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1. Introduction
This paper is a resubmission of R2-1712769. Only the introduction part has been updated. 
In RAN2 #98 meeting, it was agreed that on demand SI is broadcasted according to the request. For system information update, it has not been widely discussed in RAN2. In RAN2#99 meeting, ETWS/CMAS indication and acquisition have been discussed and agreed. In this paper, we will discuss system information change notification and update procedure in NR for SI other than ETWS and CMAS. 
2. Discussion
2.1.  Change notification and SI update
In legacy LTE, in addition to check valueTag in SIB1, UE can be aware the change of system information from change notification also. After the indication by change notification, the system information is updated in the next modification period. By receiving this change notification, the UE can acquire the updated system information from the start of the next modification period, as shown in Fig.1. 
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Figure 1. SI change

The legacy procedure based on the concept of modification period can sync the validity time of the updated system information, and the UE’s behavior to acquire the system information. This can prevent the UE to check the change of system information from time to time. We think these motivations can also valid in NR, either for the minimum SI or the other SI. 
Thus, in NR, we propose to reuse the similar procedure based on modification period. It means that when the network wants to change (part of) system information, a change notification will be sent to UEs. The updated system information can be sent from the next modification period. At the UE side, by receiving the change notification, the UE can acquire the updated system information from the start of the next modification period. Since the transmission of on-demand SI is triggered by UE request, the updated system information can also be acquired by requirement from the next modification period. 
Proposal 1: The legacy mechanism for system information modification can be reused in NR, i.e. the change of SI can be indicated by change notification; after receiving this indication, the updated SI can be acquired from the start of the next modification period.
In legacy LTE, this change notification can be carried in paging message for both connected and idle UEs to avoid extra PDCCH/PDSCH monitor. In eMTC and NB-IoT, in order to further reduce UE power consumption, it also can be notified via Direct Indication Information on MPDCCH/NPDCCH. This mechanism is applied for the case that no UEs is paged for mobile terminating services in one cell, so that PDSCH decoding can be skipped. 
In NR, with the same reason, this notification can also be indicated in paging message or Direct Indication Information to idle, inactive and connected UEs. In inactive mode, paging message or PDCCH for paging can be monitored every DRX cycle like idle mode. Thus, same way for the system information change notification and corresponding updating for idle mode is applied in inactive mode. 
Proposal 2: The change notification for system information can be indicated in paging message or Direct Indication Information. 
In NR, the changed SIB(s) may be not required by certain UE. To determine which SI has been changed, the UE at least needs to check the per-SIB valueTag in RMSI. This may also increase the implementation complexity and the UE power consumption. Thus, a better way is to indicate which SI has been changed in change notification. For the granularity of the change notification, we prefer per-SIB notification, which is similar to the valueTag design. Otherwise, the UE needs to check valueTag to decide which SIB has been changed. 
Proposal 3: Change notification should indicate which SIB has been changed. The UE only needs to request or acquire the updated SIB.
In RAN2 NR #98 meeting, per-SIB valueTag was introduced. In RAN2 NR #2Adhoc meeting, it was agreed that valueTag and related areaID would not be included in MIB. Thus, it can be included in minimum SI. If this can be agreed, whether the change of valueTag for other SI has the impact on the minimum SI should be discussed. 

In legacy LTE, the change notification in paging doesn’t differentiate the SI/SIBs. If a change notification is indicated, the UE will read all SI in the next modification period. 

In NB-IoT/eMTC, per-SI valueTag was introduced, but the change notification in paging still not differentiate the SI/SIBs. If a change notification is indicated, the UE will check the valueTag in SIB1 to determine which SI has changed.

In NR, if the above proposal 3 for per-SI/SIB change notification can be agreed, UE can determine which SI/SIB has changed. In this way, for the UEs not requiring the changed SI/SIB, there is no need to read minimum SI. Thus, it is better that the change of valueTag for other SI has no impact on the minimum SI. But anyway, it is left to network implementation.  

