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Introduction
In the last RAN2 meeting, the following agreement on on-demand SI in RRC_CONNECTED state were made.
	Agreements:
	The on-demand SI request message sent by the UE in RRC_CONNECTED is per SIB. A single message can request multiple SIBs.
	For SIBs that need change notification, Rel-15 approach in NR for SI change notification is re-used for on-demand SI request in Rel-16
	Upon receiving the on-demand SIB request by the UE, the network responds with an RRCReconfiguration message that includes the requested SIBs (if these are send via dedicated signalling) but no indication about which SIBs are broadcasted.
	no mechanism (e.g., prohibit timer) to limit the UE of triggering the on-demand SI procedure too frequently while in RRC_CONNECTED is supported
	it is up to network implementation to make sure that the size of a message containing requested SIBs does not exceed the PDCP SDU limitation in NR of 9000 bytes
	For now we leave positioning out, it seems unclear whether the above it applicable for positioning, to be ironed out in the positioning session.


In this contribution, we further discuss on-demand SI for RRC_CONECTED UE.
Compared to the previous version, the following change is made:
· Removed the previous proposal 1.
· Add SI request enhancement discussion for RRC_CONNECTED on-demand SI (section 2.2. and proposal 6)
Discussion
SI update issue
In Rel-15, NR specifies UE how to obtain updated SIB1 and SI message in RRC_CONNECTED state. UE in RRC_CONNECTED could obtain updated SIB1 by receiving broadcast if its active DL BWP is configured with common search space searchSpaceSIB1 and pagingSearchSpace and it has received an indication about change of system information, or by receiving dedicated signalling from network. For OSI, UE is in RRC_CONNECTED could obtain updated SI message by receiving broadcast if its active DL BWP is configured with common search space searchSpaceOtherSystemInformation and pagingSearchSpace and SIB1 indicates this SI change, or by receiving dedicated signalling from network (only supporting SIB6-SIB8). 
Observation 1: Rel-15 has two mechanism to support SI update in RRC_CONNECTED: 1) system information change notification in paging if there is CSS configuration in the DL active BWP; 2) Network transmits updated system information directly to UE by dedicated signalling.
In the following, we discuss SI update in RRC_CONNECTED in Rel-16 by considering two scenarios with distinguishing whether there is CSS configuration to receive paging and system information on the active BWP or not.
SI update with CSS configuration
The first scenario is that there is CSS configuration in the active DL BWP for the UE. In this scenario, CSS configuration for paging, SIB1 and OSI is configured in the active DL BWP. When SIB1 or OSI changes, the network would transmit SI change notification by paging, and UE could receive the updated SIB1 and updated OSI by receiving SI broadcasting. Therefore, the current SI update mechanism could work for scenario. Therefore, it is proposed that the current SI update mechanism could be reused if there is CSS configuration in the DL active BWP
Proposal 1: If there is CSS configuration in the active DL BWP, the SI update mechanism, in which UE obtains updated SIB1 and updated SI by receiving SI broadcast after receiving SI change notification in paging, could be reused to handle SIB1 and OSI change.
SI update without CSS configuration
Another important scenario is the case when the CSS is not configured. Since on the PCell of the UE, multiple DL BWPs can be configured to UE but common search space of paging and system information may not be configured in its active DL BWP. In this scenario, UE only can obtain updated SI message by dedicated signalling due to no CSS configuration. SI update can be discussed in the two cases of SIB1 change and OSI change. In this section, we discuss this two cases, respectively.
For the first case of SIB1 change, if the content of SIB1 changes (not including the case of valueTag change caused by the change of OSI content), the network could transmit updated SIB1 to all connected UEs by dedicated RRC signalling, i.e., the current SI update mechanism could work for SIB1 update. Hence, the mechanism of transmitting updated SIB1 by dedicated signalling could reused in Rel-16 to handle SIB1 change.
Proposal 2: For SIB1 update, if there is no CSS configuration in the active DL BWP, mechanism of transmitting updated SIB1 by dedicated signalling could reused.
For the second case of OSI change, we take SIBx as an example to analyse the change of OSI with considering two cases: 
· Case 1: UE has stored SIBx before entering RRC_CONNECTED state;
· Case 2: UE has stored SIBx by on-demand SI in RRC_CONNECTED state.
Both in case 1 and case 2, UE will not know whether its stored SIBx has changed or not. Although the network could transmit updated SIBx to some UEs who ever requested SIBx by network implementation in case 2, network doesn’t know when to stop this. Actually, UE may just need SIBx for a certain time. Furthermore, the network transmitting updated SIBx to UE may leads to that UE stored valueTag of SIBx doesn’t align with valueTag of SIBx in networkd side. 
Observation 2: UE will not know whether its stored OSI has changed or not if there is no CSS configuration in the current active BWP and network implementation could not solve it.
To deal with this issue, we discuss the OSI change notification and updated OSI delivery, respectively.
OSI change notification
An OSI change notification method was proposed in the last meeting [1]. This method delivers updated SIB1 to all connected UEs by dedicatedSIB1-Delivery every time SI change to notify UE SI change by valueTag of OSI in SIB1. After receiving updated SIB1, UE could know which SIBs change according to the valueTags in SIB1. This method could work without large specification modification. 
However, considering that the size of SIB1 may be up to 3000bits and the number of SIBs will be large in Rel-16, it is very resource-consuming to transmit entire SIB1 to all connected UEs every time SI change. A possible alternative is to transmit updated SIB1 to UEs only when the content of SIB1 changes and just transmit a valueTag list of OSI to UEs when the content of OSI changes. After receiving valueTag list, UE could know which SIBs change. In this way, the resources could be saved. 
Based on the above discussion, the SI change notification mechanism can be summarized as follows:
· Method 1: delivers updated SIB1 to all connected UEs by dedicatedSIB1-Delivery every time SI change.
· Method 2: transmit a valueTag list of OSI to all connected UEs when the content of OSI changes.
Table 1 summaries the advantages and disadvantages of the three methods.
Table 1 Analysis of OSI change notification methods when CSS is not configured
	
