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Introduction
In this contribution, we will discuss the scenarios and potential issues on on-demand SIB1 topic, our views will be given as well.    
Discussion
Deployment and Scenario
Deployment
For on-demand SIB1 cell deployment, the following heterogeneous network and homogeneous network shown in Figure 1 can be discussed. 
[image: ]
[bookmark: _Ref157613526]Figure 1: Heterogeneous network and homogeneous network
For heterogeneous network deployment, the small cell will only transmit SSB and the on-demand SIB1 of this small cell is transmitted only when it is triggered by Rel-19 NES UE to reduce network energy consumption. When legacy UE performs initial cell selection, this small cell in NES mode is not suitable for camping since no SIB1 is transmitted, the legacy UE could (re)select to macro cell. However, for homogeneous network deployment, there is a coverage hole for UE(s) in center of on-demand SIB1 cell( NES cell), UE could not perform camping/cell selection on this NES cell, how to deal with the coverage hole in on-demand SIB1 cell could be FFS if needed.
Proposal 1：On-demand SIB1 cell could be deployed in heterogeneous network as small cell, but FFS for homogeneous network because of the coverage hole.
Scenario:
In RAN1#116bis meeting, the following agreements on scenarios have been achieved.
	RAN1#116bis Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]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
· [bookmark: OLE_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A



In RAN2#125bis meeting, the following agreements on scenarios have been achieved.
	RAN2#125bis Agreements on on-demand SIB1:
At least RAN2 starts scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). Other scenarios are not excluded.


