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1 Introduction

Mechanism of SI delivery includes three aspects, i.e. SI scheduling, SI change notification, and SI update. Some agreements have been achieved in RAN2#96 [1], i.e.

· SI scheduling

· 1: The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
· 2:
UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
· 3:
The SI transmission window in LTE is baseline for NR.
· 4: The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 
· FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
· SI validity check and SI change notification

· SI update

· In legacy LTE, UE updates SI according to the schedulingInfoList included in SIB1

· 5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
In this paper, we first review the existing methods in LTE and propose to adopt the same SI broadcast for NR, then enhancements on SI change notification and on demand broadcast are introduced for unicast SI.
2 Discussion

2.1 Legacy Procedure for System Information Change Notification 
In legacy LTE, UE triggers system information update when UE finds that the stored system information is invalid

· Case 1. Value tag check
· UE finds that the broadcasted systemInfoValueTag is different from the UE stored systemInfoValueTag.
· Case 2. Receives change notification through paging message or Direct Indication Information
· Case 3. Timer expires since the latest SI validity check
In LTE, system information is updated on a per modification period basis, i.e. the system information broadcasted in the same modification period is the same. When the network changes (some of the) system information, it first notifies the UEs about this change, i.e. this may be done throughout a modification period, and UE expects to receive the updated system information in the start of the next modification period. Figure 1 illustrates the concept of modification period.
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Figure 1: Figure 5.2.1.3-1 Change of system Information in TS 36.331
Table 1 summarizes the type of SI change notification and corresponding SI update procedure / timing.
Table 1. Legacy SI change notification and its corresponding SI update procedure / timing
	SI change notification
	Content of change
	SI update procedure
	SI update timing

	1. Paging message

2. Or Direct Indication Information for BL UEs or UEs in CE or NB-IoT UEs 
	systemInfoModification if DRX cycle is smaller than or equal to the modification period
	· Acquire MIB

· Acquire SIB1 for schedulingInfoList

· Acquire SIBs
· As specified in Sec 5.2.2.3 of TS 36.331
	From the beginning of the modification period following the one in which the change notification was received

	
	systemInfoModification-eDRX if DRX cycle is smaller than or equal to the modification period
	
	From the next eDRX acquisition period boundary

	
	· cmas-Indication 

· etws-Indication

· eab-ParamModification
	
	Upon receiving paging message


With the concept of modification period, the frequency for UE to check possible system information is significantly reduced, i.e., UE only needs to check once for possible change of SI in each modification period. Since the concept of modification period works well in LTE, we think modification period should also be applied in NR SI delivery.

Observation 1. In legacy LTE, the concept of modification period works well to prevent UE’s frequent check for possible SI change.

Proposal 1. NR SI broadcast adopts Modification Period. 
In addition, the legacy design of SI change notification through paging message as listed in Table 1 can also be applied to NR.

Proposal 2. NR SI broadcast adopts SI change notification through paging. 
2.2 Enhancement for System Information Value Tag
As agreed in RAN2#96 [1], minimum SI carries the information of OSI including SIB types and validity information.

1: The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
In legacy LTE, SI validity information is the systemInfoValueTag in SIB1, which has a changed value when any SI has an updated configuration. If we apply this in NR, UE always need to trigger SI acquisition procedure to re-acquire all system information when SI value tag changes, because UE cannot ensure that whether the change of systemInfoValueTag is due to the change of essential SI or the change of other SI. For unicast SI, this results in unnecessary SI request and waste UE power.
Therefore, it is expected to have SI-type specific systemInfoValueTag at least for unicast SI, which could be similar to the design of systemInfoValueTagSI in NB-IoT. In this way, if the changed SI is an OSI which is not interesting / necessary to the UE, e.g. the changed OSI is unrelated to the services UE use, then UE needs not perform SI acquisition procedure. If the requested OSI is delivered on demand, reducing unnecessary SI acquisition could reduce signalling overhead for on-demand SI delivery and thus eliminate UL load and possible UL congestion. 
Observation 2. SI specific systemInfoValueTag could reduce UEs’ SI re-acquisition for unnecessary OSI update, especially for unicast SI.
Proposal 3. NR SystemInfoValueTag is SI-specific.
2.3 Enhancement for System Information Change Notification
2.3.1 Reduce redundant SI re-acquisition for uninterested OSI
In legacy LTE, the paging message uses systemInfoModification to inform UE of system information modification. However, from systemInfoModification UE does not know which system information is changed, and thus it always needs to perform SI acquisition procedure even if the changed SI is the OSI UE is not interested in. 
In view of this, we propose to indicate the modified SI / SI group ID in paging message. If paging message indicates the changed OSI type, UE can decide not to perform unnecessary SI re-acquisition if the changed OSI is not interesting to the UE, e.g. the changed OSI is unrelated to the services UE use. 

