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1   Introduction
Last RAN2#95 meeting made the following agreements regarding SI in NR [1]. 
Agreements

1. RAN2 to agree on proposals 1, 4, 5, 6 and 7 from [1] to be captured as guidelines for SI design in RAN2 TR with rephrasing of some proposals if needed.

2.  Other mechanisms than periodic broadcast of system information should be studied during study item.

3.  Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).

4.  Minimum SI needs to be broadcasted periodically.

5.  Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell. 
FFS Whether all "cells"/TRPs periodically broadcast the minimum SI.

6.  Agree on the terminology of Other SI where other SI comprises everything not broadcasted in minimum SI.

7. FFS Whether ETWS/CMAS like information would be considered as Other SI or Minimum SI

8.  Both network triggered and UE initiated mechanisms for Other SI delivery shall be further studied.

9.  It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.

An email discussion on the benefits and disadvantages of the on demand SI were initiated [2]. In this contribution, we present our views on SI on demand, and discuss the detailed procedures of the delivery of Other SI. Note that the discussion on minimum SI could be found in our companion paper [3]. 
2   Discussion
2.2   System information transfer framework
As agreed, the NR SI is classified into two parts: minimum SI and Other SI. The minimum SI would be always broadcasted for initial access, scheduling of other SI and cell selection. While other SI would include remaining SI and be transmitted only when necessary. Typically, as mentioned in [3], when emergencies happen, the ETWS/CMAS could be broadcasted and classified into other SI. The three-level system information framework is given in Fig.1 [4]. 
1) Level 1: The minimum SI required for e.g. initial access is broadcasted periodically (note that the MIB and SIB1 are not shown separately). 
2) Level 2: Some other SI could be broadcasted as needed, e.g., in case of other SI update or when a large number of UEs request the same SI. 
3) Level 3: Some other SI would be provisioned to the UE upon UE request or proactively transmitted by dedicated signalling. 
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Fig. 1 three-level system information framework
2.3   The delivery of other SI transfer
It was agreed that the both network triggered and UE initiated mechanisms for Other SI delivery should be further studied. We believe both options should be supported and applicable for different scenarios. Below gives the detailed analysis. 
Other SI broadcast 
The other SI could be broadcasted in the following scenarios. 
· In low frequency rural deployment where the broadcast signalling overhead may not be severe. 
· In case of other SI update where the NR NB could broadcast other SI a limited times for both connected UEs and idle UEs.
· When a large number of UEs request the same SI, for which the NR could broadcast to avoid the dedicated signalling towards each UE.  
For these broadcasted other SI, it is possible to follow LTE solution: a number of SIBs characterized by the type of information and with different configured periodicity. The further classification could be useful for the introduction of new features in a forward-compatibility way e.g. to deploy new services rapidly and efficiently. Furthermore, to ensure the reliability of other SI broadcast, the SI-window in LTE can be reused.
Proposal 1: Other SIs may be broadcasted at configurable periodicity and with limited number of times. 
As the other SI may not always broadcast as minimum SI, it should notify idle UEs as well as connected UEs when this happens. Generally two options are envisioned. 
· Option 1: to reuse LTE solution
In LTE, the paging message is used to inform UEs about a SI change. But it would not notify which SI is updated other than ETWS/CMAS/EAB/eDRX. The UE would have to receive all SI based on the schedulingInfoList in SIB1. For MTC or NB-IoT UE, the change of specific SI message can be indicated by a specific value tag systemInfoValueTagSI in SIB1. It would naturally for NR to reuse this to indicate which specific SI is changed. And to reuse the schedulingInfoList could indicate the scheduled period and the number of transmissions. 
· Option 2:enhanced paging message
Similar to the SI update indication for ETWS/CMAS/EAB/eDRB, the paging message could be enhanced to clearly indicate which one of other SI is changed. It might possibly be enhanced to include the detailed scheduling information corresponding to each SI. However this is at the cost of increased paging message size. 
Proposal 2: The above two options to indicate other SI broadcast/update should be further studied.
Dedicated transfer of Other SI
The Other SI could be triggered by the NR NB or UE. When triggered by NR NB, it could proactively send its SI by dedicated signalling to UEs in RRC_CONNECTED based on the e.g. service request from the CN. 
When other SI is triggered by NR UE, it could send the SI request message to indicate which SI is requested based on e.g. the service type, UE capabilities etc. Then the NR NB replies with the dedicated signalling, or broadcast signalling described above. This procedure could be easily supported for connected UE. 
For idle UEs, as it is only for the SI acquisition, there is no need to transit to connected state during the SI acquisition procedure. When the procedure completes, the UE could remain be idle state. Further, it should allow UEs at “new state” to acquire other SI without entering into connected as well. 
