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Introduction
[bookmark: _GoBack]For NES on-demand SIB1 topic, the WID content is as follows:
	Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
0. Triggering method by uplink wake-up-signal using an existing signal/channel.
0. Wake-up-signal configuration provisioning to UE 
1. Note: No modification of SSB will be discussed under this objective
0. Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
0. Checkpoint for normative work in RAN#105


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:
According to the discussion, several scenarios has been proposed and discussed in RAN1. The agreement on scenarios in RAN1 is as follows:
	RAN1#116 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


Generally speaking, various scenarios are proposed based on RAN1 discuss, the main scenarios are as follows:
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           Figure 2 Four scenarios for on-demand SIB1 request
· Scenario 1: 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 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.
The impact from above scenarios is shown in the table, which supports the general case that inactive/idle UE obtains WUS configuration at the first time.
	Scenario\Impact
	NES cell 
	Cell A 
	Xn
	Delay to on demand SIB1

	1
	MIB enhancement/pre-configuration;
WUS receiving and SIB1 transmission
	N/A
	N/A
	Normal

	2
	WUS receiving and SIB1 transmission
	WUS configuration in SIB;
	Exchange of WUS configuration 
	Normal 

	3
	N/A	
	WUS configuration in SIB;
WUS receiving and SIB1 transmission
	Exchange of SIB1 and updating



	Normal

	4
	SIB1 transmission 

	WUS configuration in SIB;
WUS receiving over Uu
	SIB1 triggering receiving/transmission 

	Extra delay over Xn to trigger SIB1 transmission


By above table, the Scenario 1 will introduce MIB enhancement or pre-configuration for WUS, which will have important impact to MIB or WUS resource design(maybe RA resource) by pre-configuration, which is complex and not desired. Scenarios 2 could guarantee the delay requirement in the case that NES UE needs to access the network, the overhead over Xn for WUS configuration could be acceptable. Scenario 3 will introduce the SIB1 transmission over Xn interface, it will lead to extra SIB1 transmission and updating over Xn, note that the SIB1 transmission over Xn can also be after receiving WUS, which may introduce extra delay to transmit NES Cell’s SIB1. Scenario 4 needs NES cell transmit SIB1 based on Xn indication other than WUS in Uu, but for other scenario, the SIB could be transmitted by legacy on demand SI procedure. In conclusion, the scenario 1 is low priority, scenario 2/3/4 could be FFS.
Proposal 2: The following scenario could be low priority:
· Scenario: 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.
Proposal 3: The following scenarios could be further discussed based on the impact to on-demand SIB1 transmission delay/the procedure of WUS receiving and SIB1 transmission over Uu/ the information exchange over Xn:
· A: 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;
· 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; 
· C: UE transmit UL WUS to Cell A and receive on-demand SIB1 from NES cell, after obtaining the WUS configuration from the Cell A.
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 MIB 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 to other SIBx or a new SIB.
Proposal 4: If the WUS configuration for NES Cell is broadcasted by normal cell, 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.
Proposal 5: If UE connects to the NES cell, the UE could obtain the WUS configuration by RRC dedicated message.
Generally the WUS configuration could be cell specific or cell group specific. RAN1 already discussed it but not concluded. RAN2 could further give comment on this issue. In our view, the cell group specific WUS configuration will not lead to the WUS conflict. The reason is, WUS signal will be transmitted to target cell with cell specific beam, and the time synchronization used by WUS is different among NES cells, the other NES cells could not correctly receive the WUS signal for target NES cell. Besides, the cell group specific WUS configuration is more flexible, the group size could be set to 1 to include the cell specific configuration.
Proposal 6: WUS configuration could be cell group specific unless RAN1 do not agree. 
The condition to trigger the WUS
	RAN1#116 Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.


Based on RAN1#116 meeting agreement, RAN1 will discuss the trigger condition for WUS, in our understanding, the following conditions could be used to trigger WUS:
· The channel quality of  NES cell is higher than a threshold
· The channel quality of  Cell A(non NES cell) is lower than a threshold
· The network enable UE to trigger the WUS signal
· UE implementation
Obviously, if it is UE implementation to trigger the WUS, UE may trigger the WUS intentionally, it will lead to unnecessary NES cell turning on and network power consumption. Hence, UE implementation option is excluded and FFS for other conditions, such as the channel quality of NES cell or camping cell (Not NES cell).
Proposal 7: In order to avoid unnecessary SIB1 transmission and network power consumption, UE implementation is excluded from the conditions to trigger WUS, FFS for other conditions, such as the channel quality of NES cell or camping cell (Not NES cell).
Furthermore, it is possible that multiple on-demand SIB1 NES cell could stratify the conditions to trigger WUS, UE needs to selected one NES cell to transmit the WUS based on some rule, such as considering the channel quality of NES Cell.
Proposal 8: RAN2 needs to discuss the rule to select a suitable NES cell to transmit the WUS if multiple NES cells satisfy the condition for WUS triggering.
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
In order to reduce the impact to spec, the legacy mechanism could be considered as the baseline for further studied.
Proposal 9: The legacy Msg1 and Msg3 based on-demand SI procedure are the baseline for on demand SIB1 transmission.
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. But, NES cell needs to transmit paging message if the camp is allowed, which will introduce network energy consumption. RAN2 needs to discuss whether NES UE is allowed to camp on on-demand SIB1 cell if available.
Proposal 10:  RAN2 needs to discuss whether NES UE could camp on on-demand SIB1 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. 
Observation 1: 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 11: 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, we propose:
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.
Proposal 2: The following scenario could be low priority:
· Scenario: 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.
Proposal 3: The following scenarios could be further discussed based on the impact to on-demand SIB1 transmission delay/the procedure of WUS receiving and SIB1 transmission over Uu/ the information exchange over Xn:
· A: 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;
· 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; 
· C: 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 4: If the WUS configuration for NES Cell is broadcasted by normal cell, 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: WUS configuration could be cell group specific unless RAN1 do not agree. 
Proposal 7: In order to avoid unnecessary SIB1 transmission and network power consumption, UE implementation is excluded from the conditions to trigger WUS, FFS for other conditions, such as the channel quality of NES cell or camping cell (Not NES cell).
Proposal 8: RAN2 needs to discuss the rule to select a suitable NES cell to transmit the WUS if multiple NES cells satisfy the condition for WUS triggering.
Proposal 9: The legacy Msg1 and Msg3 based on-demand SI procedure are the baseline for on demand SIB1 transmission.
Proposal 10:  RAN2 needs to discuss whether NES UE could camp on on-demand SIB1 cell if available.
Observation 1: Legacy UE or Rel-19 non-NES UE shall not camp on on-demand SIB1 cell.
Proposal 11: 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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