Proposal 4: The change of valueTag for other SI will not trigger the change notification of minimum SI in paging or Direct Indication Information, which is left to network implementation. 

In RAN2 #98 meeting, it was agreed that on demand SI is broadcasted according to request. If there is some change for on demand SI, there are several ways for the network to send the updated SI based on the network and UE behavior, as show in Fig. 2. 
Option 1: After receiving the change notification, the UEs storing this SI will send request for this SI immediately in the next modification period. 
Option 2: After receiving the change notification, the UE sends request for this SI by requirement (up to UE implementation).
Option 3: After send the change notification, the network broadcasts the updated SI in the next modification period without any UE request.  It is up to UE requirement to determine whether to receive this updated SI.
Option 4: It is left to network implementation. 
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Figure 2. Solutions for on demand SI update
In case of broadcasting on demand SI, the SI request is sent through Msg. 1 or Msg. 3. 
· Option 1 may lead high probability of RACH collision if the number of UE storing this SI is large. But may have higher transmission efficiency than Option 2. 
· Option 2 is the most reasonable one for the design of on demand SI. Only when UE wants this SI, the request can be sent to the network for updated SI. But this solution may lead very low transmission efficiency. Many times of re-broadcasting to satisfy UE’s request is unnecessary. 
· Option 3 has the highest transmission efficiency. There is no needs to send request from many UEs for this SI. This option also has no impact to UE, since whether to receive this broadcasted SI is up to UE requirement. If the UE don’t receive this updated version, the UE can also request this SI based on requirement or valueTag.
Thus, In case of broadcasting on demand SI, we prefer Option 3 for the transmission of updated SI.
If unicast delivery according to request during the state transition can be agreed. Since each SI is unicast delivered according to request, either Option 2 or Option 3 can be considered as the solution for the transmission of updated SI. Both Option 2 and Option 3 are benefit to alleviate the RACH congestion due to SI request. We slightly prefer Option 2 to cater to the design motivation of on-demand SI. 
For Option 4, network can decide whether to broadcast the updated SI in the next modification period. When the network decides to change certain on-demand SI, large volume of SI requests for the changed SI can be foreseen if there are lots of UEs need the SIB in the cell. To mitigate the potential congestion caused by SI requests, the network can broadcast the changed SI without the reception of any request. It can be left to network implementation. 
· If the network decides to send the updated SI, per-SI/SIB indicator should be included in SIB1 to indicate the updated SI is being broadcasted. This will avoid UEs to request this updated SI. The UE only needs to check this indicator before receiving updated SI. 
· If the network decides not to send the updated SI, the UE will send the request for changed SI by requirement. It will fall back to the Option 1.
This solution based on network implementation can give more flexibility to network, which will also not introduce special UE effort. But this option has the risk to fall back to Option 1. 

Based on the above analysis, we prefer Option 3 from UE point of view. 
Proposal 5: If the on-demand SI is broadcasted according to request, after sending the change notification, the network broadcasts the updated SI in next modification period without any UE request. It is up to UE requirement to determine whether to receive this updated SI or not.

3. Conclusion
In this contribution, we discuss the system information change notification and update procedure in NR. Based on the discussion, we have the following proposals:
Proposal 1: The legacy mechanism for system information modification can be reused in NR, i.e. the change of SI can be indicated by change notification; after receiving this indication, the updated SI can be acquired from the start of the next modification period.
Proposal 2: The change notification for system information can be indicated in paging message or Direct Indication Information. 
Proposal 3: Change notification should indicate which SIB has been changed. The UE only needs to request or acquire the updated SIB.

Proposal 4: The change of valueTag for other SI will not trigger the change notification of minimum SI in paging or Direct Indication Information, which is left to network implementation. 

Proposal 5: If the on-demand SI is broadcasted according to request, after sending the change notification, the network broadcasts the updated SI in next modification period without any UE request. It is up to UE requirement to determine whether to receive this updated SI or not.[image: image3.png]
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