	Resource efficiency
	Specification impact

	Method 1
	· Transmit entire SIB1 to all connected UE every time SI change
· Transmit updated OSI to UE after UE request
	· No ASN.1 impact
· Some procedure impact

	Method 2
	· Transmit just the valueTag list of OSI to all connected UEs when the content of OSI changes
· Transmit updated OSI to UE after UE request
	· Define a message or reuse other message to carry valueTag list
· Some procedure impact


Comparing these two methods, we think method 2 is a better option. Hence, we propose the following:
Proposal 3: For SI change notification for OSI, if there is no CSS configuration under the active DL BWP, a RRC message including the valueTag information for the OSI is sent to the UE.
Updated OSI delivery mechanism
By the two methods, UE could find whether interested OSI has changed and update it by transmitting SI request via dedicated signalling, which we have agreed during the last meeting. Then, the network delivery updated OSI to UE by dedicated signally as a response. The next question is how the updated OSI is delivered.
One approach (Method I) is that whenever SI changes, and network sends the SIB change indication to the UE. Then, with the SI change indication, the UE request its interested SI and the network delivers the SI to the UE via dedicated signalling. And after this, whenever there is a change in SI, this interchange of signalling needs to be performed again. This approach is illustrated in the following figure 1. 


Figure 1, SI delivery method I 
In fact, after receiving SI request from UE, gNB could know which SIBs those UE concern. Once those SIBs change again, the network could delivery updated SIBs to those UE directly without transmitting updated SIB1 or valueTag list again. By this, the signalling of transmitting SIB1 or valueTag list to the UE and UE transmitting SI request to gNB could be saved. 
In the broadcast of positioning system information in LTE, valueTag is added to each positioning SIB such that when receiving the SIB, the UE can know what the current version of SIB is. When the network transmit updated OSI to UE, the new valueTags also should be delivered to UE together with corresponding SIBs to ensure the alignment of valueTag of a SIB between network and UE. Furthermore, considering UE may just need some OSI for a certain time, it will be very wasting to transmit updated OSI to UE always even UE hasn’t needed them. So, a SI stop indication could be used to tell network which SIBs it does not need any more. This could be called subscribing/unsubscribing SIB mechanism, as shown in Fig.2. This mechanism has higher resource efficiency the current mechanism of delivering updated OSI. 