Proposal 3: Request of the other SI by idle and “new state” UE should be performed without entering into RRC connected state, i.e. without RRC connection procedure.
The UE triggered procedure is much related with the RACH procedure which is being discussed in RAN1 wherein with two RACH alternatives: LTE-like RACH and simplified procedure. In [5], several approaches were proposed for idle UE to obtain other SI when necessary. But before RAN1 makes some progress, it would be premature for RAN2 to study the detailed UE triggered procedure for other SI acquisition. Typically, RAN2 may not alone decide whether SI information is indicated in Msg1 or Msg3. Also it could not make decision whether RACH resources could be dedicatedly used for SI acquisition or not. 
In addition, this request/response procedure is not always optimal. Each time the IDLE UE moves to the new cell or found the stored SI invalid, it would send the request message, which however may incur unexpected power consumption or even network congestion in case of a large number of idle UEs. Hence potential solutions to resolve the issues should be further studied. One of them to reduce the request/response transfer is for each UE to store the SI corresponding to multiple neighbourhood cells. When the UE found that SI valid, it could reuse its stored SI without the SI triggering procedure.
Allowing any a UE to trigger a SI-request in an arbitrary way may pose the challenge to the system load and the network processing capacity itself. In order to achieve optimum performance with minimum load, the on-demand SI delivery procedure  is given in Fig.2. Specifically the UE could firstly check whether the demanded SI is broadcasted or not. Only when the UE fail to acquire the SI, then it sends a request for the SI, and both monitor the PDCCH for the dedicated and broadcast signalling by specific SI-RNTI on the following subframes. 
Proposal 4: the UE firstly check whether the demanded SI is broadcasted or not before it sends the other SI request. When the other SI request is sent out, the UE will try to receive the SI from dedicated or broadcast signalling. 
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Fig. 2 Illustration of On-demand SI delivery triggered by UE
Network notifies the reserved opportunity for transmission of other SI resource to the UE via minimum SI. But such periodic scheduling resource only is occupied to transmit SI when the SI request is received or network needs to push some SI. And from implementation perspective, network can maintain a SI-request window, and it makes decision on SI transmission mode depending on the amount of the SI request message. So to speak, if the amount of the SI request message is above a threshold, the network will broadcast the specific SI on the reserved resource, otherwise, it will transmit the specific SI in dedicated manner. Furthermore, to ensure the reliability of SI broadcast, the mechanism of SI transmission window in LTE can be reused, as in fig. 2. And the different colour blocks means different types of SI.
Based on the above analysis, both UE triggered and network triggered solutions should be supported. NR system should have full flexibility to implement the optimal solutions in order to adapt to different deployment scenarios.  
Proposal 5: both UE triggered and network triggered options should be supported and applicable for different scenarios.
Proposal 6: Network reserves resource opportunity for broadcasting other SI via minimum SI.
2.4   Other SI for high frequency
When NR cell is deployed at high frequencies, the introduced beam sweeping scheme introduces the restriction in time domain for a given beam. Hence, if other SI is transmitted in broadcast manner, SI-windows mechanism [6] in LTE is possible to be reused to ensure the reliability of SI acquisition. Hence, the limitation of concurrent beams results in inflexibility and restrictions for other SI scheduling during SI transmission window, as shown in fig 3. 
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Fig. 3 ilustration of SI transmission window with beamformed timeslots 
The beam sweeping may impact the paging message due to the time domain sweeping, e.g., it will impact on calculation of the PF and PO for SI update. Hence the paging occasion should take the beam sweeping into account.
Proposal 7: The design of SI transmission and update mechanisms should take beam sweeping into account, especially for high frequency band.
3   Conclusion
By analysing the detailed delivery procedures of other SI, we made the following proposals in NR:
Proposal 1: Other SIs may be broadcasted at configurable periodicity and with limited number of times. 
Proposal 2: The above two options to indicate other SI broadcast/update should be further studied.
Proposal 3: Request of the other SI by idle and “new state” UE should be performed without entering into RRC connected state, i.e. without RRC connection procedure.
Proposal 4: the UE firstly check whether the demanded SI is broadcasted or not before it sends the other SI request. When the other SI request is sent out, the UE will try to receive the SI from dedicated or broadcast signalling. 
Proposal 5: both UE triggered and network triggered options should be supported and applicable for different scenarios.
Proposal 6: Network reserves resource opportunity for broadcasting other SI via minimum SI.
Proposal 7: The design of SI transmission and update mechanisms should take beam sweeping into account, especially for high frequency band.
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