The following four scenarios in figure.2 are mentioned by majority in last meeting.  
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           Figure 2 Four scenarios for on-demand SIB1 request
· Scenario 1a: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the NES Cell MIB or pre-configuration;
· Scenario 1b: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the updated WUS configuration from the NES Cell, before which UE camps in NES cell from Cell A by scenario 2.
· Scenario 2: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the Cell A;
· Scenario 3:  UE transmit UL WUS to Cell A and receive on-demand SIB1 from Cell A, after obtaining the WUS configuration from the Cell A; 
· Scenario 4: UE transmit UL WUS to Cell A and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the Cell A.
Based on above agreement in RAN1, it can be seen that the scenario 4 of transmitting WUS to Cell A and receiving SIB1 from NES cell is not supported and excluded from the case 1/2/3 by RAN1, thus, the scenario 4, i.e., Option 2+B+X,  could be low-priority in RAN2 discussion. 
For the scenario 1 associated to RAN1 Case 1, in one scenario 1a, if it is used by NES cell separately, for example, if the UE is power on in the NES cell, the UE needs to obtain WUS configuration from the NES Cell MIB or pre-configuration, which could introduce extra enhancement on MIB and or pre-configuration. In another scenario 1b, if the UE gets the WUS configuration from Cell A and then camp on NES cell by Case 2( agreed scenario 1a at RAN2#125bis), based on the stored WUS configuration, UE could transmit WUS to NES cell and receive the on-demand SIB1 from NES cell if needed. If the WUS configuration of NES cell is changed, the UE could obtain the updated WUS configuration in NES cell SIB1 by SI modification procedure, then require on-demand SIB1 by updated WUS if needed. So the scenario 1b could be supported naturally after UE camping on NES cell from Cell A. 
Observation 1: It is natural for NES UE to obtain the updated WUS configuration by SI modification procedure in NES cell after UE camping on NES cell from Cell A, then, UE could receive the on-demand SIB1 by transmitting the updated WUS if needed.
For scenario 3 on Case 3, in our view, the NES cell could be power saving since it will not transmit the SIB1 to UE, but the Cell A will suffer more power consumption to transmit SIB1 of NES cell. Considering that SIB1 size is not small and SIB1 updating needs to be performed over Xn interface and in NES cell SI message, the procedure is complex. Moreover, the scenario 2(i.e., RAN2 scenario 1a/ RAN1 Case 2) is already agreed for reading on-demand SIB1, hence, this alternative scenario 3 could be low-priority.        
By above analysis, RAN2 could further considering the scenario 1 with WUS configuration updating by NES cell after UE camping NES cell from Cell A, the other scenarios could be low-priority.
Proposal 2: The following scenario could be low priority:
· Scenario 1a: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the NES Cell MIB or pre-configuration.
· Scenario 3: B:  UE transmit UL WUS to Cell A and receive on-demand SIB1 from Cell A, after obtaining the WUS configuration from the Cell A; 
· Scenario 4: UE transmit UL WUS to Cell A and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the Cell A.
Proposal 3: RAN2 could consider the following scenario:
· Scenario 1b: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the updated WUS configuration from the NES Cell, before which UE camps in NES cell from Cell A by scenario 2.
Issues on on-demand SIB1
In this section, the main issues associated to RAN2 are listed and discussed based on above scenarios for on-demand SIB1.
WUS configuration
The WUS configuration could be transmitted in the SIB from Cell A or from the NES cell if agreed. For Cell A, WUS configuration could be transmitted in legacy SIB or a new SIB. Considering that SIB1 is used to broadcast the basic information for UE camp or access to this cell, so it is suggested to include the WUS configuration in existing SIB other than SIB1 or in a new defined SIB.
Proposal 4: If the WUS configuration for NES Cell is broadcasted by normal cell, i.e. Cell A, it could be included in existing SIB other than SIB1 or in a new defined SIB.
If the UE access to the NES cell after obtaining the on-demand SIB1 message for data transmission, it is possible that the UE will be inactive/idle mode after the service is off and camp on the NES cell. During this period, if the WUS configuration is updated, the NES cell could configure it UE by RRC dedicated message, such as RRC release message. Besides, if the WUS configuration is updated by NES cell, the NES cell could transmit the updated WUS configuration in SIB1 and trigger the idle/inactive UE to read it by the SI modification procedure.
Proposal 5: If UE connects to the NES cell, the UE could obtain the WUS configuration by RRC dedicated message.
Proposal 6: If WUS configuration of NES cell is changed, the UE could obtain the updated WUS configuration in NES Cell SIB1 by SI modification procedure.
The condition to trigger the WUS
Based on RAN1#116bis meeting agreement, the conditions for triggering UL WUS transmissions is up to RAN2. According to TS 38.331, UE apply the SI acquisition procedure upon cell selection (e.g. upon power on),
cell-reselection, return from out of coverage, after reconfiguration with sync completion, after entering the network from another RAT, upon receiving an indication that the system information has changed and so on. The SI acquisition procedure includes the acquisition of MIB and SIB1 at least. In our view, we do not see any difference when NES UE is going on above conditions, such as cell selection and cell reselection, the NES UE should also apply the SI acquisition procedure. 
Proposal 7: The legacy conditions to trigger SI acquisition procedure such as, upon cell selection (e.g. upon power on), cell-reselection, return from out of coverage, after reconfiguration with sync completion, after entering the network from another RAT, upon receiving an indication that the system information has changed and so on, are reused as the condition to trigger the WUS.
For cell selection/reselection procedure, by the following procedure in TS 38.304, it can be seen that UE needs to obtain the cell status information during the cell selection/reselection procedure. If UE performs the cell selection/reselection without considering the cell status, it is risky that UE will be barred by the cell. So, the NES UE should align its behavior with legacy procedure, it shall check if the access is restricted or not before camping on the NES cell.
	TS 38.304
[bookmark: _Toc29245210][bookmark: _Toc37298556][bookmark: _Toc46502318][bookmark: _Toc52749295][bookmark: _Toc156304161]5.2.4.4	 Cells with cell reservations, access restrictions or unsuitable for normal camping

For the highest ranked cell (including serving cell) according to cell reselection criteria specified in clause 5.2.4.6, for the best cell according to absolute priority reselection criteria specified in clause 5.2.4.5, the UE shall check if the access is restricted according to the rules in clause 5.3.1.
[bookmark: _Toc46502336][bookmark: _Toc52749313][bookmark: _Toc156304183]5.3.1	Cell status 5.3.1	5.3.1	Cell status and cell reservations
<skip>
When cell status is indicated as "not barred" and "not reserved" for operator use and not "true" for other use and not "true" for future use,
-	UEs shall treat this cell as candidate during the cell selection and cell reselection procedures.
<skip>
When cell status "barred" is indicated or to be treated as if the cell status is "barred",
-	The UE is not permitted to select/reselect this cell, not even for emergency calls.
-	The UE shall select another cell according to the following rule:
<skip>


