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1 Introduction

RAN2 has so far discussed the basic procedure for system information (SI) transmission/acquisition. The SI update procedure is not yet discussed. In the contribution we discuss the SI update procedure in NR.

2 Discussion
2.1 SI Update in LTE

In LTE [1] SI change only occurs in radio frames of modification period. The modification period is configured by SI. SI change is notified through paging message (in RRC_IDLE or RRC_CONNECTED) with cause systemInfoModification to let UE know that some SI is changing in the next modification period. UE is not provided with the details of which SI is updated. Notification of changes in modification period N is reflected in N+1. This is shown in Figure 1, in which different colors indicate different SI. The UE applies the previously acquired SI until the UE acquires the new SI. 
SIB1 also carries value tag (i.e. systemInfoValueTag), that indicates if change has occurred in the SI messages. UEs may use systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid.
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Figure 1 Change of System Information
There are certain drawbacks in this approach of change notification. If a SIB is updated in a cell, all the UE’s camped to that cell are notified that there is change in SI. Based on this notification, UE does not know which SIB is updated. So, UE has to discard all the acquired SIBs and has to re-acquire all of them irrespective of whether UE is interested in the SIB which is updated or not. This leads to unnecessary power consumption at UE. This drawback is partly overcome in eMTC and NB-IoT for eMTC and NB-IoT UEs. 
Observation 1: On receiving the SI change notification in paging message, LTE UE needs to re-acquire all the mandatory SIBs.

For eMTC there is a common value tag (i.e. systemInfoValueTag) and there are also SI message specific value tags (i.e. systemInfoValueTagSI) in SIB1. The common value tag changes only when at least one of the SI message specific value tag changes. From eMTC UE perspective, after receiving SI change notification in paging message, UE reads the MIB and SIB1, and if common value tag included in the SIB 1 is different from the one of the stored SI and if SI message specific value tag is included in the SIB 1 for a specific SI message and is different from the stored one, the UE consider this specific SI message to be invalid and reacquires that SI message. Even if UE is not interested in updated SI message it has to acquire MIB and SIB 1 on receiving the SI change notification in paging message leading to UE power consumption.
Observation 2a: On receiving the SI change notification in paging message, eMTC UE needs to re-acquire at least MIB and SIB 1. 

Observation 2b: eMTC UE re-acquires the SI message if common value tag included in the SIB 1 is different from the one of the stored SI and if SI message specific value tag is included in the SIB 1 for a specific SI message and is different from the stored one.
NB-IOT has gone one step further for reducing UE power consumption by introducing the common value tag in MIB and SI message specific value tags in SIB1. The common value tag in MIB changes only when at least one of the SI message specific value tags in SIB1 changes. From NB-IoT UE perspective, after receiving SI change notification in paging message, UE reads the MIB and checks the common value tag in MIB. If the common value tag is changed then only UE reads SIB 1 and checks SI message specific value tag. If SI message specific value tag is included in the SIB 1 for a specific SI message and is different from the stored one, the UE consider this specific SI message to be invalid and reacquires that SI message. Even if UE is not interested in updated SI message it has to acquire MIB on receiving the SI change notification in paging message leading to UE power consumption.
Observation 3a: On receiving the SI change notification in paging message, NB-IOT UE needs to re-acquire at least MIB. 
Observation 3b: NB-IOT UE re-acquires the SIB 1 only if common value tag in MIB is changed. UE re-acquires the SI message only if SI message specific value tag is changed in SIB 1.

Table 1 summarises the information acquired by LTE/eMTC/NB IOT UE when SI is updated.

Table 1

	
	Information acquired by UE after receiving the SI update indication in paging message

	LTE UE
	· MIB

· SIB 1

· Other SIBs

	eMTC UE
	· MIB

· SIB 1 
· SI message (Only if SI message specific value tag is changed in SIB 1)

	NB IOT UE
	· MIB
· SIB 1 (Only if common value tag in MIB is changed)

· SI message (Only if SI message specific value tag is changed in SIB 1)


2.2 Selective SI Update in NR

In NR, it is agreed that UE in RRC IDLE and RRC INACTIVE state will monitor paging every DRX cycle. So, the simplest way to notify the UEs about the SI update is by signaling SI update using paging message. UE checks for SI update notification in its paging occasion every DRX cycle.
Proposal 1: SI update is notified through paging message. UE checks for SI update notification in its paging occasion every DRX cycle.
UE acquiring all MIB/SIB1/SI messages after receiving SI update indication in paging message is not desirable for UEs power consumption. UE power consumption can be minimized if UE reacquires only the SIBs which are updated. So we propose that, in order to reduce the UE power consumption, SI update procedure in NR should enable a UE to reacquire only the SIB (s) which is updated. 

The paging message can indicate which SIB or set of SIBs are updated so that UE can immediately go to sleep if UE is not interested in updated SIB(s). UE does have to read the minimum SI (MSI) to identify which SIBs are updated. Note that in legacy system, UE still has to read MIB/SIB1 to determine the changed SIB(s). If UE is interested in updated SIB(s) notified in paging message, it has to read the MSI to check the SI-valuetag associated with the SIB which is updated. If the UE already has the stored configuration corresponding to SI-index or SI-valuetag, UE does not need to re-acquire the updated SIB. 

