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1 Introduction
During RAN2#95, it was agreed to further study system information acquisition for NR [1]:

Agreements

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

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

During RAN2#95bis, it was agreed to further study system information acquisition for NR [2]:
Agreements (On demand SI)

1: 
For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.

2
Request of the other SI by idle and “new state” UE should be performed without state transition.
3
For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 

This contribution further discusses the Other-SI acquisition. A companion contribution [3] discusses the aspects related to Minimum-SI acquisition. 
2 System Information Acquisition for NR 
2.1 Granularity of Other-SI acquisition and update 
It was agreed during RAN#95 that both network triggered and UE initiated mechanisms for Other-SI delivery shall be further studied. 
Minimum-SI carries few basic system information relevant for cell accessibility and initial access parameters. The rest of the system information that is not part of Minimum-SI is expected to be carried in Other-SI. Thus Other-SI may contain information relevant to diverse services supported in NR. A UE may not be interested in all the Other-SI messages.  It should be possible for the UE to acquire only the relevant Other-SI(s), SIs which are associated with services of interested or relevant to the UEs capability.   Further optimizations can be possible if the UE can acquire specific subset of Other-SI applicable for the UE state (e.g. IDLE or INACTIVE). 
It should further be possible to deliver system information at the granularity of a SIB (or equivalent). More specifically, the UE could have means to selectively request specific SIB(s) with the on-demand method. For example, after having acquired the Minimum-SI, the UE could then acquire Other-SI by requesting either all remaining information for the Other-SI, or by requesting a subset of any existing SIBs.
Such flexibility may further enable prioritization in terms of latency. A first example, is enabling the UE to request specific SIB(s) that require very low latency (e.g. URLLC services) instead of waiting for the SIB(s) to be broadcasted. A second example, is for pushing out specific system information updates to some or all UEs for e.g. time sensitive changes such as for warning systems (ETWS and CMAS).

Proposal 1:
On-demand mechanism supports requests of a subset of Other SIs (i.e. the UE can request a specific SI or set of SIs) 
LTE uses two mechanisms to notify a change in the system information. Firstly, it uses a concept of modification period after which the network may broadcast new / updated system information. Secondly, it uses common channel signaling (i.e. paging) to notify that a change has occurred which triggers the reacquisition of the system information. In SIB1, there is a systemInfoValueTag that indicates if a change has occurred in the SI messages. The UE however is not aware which SIs have changed and therefore has to re-acquire all SIs.   Such procedure could be further improved to avoid UEs unnecessarily reading SIs that haven’t changed.  
A mechanism that indicates which specific SIBs (or group thereof) will be changed and that enables updating only parts of the configuration of the system information should be considered. For example, the network could indicate which SIBs (or group thereof) are affected (if not all) triggering only the relevant UEs to start the on-demand procedure, if temporary reallocation of the affected SIBs to the broadcast channel is not used. The UE could then initiate a request to acquire the specific SIBs of interest or acquire the specific SIBs (if broadcasted)
Proposal 2:
System information change mechanism can indicate which SIB (or group thereof) has been updated
2.2 Other-SI on-demand request procedure
UE can request Other-SI transmission (if not broadcasted already) using UL transmissions. It was agreed during RAN2#95bis that request of Other-SI by IDLE and INACTIVE state UE should be performed without state transition. The Other-SI request procedure is envisioned to be a simple procedure with low. It is preferable to have common mechanism for Other-SI request irrespective of the UE state (e.g. IDLE or INACTIVE). It is also clear that the mechanism for Other-SI request is not dependent on the delivery method (e.g. broadcast or unicast).

Different options for Other-SI request could be characterized by the possibility of RACH segregation and how many UL transmissions are required to indicate Other-SI request.