Observation 2: In legacy cell selection/reselection procedure, the UE shall check if the access is restricted for the highest ranked cell or the best cell.
Proposal 8: For cell selection/reselection, NES UE should align its behaviour with legacy procedure, i.e., it shall check if the access is restricted or not if NES cell is selected as the highest ranked cell or best cell.
Furthermore, for the access restriction, according above green part in 5.3.1 section of TS 38.304, UE needs to read the SIB1 to obtain the access information for operate use/other use/future use besides the barring information. Hence, for NES UE, it should send UL-WUS for on-demand SIB1 before camping on NES cell if NES cell is selected as the highest ranked cell or best cell.
Proposal 9: For cell selection/reselection, NES UE shall send UL-WUS for on-demand SIB1 to evaluate access restriction if NES cell is selected as the highest ranked cell or best cell.
According above specification description, the UE shall check the access restriction for highest ranked cell and for best cell, which is selected based on some criteria. For example, the below yellow rule is used to select the highest ranked cell for intra-frequency and equal priority inter-frequency cell reselection. In our view, the legacy criteria already consider the channel quality of NES cell if NES cell is selected as the highest ranked cell or the best cell, so legacy criteria could be reused by NES UE to reselect a suitable cell, which may be a NES Cell. 
	[bookmark: _Toc29245212][bookmark: _Toc37298558][bookmark: _Toc46502320][bookmark: _Toc52749297][bookmark: _Toc156304163]TS 38.304
5.2.4.6 	Intra-frequency and equal priority inter-frequency Cell Reselection criteria

In all cases, the UE shall reselect the new cell, only if the following conditions are met:
-	the new cell is better than the serving cell according to the cell reselection criteria specified above during a time interval TreselectionRAT;
-	more than 1 second has elapsed since the UE camped on the current serving cell.


Proposal 10: The legacy criteria on reselect a cell as highest ranked cell or best cell，such as NR Inter-frequency and inter-RAT Cell Reselection criteria, Intra-frequency and equal priority inter-frequency Cell Reselection criteria, could be reused by NES UE to reselect a suitable cell, which could be NES Cell.
The procedure on SIB1 transmission
Once network receive the WUS, it will transmit the on-demand SIB1 to UE. Legacy NR already supports RACH-based on-demand SI procedures, as shown in Figure 3.  For Msg1 based on-demand SI request, the UE requests SI by transmitting RA preamble in RA resource configured in SIB1, and receives an RAR acknowledging the SI request. For Msg3 based on-demand SI request, UE requests SI through RRCSystemInfoRequest in Msg3 and receives an acknowledgement of the request in Msg4.  The requested SI will be transmitted by based on its period and windows.


                                 
Figure 3  Msg1 and Msg3 based on-demand SI in NR
Based on RAN2 agreement, the Msg.1 based procedure is reused. For Msg.3 based method, since SIB1 dedicated SystemInfoRequest is needed and introduced new spec impact. So Msg.1 based on-demand procedure may be sufficient. 
	RAN2#125bis agreement：
Existing Msg 1 based on-demand procedure is reused for on-demand SIB1 acquisition procedure. FFS on Msg 3. FFS if / when the UE monitors the OD-SIB1 upon reception of RAR. FFS: whether introduce specified UE behavior if RACH failure of OD-SIB1 request.


