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1 Introduction

During the RAN2 NR study, the concept of on-demand other SI was defined.  A number of agreements were made on Other SI, while some issues are still to be discussed agreed.
In RAN2 #96, the following agreements were made [1]:

Agreements

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.

In the January RAN2 Ad-Hoc meeting, the following agreements were made [2]. 
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 this contribution, we describe in more detail a potential UE procedure for requesting Other SI.  
2 Request and Acquisition of Other SI
System information (SI) in NR is divided into minimum SI and other SI.  The broadcast of minimum system information and the acquisition of other system information (SI) through a UE request mechanism was discussed in the RAN2 NR study item phase [3].  While minimum SI is broadcast periodically, other SI could be broadcast or provided in a dedicated manner following a request by the UE.  The procedure for requesting and acquiring Other SI, however, was not decided in the study item phase.
2.1 Additional indication for On-demand Other-SI broadcast
A UE determines from the minimum SI whether a particular other SI is available in the cell, whether it is an on-demand SI and it’s scheduling information.  During the study item two mechanisms to determine whether an on-demand SI is being broadcasted at a given instance in time were discussed but not yet agreed:

1. An additional indication is included in the minimum information – presence of indication implies that the on-demand SI is currently being transmitted in the current or upcoming SI window
2. No additional indication - the UE tries to acquire the Other SI based on scheduling information by monitoring the full SI-window
Additional indication has the clear advantage that the UE unambiguously knows whether the SI is being broadcasted in that instance of time and can immediately acquire according to its scheduling information.  Otherwise, the UE would have to monitor the whole SI-window to find the other-SI transmission and initiate a request if needed.  This is not efficient and increases the power consumption particularly if the UE is interested in multiple other-SI messages. Alternatively, the UE may always transmit the other-SI request regardless of whether the Other SI is currently being broadcasted.  However, this may unnecessarily increases UE power consumption and increase UL overhead if the other SI is currently being broadcasted at the time of the request.  
Proposal 1:
UE determines whether an on-demand other SI is being broadcasted at a given instance in time based on the presence of an indication in the minimum SI. 
Proposal 2:
The UE sends a request for on-demand SI when no additional indication is present in the minimum SI. 
Once the UE has requested the other SI, it should then acquire it according to the scheduling information associated with the specific other SI of interest, which is present in the minimum SI.  However, a UE should not have to read the minimum SI again to have to determine the scheduling information of the other SI it just requested.  For this reason, the scheduling information of the other SI should have been acquired by the UE at the time it first read the minimum SI for the indication.
Proposal 3:
Scheduling information of non-broadcasted other SI is always present in minimum SI.  
2.2 Other-SI on-demand request procedure
During the study idem phase, two options were identified for performing request of other SI – MSG1 and MSG3.  The table below summarizes the key differentiating aspects with the two procedures. 
	
	MSG1
	MSG3

	Signaling overhead
	Low (
	Comparatively high (

	Simplicity
	No need for 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, and possibly less granularity of SIB request. (
	Flexible and extensible to accommodate new Other-SIs in future.  Allows finer granularity in a single SIB request. (


MSG1 is preferable from a signaling reduction and power saving point of view.  MSG1 is also much simpler and does not involve preamble collision detection, contention resolution, UL timing advance etc.  
Observation 1:
MSG1 request procedure leads to fewer overall UL and DL transmissions required for a successful Other SI request. 

MSG1 is less flexible in that it requires segregation of RACH resources and potentially multiple transmissions of MSG1 in case the UE is requesting multiple SIs.  MSG3 instead allows for a better granularity of SIB request.  While better granularity may be desirable, it may not be necessary since a UE will usually require several SIBs for a specific operation (e.g. SIB3-SIB8 for reselection in LTE).  SIBs which are required for a specific operation can be grouped to use one PRACH resource, thus minimizing the number of MSG1 transmissions made.    
Proposal 4:
Other SI request is performed using MSG1 of the random access procedure. 

By partitioning the RACH resources used for SI request, the specific resource used by the UE (preamble and/or time/frequency resource) will indicate to the network the other SI or group of other SI that is being requested.  Partitioning should be performed to minimize the number of SI requests using MSG1 by, for instance, grouping SIBs associated with common UE operation(s). A static association of preamble resource, although possible, is undesirable.  Grouping will depend on the specific SIBs that are available in a cell, and the amount of RACH resources set aside for other SI request in that cell, which may vary according to carrier bandwidth, cell size, etc.  The network should have the flexibility to configure the specific RACH resources that are used for each SI requested, in order to minimize the number of MSG1 transmissions required in that cell.  Such flexibility will require the mapping of MSG1 to other SI request to be provided in the minimum SI.           
Proposal 5:
The minimum SI contains mapping of MSG1 resources to Other SI or group of Other SI to be requested. 
Once transmission of MSG1 is performed, the UE needs to determine whether MSG1 was successfully received by the network.  If this is not the case, the UE would need to retransmit MSG1, possibly with a higher power.  The UE may determine whether MSG1 failed to reach the gNB by:

1) The UE receives MSG2 in response to MSG1, as in LTE RACH procedure

2) The UE reads minimum SI to see if the other SI is currently scheduled

3) The UE attempts to read the other SI in the SI window 

Option 2 has additional overhead in the UE of having to re-read the minimum SI message which carries the indication.  Also, options 2 and 3 require the UE to wait for the next occurrence of the SI (minimum SI or other SI) in order to determine whether the SI request was successful.  Option 1 requires waiting only for at most the RA response window size.  Using LTE values as a baseline for periodicity of MIB and SIBs compared to values of the ra-ResponseWindowSize, it is expected that option 1 results in significantly smaller delay for determining whether MSG1 retransmission is required.  While option 1 creates additional DL signaling for transmission of MSG2 by the gNB, several UEs which may transmit MSG1 can receive the same MSG2 response as in the LTE RACH procedure.      
Proposal 6:
The UE uses MSG2 reception to determine whether request of other SI was successful. 

3 Conclusion

In this contribution, the following observations we made related to request and acquisition of Other SI in NR:
Observation 1:
MSG1 request procedure leads to fewer overall UL and DL transmissions required for a successful Other SI request. 

Based on the above observations, the following proposals have been made.

Proposal 1:
UE determines whether an on-demand other SI is being broadcasted at a given instance in time based on the presence of an indication in the minimum SI. 
Proposal 2:
The UE sends a request for on-demand SI when no additional indication is present in the minimum SI. 
Proposal 3:
Scheduling information of non-broadcasted other SI is always present in minimum SI.  
Proposal 4:
Other SI request is performed using MSG1 of the random access procedure. 

Proposal 5:
The minimum SI contains mapping of MSG1 resources to Other SI or group of Other SI to be requested. 
Proposal 6:
The UE uses MSG2 reception to determine whether request of other SI was successful. 
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