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1 Introduction

During the RAN2 NR study, the concept of on-demand SI was defined.  A number of agreements since then related to acquisition of on-demand SI:
In the January RAN2 Ad-Hoc meeting, the following agreements were made [1]. 
Agreements

1: Minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.  

2: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.
3: Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) if network allows on demand mechanism shall be included in minimum SI.

4: Cell-reselection neighbouring cell information is considered as other SI and can be provided on demand based on UE request.

Agreements related to SI provided by broadcast

1: 
UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 

2: 
One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

3: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.
FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.
4:  If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.
In RAN2#97bis, the following agreements were made [2]:

Agreements for on demand request of broadcast SI transmission.

1:
For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request .

2: 
If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 

3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.

FFS Error handing in case SI is not received

FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signalling after a transition into connected, or other options
In this contribution, we describe in more detail the acquisition of on-demand SI.  
2 Acquisition of On-Demand SI
2.1 Reception of On-demand SI using Broadcast Signaling

At RAN2#97bis [2] the need for an additional indication that an on-demand SI is actually being broadcast at this instant in time was discussed.  The purpose of such indication is to avoid having a UE send a SI request when the on-demand SI is already being broadcast by the network (e.g. due to another UE request).   This reduces the UE power consumption associated to SI request transmission and the overall UL and DL signaling load in the network.  These factors become more significant for SI request using MSG3-based procedure.  
In RAN2#97bis it was argued that one advantage of always having the UE request was to allow the NW to beamform the SI transmission to the requesting UE.  From the UE perspective, there seems to be no benefit it anyway monitors the best beam(s).  From the network perspective some beam sweeping may be avoided, but we think that the network in many cases would have to sweep anyways if multiple UEs are requesting the same SI.

In any case, we think that power consumption and signaling overhead outweighs the beam sweeping benefits at the network side, and therefore a UE should only send a SI request when that on-demand SI is not currently being broadcasted.   
Proposal 1:
A UE should only send request for a SI only when it has determined that the on-demand SI is not currently being broadcast (i.e. as indicated in the minimum SI).
As agreed in RAN2 Ad-Hoc meeting [1], scheduling information in minimum SI includes an indication of whether an SI-block is periodically broadcasted or provided on-demand through SI request.  In RAN2#97bis [2] the need for this indication in addition to the second additional indication that a particular on-demand SI is currently being broadcast was questioned.  It was argued that instead, a single indication could be present to indicate that a specific SI or SI block is currently being broadcast.

We think that two indications are necessary as the UE behavior should not be the same for SIs that are always broadcasted and SIs that are on-demand.  This is particularly important for cases in which the UE fails to successfully receive an SI within the corresponding SI window.  If a single indication is used, the UE would be forced to re-read minimum SI to determine again if the SI is still being broadcasted in the next window.  However, for normally broadcasted SIs, the UE would assume that the SI is always broadcasted and would attempt again in the next window.  A single indication would therefore cause UEs to always have to re-read the minimum SI for error cases.  

When the indication is set to true the UE assumes that the on-demand SI is broadcasted in at least the next SI window and attempts to acquire it.  

Proposal 2:
An additional indication (potentially per SIB or SI message) in minimum SI is present indicating that an on-demand SI is actually being broadcast at this instant in time
Proposal 3:
When the indication is set to “broadcast” the UE assumes that the on-demand SI is broadcasted in the next SI window and attempts to acquire it.  
When the indication is not set (set to “not broadcasted”) the UE triggers an SI request using either MSG1 or MSG3 procedure.  These procedures are discussed in more detail in our companion contribution [3]. 

Once a successful request for SI is performed by the UE, the UE should not be required to re-read minimum SI again.  The UE can assume that the scheduling information already acquired in minimum SI is still valid.  The UE should also assume that the SI will be broadcast for a certain period (e.g. a number of SI periods) following a successful request to allow reception of on-demand SI without the need to re-read minimum SI or retransmit the request.  

Proposal 4:
Following a successful SI request, the UE can attempt to read on-demand SI in its associated window for a period of time without having to re-read minimum SI.        

To support on-demand SI, the network may need to frequently change the indication (i.e. turns the indication on following a SI request and then turns it off when it decides to stop broadcasting the SI).  To allow frequent “additional indication” modifications without impacting all UEs in the system, we think that the changes of this indication should not trigger a system information modification procedure or be tied to the validity tag/index associated with the minimum SI.   
This implies that UEs interested in the “on-demand” SI would re-read the minimum SI at the time the “on-demand” SI is required by the UE.  

Proposal 5:
A change in “additional indication” does not change validity/index of the minimum SI, or trigger system information modification procedure.     

2.2 Reception of On-Demand SI using Dedicated Signaling
It was discussed early in the study item phase that on-demand other SI could be received by broadcast or dedicated signaling.  Specifically, in RAN2#95bis, the following agreement was made [4].  
8: It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.

One straightforward way to provide on-demand SI using dedicated signaling is through RRC message exchange while in RRC_CONNECTED.  This is already supported in LTE today.

It was also discussed whether dedicated signaling could be used to provide a UE with system information while the UE remains in IDLE or INACTIVE, such as by delivering SI in MSG4 (following SI request in MSG3).  In order to support this, two different procedures would need to be standardized for SI acquisition while in IDLE or INACTIVE.  Furthermore, since we have agreed to support both msg1 and msg3 based requests different procedures would be required for each of these approaches. 

Since a UE can always move to connected mode to receive SI requiring dedicated signaling, we do not see the need to standardize an additional procedure for UEs in IDLE/INACTIVE beyond the current window-based reception procedure which was agreed during the study item phase.      

Proposal 6:
SI is not provided in MSG2 or MSG4        

If the network decides to send on-demand SI through UE specific signaling it may need to move the UE to RRC_CONNECTED.  Such transition can occur during the SI request procedure, since the transition to connected mode will anyway require transmission of MSG1/MSG3 for random access.  As a result, no additional information would be needed in minimum SI to support this case.  Since the network may decide to use either MSG1-based or MSG3-based procedure in a cell, such transition to RRC_CONNECTED following an SI request should be supported for both procedures.
Proposal 7:
During a SI request, a UE can be asked to transition to connected mode to receive on-demand SI i.e. in MSG2 (for MSG1-based request) or MSG4 (for MSG3-based request) 
3 Conclusion

In this contribution, the following proposals were made related to acquisition of on-demand SI in NR:
Proposal 1:
A UE should only send request for a SI only when it has determined that the on-demand SI is not currently being broadcast (i.e. as indicated in the minimum SI).
Proposal 2:
An additional indication (potentially per SIB or SI message) in minimum SI is present indicating that an on-demand SI is actually being broadcast at this instant in time
Proposal 3:
When the indication is set to “broadcast” the UE assumes that the on-demand SI is broadcasted in the next SI window and attempts to acquire it.  
Proposal 4:
Following a successful SI request, the UE can attempt to read on-demand SI in its associated window for a period of time without having to re-read minimum SI.        

Proposal 5:
A change in “additional indication” does not change validity/index of the minimum SI, or trigger system information modification procedure.     

Proposal 6:
SI is not provided in MSG2 or MSG4        

Proposal 7:
During a SI request, a UE can be asked to transition to connected mode to receive on-demand SI i.e. in MSG2 (for MSG1-based request) or MSG4 (for MSG3-based request) 
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