Proposal 2: Paging message indicates which SIB(s) are updated.


Paging message may also include the value tag associated with each SIB which is updated. If the UE already has the stored configuration corresponding to value tag, UE does not need to read the MSI to check the value tag associated with the SIB which is updated and can immediately go to sleep.
Proposal 3: Paging message may also include the SI-index or SI-valuetag associated with each SIB which is updated.
2.3 Modification Period in NR

The concept of modification period to notify and to change the SI in LTE can also be reused in NR. When the network changes (some of the) SI, it first notifies the UEs about this change, i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated SI. Upon receiving a change notification, the UE acquires the new SI immediately from the start of the next modification period. Modification period configuration is provided in MSI.

Proposal 4: The concept of modification period to notify and to change the SI is used in NR similar to LTE. 

Proposal 5: Notification of changes in modification period N is reflected in N+1. Modification period configuration is provided in MSI.
2.4 Immediate SI update in NR

In LTE, the paging message can have four change notification IEs. The characterization for each notification is summarized in the table 2 below. 
Table 2
	Notification IE in paging
	Relevant to non-access control
	Relevant to access control
	Relevant to CMAS/ETWS
	Update behavior

	CMAS-indication
	No
	No
	Yes (SIB 12)
	Immediate

	ETWS-indication
	No
	No
	Yes (SIB 10/SIB11)
	Immediate

	eab-ParamModification
	No
	Yes (SIB 14)
	No
	Immediate

	systemInfoModification
	Yes
When SIB2/3/4/5/6/7/8... updated
	Yes
when access control parameter in SIB 1 is updated
	No
	Update at the boundary of MP


From the table 2, we can make the following observations:
Observation 4: The ETWS/CMAS notifications are notified in the paging message using CMAS-indication or ETWS-indication. On receiving the notification UE updates immediately. 
Observation 5: The access control related update notification is notified in the paging message using either eab-ParamModification or systemInfoModification depending on which access type is affected. Either immediate update or modification period (MP)-based update is applied.

Observation 6: All other updates are notified in the paging message using systemInfoModification. Modification period (MP)-based update is applied.
For the ETWS/CMAS notification in NR, it was agreed in last meeting [3] that UE shall immediately update the relevant SI upon receiving the notification (without delaying until the next modification period). For access control related update notifications, as in LTE, either immediate update or MP-based delayed update shall be possible depending on the target category of the updated SI. To design forward-compatible SI update procedure, two aspects (which type of information is changed and how that information should be updated) should be signaled independently. Also, since RAN2 will design the category-based access control parameters, it seems efficient to indicate the category requiring either the immediate SI update or update at the boundary of MP.

Proposal 6: The access control related notification is signaled with the target category and the required update behavior.
Even though there is not explicit requirement for non-access control parameter change to be immediately updated, we can also consider introducing the same IE for update behavior as that of access control parameter change in order to be consistent with access control parameter update.  It seems reasonable to indicate SIB as like in indicating the category.
Proposal 7: RAN2 to discuss how to notify an update for the non-access control configuration (e.g. the update behavior is signaled for each updated SIB in addition to change notification). 
2.5 Update of On-Demand SI in NR

For updating the SI which is provided on demand (i.e. not periodically broadcasted), network first notifies the UEs about the update in modification period N. In the N+1th modification period, network transmits the updated SI. UE does not need to transmit SI request. UE monitors the SI windows of the concerned SI during the N+1th modification period to receive the updated SI.

Proposal 8: For updating the SI which is provided on demand (i.e. not periodically broadcasted), network first notifies the UEs about the update in modification period N. In the N+1th modification period, network transmits the updated SI. 
·  UE does not transmit SI request to receive the updated SI. UE monitors the SI windows of the concerned SIB during the N+1th modification period to receive the updated SI.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: SI update is notified through paging message. UE checks for SI update notification in its paging occasion every DRX cycle.
Proposal 2: Paging message indicate which SIB(s) are updated.

Proposal 3: Paging message may also include the SI-index or SI-valuetag associated with each SIB which is updated.
Proposal 4: The concept of modification period to notify and to change the SI is used in NR similar to LTE. 

Proposal 5:  Notification of changes in modification period N is reflected in N+1. Modification period configuration is provided in MSI.
Proposal 6: The access control related notification is signaled with the target category and the required update behavior.
Proposal 7: RAN2 to discuss how to notify an update for the non-access control configuration (e.g. the update behavior is signaled for each updated SIB in addition to change notification). 
Proposal 8: For updating the SI which is provided on demand (i.e. not periodically broadcasted), network first notifies the UEs about the update in modification period N. In the N+1th modification period, network transmits the updated SI. 
·  UE does not transmit SI request to receive the updated SI. UE monitors the SI windows of the concerned SIB during the N+1th modification period to receive the updated SI.

4 References

[1] 3GPP TS 36.331 V 14.0.0, RRC Protocol Specification
[2] RAN2 #98 chairman notes

[3] RAN2 #99 chairman notes
RAN2 #98 Agreements [2] 


There will be at least a value tag and area ID. Value tag is associated to each SIB. Value tag can be valid in only one cell or when combined with an area ID to be valid in more than one cell.
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