Figure 2, OSI delivery Method II
With the above discussion, we make the following proposal:
Proposal 4: After knowing which SIBs UE concerns, network could transmit updated SIBs and new valueTags to UE directly without transmitting OSI change notification. 
Proposal 5: A SI stop indication message should be sent to the network when the UE no long needs some SIBs anymore after the SI request.  
SI request enhancement
According to the agreements:
	Upon receiving the on-demand SIB request by the UE, the network responds with an RRCReconfiguration message that includes the requested SIBs (if these are send via dedicated signalling) but no indication about which SIBs are broadcasted.
How the network decides whether to send the request SIBs via dedicated signalling or broadcast signalling is still an open issue. The straight-forward way is to leave this to network implementation. For example, if only one UE or very little UEs request a specific SIB, the network can send that SIB to the requested UE via dedicated signalling, otherwise, i.e. more one or a specific number UEs request a specific SIB, via broadcast signalling.
However, on one hand, the on-demand SI request message sent by the UE in RRC_CONNECTED is per SIB, but the network will send the SI including the requested SIB if the network sends the requested SIB via broadcast signalling, which may result in unnecessary reception and update of other SIBs.
On the other hand, the UE may have to keep monitoring the PDCCH after the SI request if it doesn’t know if the network will send the request SIB via dedicated signalling or not. And if the network decides to send the SIB via broadcast signalling, in the worst case, the UE may have continued PDCCH monitoring (t+SI window length) as shown in Figure 3, which will be harmful for the UE power consumption. 


Figure 3, SIB request for power saving UE

So, it is suggested that the UE can indicate its preference in the SI request message that the network sends the request SIB via dedicated signalling. There is limited specification impact, because we have agreed to define a new message for SI request in RRC_CONNECTED according the agreements in RAN2#107 meeting: 
2	Define new UL-DCCH message for SI request in RRC_CONNECTED.
Proposal 6: The UE indicates a preference of dedicated signalling transmission for the request SIB in the SI request message. 
Conclusion
In this contribution, we further discussed on-demand SI in RRC_CONNECTED, and we get the following observations proposals:
Observations:
Observation 1: Rel-15 has two mechanism to support SI update in RRC_CONNECTED: 1) system information change notification in paging if there is CSS configuration in the DL active BWP; 2) Network transmits updated system information directly to UE by dedicated signalling.
Observation 2: UE will not know whether its stored OSI has changed or not if there is no CSS configuration in the current active BWP and network implementation could not solve it.
Observation 3: after knowing which SIBs change by OSI change notification, UE could obtain updated OSI by requesting them via dedicated signalling.
Proposals:
Proposal 1: if there is CSS configuration in the active DL BWP, the SI update mechanism, in which UE obtains updated SIB1 and updated SI by receiving SI broadcast after receiving SI change notification in paging, could be reused to handle SIB1 and OSI change.
Proposal 2: For SIB1 update, if there is no CSS configuration in the active DL BWP, mechanism of transmitting updated SIB1 by dedicated signalling could reused.
Proposal 3: For SI change notification for OSI, if there is no CSS configuration under the active DL BWP, a RRC message including the valueTag information for the OSI is sent to the UE.
Proposal 4: After knowing which SIBs UE concerns, network could transmit updated SIBs and new valueTags to UE directly without transmitting OSI change notification. 
Proposal 5: A SI stop indication message should be sent to the network when the UE no long needs some SIBs anymore after the SI request.  
Proposal 6: The UE indicates a preference of dedicated signalling transmission for the request SIB in the SI request message. 
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