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1 Introduction

For NR, RAN2 has discussed and concluded the benefits of on-demand SI (OSI) for several meetings. Further agreements have been achieved in RAN2#96 [1], i.e.
	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.

5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.


To realize the full benefits of on-demand SI, the key is to reduce the need of on-demand request for OSI. This paper discussed the possibility to extend LTE SI grouping, i.e. SIBx, and value tag concept to wider area to take advantage of the identical OSI, or even MSI, between beam/cell.

2 Discussion

In legacy LTE, a UE needs to re-acquire system information when

· Change to a new cell

· Value tag is updated  

· 3 hour timer expired

SI (re-)acquiring rate is increased with cell density. Therefore, in a dense deployment, a UE needs to spend more energy/time to acquire SI with the same mobility path. In a similar fashion, using beamforming in HF also results in increased energy/time on SI acquisition due to beam alignment.
Although more value tag is introduced for MTC to avoid re-acquiring complete SI, the granularity of SI request can be further improved, especially for NR OSI.
Observation 1:
In LTE, UE needs to re-acquire system information when serving cell changes, or value tag updates, or timer expired.
Observation 2:
Compare to LTE, the granularity of SI re-acquire can be improved for NR OSI.

If on-demand SI delivery is enabled by the network, frequent SI re-acquire and SI request limit network efficiency and significantly increase UL system load due to Msg1/3. The DL system load is also impacted if every SI request is a full SI update. 
Observation 3:
The performance of on-demand SI delivery may be significantly impacted if SI request rate is as frequent as cell changing rate in a dense deployment. 
OSI is introduced to reduce interference caused by common channel and network power consumption. When OSI is enabled by network, network needs to manage SI to reduce SI request/size and then increase network efficiency. We suggest to extend/enhance the LTE SI grouping, i.e. SIBx, and value tag concept. The new concept is called ‘System Information ID’ for larger area, i.e. larger than a beam/cell. 
Each SI ID is unique in a large area, e.g. unique in a PLMN, and each SI ID maps an area (e.g. a SI ID area or a logical area) to a set of SIs, in which all cell/beam in the indicated area has the same set of SIs. Network coordination is assumed, therefore, if there is a need to update SI, all cell/beam broadcast the SI ID would update value tag at the same time. Modification period mechanism can still be applied.
A cell/beam broadcasts a SI ID, a UE stores SIs for that SI ID and applies these SIs while the UE is on that cell/beam. When UE changes to another cell/beam, SI ID prevents full SI re-acquisition. 

When entering a new cell/beam, a UE first checks SI ID. If the SI ID is the same as the previous one, UE further checks the stored SIs have valid time and the same value tags as the broadcasted value tags. If yes, there is no need to re-acquire SI; otherwise, UE re-acquire SI for the invalid SIs. 
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Figure 1

Observation 4:
The application of System Information ID prevents redundant SI acquisition when UE changes cell/beam in a SI ID area.
The advantage of using SI ID is that UE need not re-acquire SI whenever the serving cell/beam is changed. In this way, the signaling overhead for SI acquisition inner an SI ID area can be significantly reduced. In addition, there is no need for UE to do SI reacquisition or SI validity check for those SIs that are not members of SI set of the SI ID.

Observation 5:
The application of SI ID prevent unnecessary SI reacquisition or SI validity check for those SIs that are not members of SI set of the SI ID.
To avoid unnecessary SI validity check before SI update, in NR the SI that is likely to be different between different cell/beam should not be stored by the UE at all. In contrast, for SI that is likely to be the same only in a smaller area, e.g. access configuration, they could be stored by UE with a SI ID. Another SI ID can be allocated to SI that is likely to be the same in a larger area, e.g. inter-frequency/RAT.
Observation 6. To make SI ID operation efficient, UE should only store those SIs that are likely to be the same between different cell/beam. And SI with small SI ID area (e.g. a smaller area in which SI is the same) should use a different SI ID from those SI with large SI ID area.

The concept of SI ID enables efficient on-demand SI delivery. When UE changes cell/beam and finds that the new cell/beam broadcast a different SI ID from the UE stored SI ID, UE could include the SI ID and optionally value tag in the on-demand SI request. In this way when cell/beam receives the UE stored SI ID, it knows the content of UE stored SIs and which part of UE stored SIs needs to be updated. Then cell/beam just send UE the difference between UE stored SIs and current SIs applied by the new cell/beam. An exemplary signaling flow for on-demand SI delivery with 4 message random access is shown in Figure 2.

A further enhancement is that during the handover process, UE or the old cell/beam delivers the SI ID to the new cell/beam. In this way, the new cell/beam initiate on-demand SI delivery and thus avoid heavier signaling overhead from UE initiated on-demand SI delivery procedure.
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Figure 2.  Use SI ID to reduce SI request overhead for on-demand SI delivery

Observation 7. SI ID operation is beneficial in handling on-demand SI delivery to reduce signaling overhead.
Based on above observations for SI ID, we concluded that SI ID operation is beneficial in handling on-demand SI delivery to reduce signaling overhead.
Proposal 1:
NR adopts System Information ID in SI distribution and management.
3 Conclusion
Observation 1:
In LTE, UE needs to re-acquire system information when serving cell changes, or value tag updates, or timer expired.
Observation 2:
Compare to LTE, the granularity of SI re-acquire can be improved for NR OSI.

Observation 3:
The performance of on-demand SI delivery may be significantly impacted if SI request rate is as frequent as cell changing rate in a dense deployment. 

Observation 4:
The application of System Information ID prevents redundant SI acquisition when UE changes cell/beam in a SI ID area.
Observation 5:
The application of SI ID prevent unnecessary SI reacquisition or SI validity check for those SIs that are not members of SI set of the SI ID.
Observation 6. To make SI ID operation efficient, UE should only store those SIs that are likely to be the same between different cell/beam. And SI with small SI ID area (e.g. a smaller area in which SI is the same) should use a different SI ID from those SI with large SI ID area.

Observation 7. SI ID operation is beneficial in handling on-demand SI delivery to reduce signaling overhead.

We suggest considering the following proposals as guideline for SI distribution for NR.

Proposal 1:
NR adopts System Information ID in SI distribution and management.
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Operation in LTE
UE can store SI for a Cell
The cell is identified by a broadcasted Cell ID
UE checks validity of stored SI for a cell by value tag(s)


Suggested operation in NR
UE can store SI for a SI ID
The SI ID(s) for a cell/beam etc. are broadcasted
UE checks validity of stored SI for a SI ID by value tag(s)
Stored SI can be used across multiple cells, also inter-freq. 
By allowing multiple SI IDs, e.g. the coordination area for different SI can be different
By separate SI ID and Value Tag(s), it is easy for the UE to determine which SI to store/keep or discard
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