Observation 3. Without SI-specific systemInfoModification in paging message, UE will unnecessarily perform SI acquisition procedure even if the changed SI is an OSI which is not required by /interesting to the UE.
Proposal 4. NR SI change notification in paging message is SI-specific. 
When a specific change notification is used for unicast SI, there is no need for UE to wait for next modification period to trigger SI request. UE can immediate trigger SI request and only applies it in the next modification period. The benefit of doing so is to alleviate the UL congestion due to SI request at the beginning of the next modification period. Therefore, it is proposed that network can indicate whether UE can trigger SI request right away after change notification.
Proposal 5. Network indicates whether UE can immediately trigger SI request for unicast SI.
2.3.2 Reduce UL Congestion by On-demand Broadcast 
As addressed in [2], there is a concern of resulting UL congestion when many UEs initiates their on-demand SI request at the same time.
The situation of UL congestion due to OSI update is illustrated in Figure 2. According to legacy SI update procedure, after receiving SI change notification UE perform SI acquisition procedure in the start of the next modification period. If in the start of the next modification period, UE check the scheduling information of OSI in minimum SI and find that the desired OSI is delivered on demand, they will initial their on-demand SI procedure at similar time. In other words, SI requests will be concentrated in the start of a modification period, and thus causes UL congestion.
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	Figure 2. Illustration of UL congestion due to surging SI requests from on-demand unicast


Observation 4. When unicast SI is updated, many UE may trigger SI request at the same time and cause UL congestion.
To reduce possible UL congestion due to SI update for on-demand SI, gNB could consider on-demand broadcast scheme as illustrated in Figure 3. To be specific, when an on-demand OSI is updated, gNB has an exemplary procedure as below:

STEP 1. Indicate SI change notification of the on-demand SI in modification period n.

STEP 2. In modification period n+1, gNB periodically broadcast the OSI for a period or for several times

STEP 3. gNB stops broadcasting, and new arrival UEs who need the OSI should trigger SI request.
The intention for gNB to periodically broadcast the OSI after SI change is that many UE may need to update SI after SI change. By proactively broadcasting OSI, UE can derive the updated OSI without generating SI request traffic, and thus the risk of UL congestion could be reduced. After a period of or several times of broadcast, it is expected that most UE in need has updated the OSI, and thus the OSI could be returned to be on demand provided. We refer this scheme as on-demand broadcast because the OSI is broadcasted only when events such as SI update happen.
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	Figure 3. On-demand broadcast scheme


Observation 5. On-demand broadcast eliminates UL congestion coming from numerous or bursty on-demand SI requests.
Proposal 6. Network can configure on-demand broadcast for unicast SI to alleviate SI request congestion after new SystemInfoValueTag in MSI.
Proposal 7. Stop on demand broadcast is not considered as SI change, i.e. UE already has the SI does not trigger SI request.
3 Conclusion

RAN2 has agreed SI window in LTE as the baseline for NR. Considering the design of SI broadcast scheme, we think the concept of modification period should also be the baseline for NR to reduce redundant check of SI change. In addition, we propose enhancement in value tag and notification change to reduce unnecessary SI acquisition and UL congestion due to intensive SI requests.
We have following observations and proposals:
Observation 1. In legacy LTE, the concept of modification period works well to prevent UE’s frequent check for possible SI change.

Proposal 1. NR SI broadcast adopts Modification Period. 
Proposal 2. NR SI broadcast adopts SI change notification through paging. 
Observation 2. SI specific systemInfoValueTag could reduce UEs’ SI re-acquisition for unnecessary OSI update, especially for unicast SI.
Proposal 3. NR SystemInfoValueTag is SI-specific.
Observation 3. Without SI-specific systemInfoModification in paging message, UE will unnecessarily perform SI acquisition procedure even if the changed SI is an OSI which is not required by /interesting to the UE.
Proposal 4. NR SI change notification in paging message is SI-specific. 
Proposal 5. Network indicates whether UE can immediately trigger SI request for unicast SI.
Observation 4. When unicast SI is updated, many UE may trigger SI request at the same time and cause UL congestion.
Observation 5. On-demand broadcast eliminates UL congestion coming from numerous or bursty on-demand SI requests.
Proposal 6. Network can configure on-demand broadcast for unicast SI to alleviate SI request congestion after new SystemInfoValueTag in MSI.
Proposal 7. Stop on demand broadcast is not considered as SI change, i.e. UE already has the SI does not trigger SI request.
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