Option1: Other-SI request performed in MSG1 

· Option1a) Using a reserved RACH preamble/resource to indicate Other-SI request; UE can trigger Other-SI transmissions by transmitting a reserved RACH preamble. With such solution, network transmits all Other-SIs and cannot differentiate which SI the UE is requesting.  To allow further granularity, multiple reserved RACH preambles/resources can be reserved to indicate specific Other-SI request.   UE first determines the SI or set of SIs it needs then selects the preamble/resources associated with the required subset.  
· Option1b) Using a reserved UE identity in enhanced RACH/2-step RACH;
Similar to option1a, but instead of RACH preamble/resource, the UE identity in the enhanced RACH/2-step RACH is reserved to indicate Other-SI request.  To allow for further granularity, multiple UE identities are reserved to indicate which Other SI is requested.  
· Option1c) Explicitly indicate the requested SI, using the bits reserved for UE identity or for data transmission in the 2 step procedure.  A new format can be defined that is used only for Other SI request in specific time/frequency resources (e.g. such that the network can identify what format the UE is using)
The configuration of RACH resources/UE identities can be signaled to the UE via Minimum-SI.
Option2: Other-SI request in MSG3/step 3 of RACH procedure. 
      In this option, no RACH resources/preambles are reserved for Other-SI procedure. Common preambles are used. UE may indicate Other-SI request in MSG3 (e.g. a new RRC message) or in the MAC header/MAC CE in step 3.  
	
	Option1
	Option2

	Signaling overhead
	Low
	Comparatively high

	Simplicity
	No need for UE specific identity, preamble collision detection, contention resolution and UL timing advance.
	Needs preamble collision detection, UL timing advance

	Flexibility – (e.g. possibility to request specific Other-SI type)
	Requires segregation of RACH resources, preamble space or UE ID space.
	Flexible and extensible to accommodate new Other-SIs in future.


Option:1 is preferable from signaling reduction and power saving point of view. Option:1 is also much simpler and does not involve preamble collision detection, contention resolution, UL timing advance etc.

Observation-1: It is preferable to reduce required number of UL transmissions required for Other-SI request procedure.
Proposal-3: RAN2 should study 2-step RACH for Other-SI request procedure.
2.3 Other-SI delivery

For the case of Other-SI modification/update network may decide to broadcast Other-SI for a configurable periodicity, to avoid sudden surge of Other-SI request from the UEs. 
In response to a UE request for other SI delivery, two options for Other-SI delivery may be considered.
Option1: Other-SI delivery by broadcast
In this option, Other-SI is delivered via broadcast transmission. 
The UE can determine that the other SI is being delivered via broadcasted by an indication in the minimum SI (e.g. new scheduling of SIB) or as a result of its request it may expect a response from the network, using RAR or RRC message. 
Broadcast delivery allows other UEs to acquire Other-SI without having to make explicit request. It also reduces the number of UE requests in case of Other-SI update. The cons of using broadcast delivery may be slightly increased latency compared to unicast and increase in overhead if system information is delivered via beamforming.
Option2: Other-SI delivery by unicast
In this option, Other-SI is delivered on resources dedicated for a specific UE. Based on the request mechanism, e.g. MSG1 based or MSG3 based, the resources for unicast Other-SI delivery can be granted/configured using a RAR message, NR-PDCCH or directly provided to the UE in a RRC message. 
Unicast delivery can perform better than broadcast if network has relevant feedback available from the UE.  It may also be beneficial to avoid waking up other UEs to read the minimum SI (assuming scheduling information of other SI is in the minimum SI).  For example, latency of Other-SI acquisition can be reduced with better link adaptation during unicast delivery, particularly for UEs in good channel condition. Unicast delivery can also help reduce the downlink signaling overhead by beamforming the Other-SI transmission. But it is not clear when/how the UE can transmit the feedback to the network without state transition. Also the number of message exchanges with the network is increased due to UE identification, contention resolution, configuration of resources for UE feedback etc. 
Observation-2: It is not clear if unicast system information will be beneficial for UEs in IDLE and INACTIVE state due to lack of UE feedback. 
Proposals-4: For IDLE and INACTIVE state it is preferred to deliver Other-SI via broadcast. Unicast delivery may be performed via transition to connected state.
3 Conclusion

RAN2 should discuss the above and use the following proposals as working assumptions for further work on system information delivery in the NR Study Item for R14:
Observation-1: It is preferable to reduce required number of UL transmissions required for Other-SI request procedure.
Observation-2: It is not clear if unicast system information will be beneficial for UEs in IDLE and INACTIVE state due to lack of UE feedback. 
Proposal 1:
On-demand mechanism supports requests of a subset of Other SIs (i.e. the UE can request a specific SI or set of SIs) 
Proposal 2:
System information change mechanism can indicate which SIB (or group thereof) has been updated
Proposal-3: RAN2 should study 2-step RACH for Other-SI request procedure.
Proposals-4: For IDLE and INACTIVE state it is preferred to deliver Other-SI via broadcast. Unicast delivery may be performed via transition to connected state.
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