on time property of on-demand SIB1 transmission after triggering. 
· Option 1: SIB1 transmission from time instance A until gNB turns off the SIB1 transmission.
· Option 2: SIB1 transmission within a time window, i.e., from time instance A with a transmission duration T.
· Option 3: SIB1 is transmitted N times after time instance A.

For the spatial property of on-demand SIB1 transmission after triggering, it is better to study the UE’s assumption of spatial relationships between/among the following signals/channels in each assumption considering which cell of Cell A or NES cell provides WUS config. and receives UL WUS. 
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS

Proposal 7:
· Study the UE’s assumption of spatial relationships between/among the following signals/channels in each assumption considering which cell of Cell A or NES cell provides WUS config. and receives UL WUS.
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS

After reception of on-demand SIB1, if a UE which does not have any SIB1 information, e.g., a UE during initial cell selection after turning on, the UE needs to perform random access procedure. In legacy, PRACH is transmitted by RRC_IDLE/IACTIVE mode UE as Msg.1 for random access. As PRACH can be considered as candidate for WUS to trigger on-demand SIB1 transmission, it would be beneficial to study whether the UE wake-up procedure can be part of random-access procedure to reduce the initial access delay. 

Observation 1:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 

Proposal 8:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.    

3. Conclusion
In this contribution, we provided the following observations and proposals of on-demand SIB1 transmission for network energy saving.

Proposal 1:
· On target cell of UL WUS transmission, support option 1.  
Option 1: UE transmits UL WUS to NES Cell.
Proposal 2:
· On configuration provision for UL WUS transmission, better to proceed WUS design discussion before making decision on the indication approach.
Proposal 3:
· On identification of a NES cell with on-demand SIB1 operation, UE can identify whether a cell is a NES Cell or not by the indication from the cell itself. 
· Considering on which cell provides the UL WUS configuration, following two options are considered for identification of a NES cell with on-demand SIB1 operation. 
· Option 1: If a UE obtains the UL WUS configuration from NES Cell, the UE could identify the NES cell naturally by the UL WUS configuration. 
· Option 2: If a UE obtains the UL WUS configuration from Cell A, the UE could identify the NES cell by PBCH of NES cell. 
Proposal 4:
· WUS can be transmitted by the UE when at least following conditions are met.
· UE identifies a NES cell. 
· The received channel quality from the NES cell is larger than a pre-configured threshold.
Proposal 5:
· Two approaches of following can be considered for a UE to identify that whether gNB receives the UL WUS or not. 
· Option 1: UE receives an explicit response to the UL WUS requesting SIB1, which is sent prior to on-demand SIB1. 
· Option 2: UE tries to receive SIB1 after UL WUS transmission within a time window.  
Proposal 6:
· Support one of following on time property of on-demand SIB1 transmission after triggering. 
· Option 1: SIB1 transmission from time instance A until gNB turns off the SIB1 transmission.
· Option 2: SIB1 transmission within a time window, i.e., from time instance A with a transmission duration T.
· Option 3: SIB1 is transmitted N times after time instance A.
Proposal 7:
· Study the UE’s assumption of spatial relationships between/among the following signals/channels in each assumption considering which cell of Cell A or NES cell provides WUS config. and receives UL WUS.
· DL
· On-demand SIB1 PDCCH/PDSCH
· SSB
· UL
· UL WUS
Observation 1:
· There can be a typical situation where a UE triggers on-demand SIB1 and subsequently performs random-access procedure for initial access. 
Proposal 8:
· Study whether the wake-up procedure can be part of random-access procedure to reduce the initial access delay.   
· Study in which condition that wake-up procedure can be part of random-access procedure.    
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