For Msg.1 based method, after UE transmitting the preamble, a feedback from network is necessary to let UE know whether network agree to send the SIB1. The feedback could be the success RAR or indication from physical layer discussed in RAN1. When successful feedback is received, the UE could monitor the OD-SIB1 based on SIB1 transmission occasions for UE power saving. If this procedure is failed, the UE behavior should be specified since the SIB1 reading is important to UE camping.
Proposal 11: A feedback for Msg.1 based preamble transmission from network is needed, FFS the feedback is RAR or indication from physical layer discussed in RAN1.
Proposal 12: When successful feedback is received, the UE could monitor the OD-SIB1 based on SIB1 transmission occasions for UE power saving.
Proposal 13: UE behaviour should be specified if msg.1 based OD-SIB1 request is failed, FFS to the details.
Whether to camp on-demand SIB1 cell
Based on legacy procedure, UE could not camp on the NES cell due to being unable to acquire the SIB1, UE may exclude this cell as a candidate for cell selection/reselection for up to 300 seconds. For NES UE supporting the on-demand SIB function, obviously, it could obtain the SIB1 by triggering the WUS, so NES UE is able to camp on-demand SIB1 cell and trigger the RA procedure based on the RA configuration in SIB1 if needed. Otherwise, the legacy procedure needs to be clarified, then UE has to camp on the neighbor cell. The scenario for NES UE to access to NES cell from the camped neighbor cell is in handover procedure or the procedure of UE accessing to NES cell by contention-based RA. For the procedure of contention-based RA to NES cell, when UL data/paging is arriving, UE may need to perform the measurement and SIB1 request on NES for access, this could generate extra delay, the allowed camping on on-demand SIB1 cell could avoid this extra delay.
Proposal 14:  NES UE could camp on NES cell if available.
The impact to legacy UE and R19 non-NES UE
One important issue is the impact of on-demand SIB1 cell on legacy UE or Rel-19 non-NES UE. In our understanding, these UEs are disabled to request the SIB1 and can’t camp on the on-demand SIB1 cells. Even if the legacy UE could obtain the SIB1 occasionally when NES cell transmits the SIB1 for NES UE, the NES cell could set cellBarred in MIB and SIB1 to not allow legacy UEs or Rel-19 non-NES UEs camp. 
Proposal 15: Legacy UE or Rel-19 non-NES UE shall not camp on on-demand SIB1 cell.
However, since the SSB is always on in NES cell, the legacy UE or R19 non-NES UE need to perform measurement on the cell and consider it as barred for 300s, it is power consumption in extreme case that UE will perform measurement per 300s. So, RAN2 needs to discuss how to avoid the unnecessary measurement on NES cell by legacy UE or R19 non-NES UE.
Proposal 16: RAN2 needs to discuss how to avoid the unnecessary measurement on NES cell by legacy UE or R19 non-NES UE.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, the following observations and proposals are summarized as below:
Proposal 1：On-demand SIB1 cell could be deployed in heterogeneous network as small cell, but FFS for homogeneous network because of the coverage hole.
Observation 1: It is natural for NES UE to obtain the updated WUS configuration by SI modification procedure in NES cell after UE camping on NES cell from Cell A, then, UE could receive the on-demand SIB1 by transmitting the updated WUS if needed.
Proposal 2: The following scenario could be low priority:
· Scenario 1a: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the NES Cell MIB or pre-configuration.
· Scenario 3: B:  UE transmit UL WUS to Cell A and receive on-demand SIB1 from Cell A, after obtaining the WUS configuration from the Cell A; 
· Scenario 4: UE transmit UL WUS to Cell A and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the Cell A.
Proposal 3: RAN2 could consider the following scenario:
· Scenario 1b: UE will transmit UL WUS to NES cell and receive on-demand SIB1 from NES cell, after obtaining the updated WUS configuration from the NES Cell, before which UE camps in NES cell from Cell A by scenario 2.
Proposal 4: If the WUS configuration for NES Cell is broadcasted by normal cell, i.e. Cell A, it could be included in existing SIB other than SIB1 or in a new defined SIB.
Proposal 5: If UE connects to the NES cell, the UE could obtain the WUS configuration by RRC dedicated message.
Proposal 6: If WUS configuration of NES cell is changed, the UE could obtain the updated WUS configuration in NES Cell SIB1 by SI modification procedure.
Proposal 7: The legacy conditions to trigger SI acquisition procedure such as, upon cell selection (e.g. upon power on), cell-reselection, return from out of coverage, after reconfiguration with sync completion, after entering the network from another RAT, upon receiving an indication that the system information has changed and so on, are reused as the condition to trigger the WUS.
Observation 2: In legacy cell selection/reselection procedure, the UE shall check if the access is restricted for the highest ranked cell or the best cell.
Proposal 8: For cell selection/reselection, NES UE should align its behaviour with legacy procedure, i.e., it shall check if the access is restricted or not if NES cell is selected as the highest ranked cell or best cell.
Proposal 9: For cell selection/reselection, NES UE shall send UL-WUS for on-demand SIB1 to evaluate access restriction if NES cell is selected as the highest ranked cell or best cell.
Proposal 10: The legacy criteria on reselect a cell as highest ranked cell or best cell，such as NR Inter-frequency and inter-RAT Cell Reselection criteria, Intra-frequency and equal priority inter-frequency Cell Reselection criteria, could be reused by NES UE to reselect a suitable cell, which could be NES Cell.
Proposal 11: A feedback for Msg.1 based preamble transmission from network is needed, FFS the feedback is RAR or indication from physical layer discussed in RAN1.
Proposal 12: When successful feedback is received, the UE could monitor the OD-SIB1 based on SIB1 transmission occasions for UE power saving.
Proposal 13: UE behaviour should be specified if msg.1 based OD-SIB1 request is failed, FFS to the details.
Proposal 14:  NES UE could camp on NES cell if available.
Proposal 15: Legacy UE or Rel-19 non-NES UE shall not camp on on-demand SIB1 cell.
[bookmark: _GoBack]Proposal 16: RAN2 needs to discuss how to avoid the unnecessary measurement on NES cell by legacy UE or R19 non-NES UE.
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