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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 the January RAN2 Ad-Hoc meeting, the following agreements were made [1]. 
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 discuss in more detail both the MSG1-based and MSG3-based procedures for requesting other SI.
2 Request of On Demand SI

At RAN2#97bis [2], it was agreed to support both MSG1-based and MSG3-based procedure for requesting Other SI.  As per agreements, the UE determines which request procedure to use based on the presence (use MSG1) or absence (use MSG3) of PRACH preamble and/or PRACH resources for SI request in the minimum SI.
2.1 MSG1-Based Procedure

In order for MSG1-based request procedure to coexist with the RACH procedure for access, the NW needs to distinguish between a PRACH transmission by the UE for initial access, and one for SI request.  This can be achieved by having separate PRACH resources (time/frequency) for SI request and for initial access.  

Separate Time/Frequency Resources: 

With this option, the NW assigns a different set of time/frequency resources for SI request, and all PRACH preambles can be used for SI request within these dedicated resources.  The network can strategically allocate the resources in time with respect to the corresponding SI window.  However, since such resources are unusable for initial access, this alternative could result in unused/underutilized PRACH resources if few UEs perform SI requests.

Separate PRACH preambles: 

With this option, the NW uses preamble partitioning within the same set of time/frequency resources to determine if the UE is requesting SI.  A single set of resources ensures full re-use of the PRACH resources between the two procedures, at the expense of reduced capacity for initial access UEs.   As a result, the NW may have to overprovision the RACH time/frequency resources.  Also, it is likely that all SI requests occur immediately after transmission of minimum SI, increasing likelihood of collisions with accesses within those resources.
Since resource provisioning and number of on-demand SIs is a network choice we think it should be possible to allow the network to choose and configure how the resources are partitioned and shared.  This can allow a flexible allocation of resources and/or preambles tailored to the number of on-demand Sis, timing of SI windows, etc.
Proposal 1:
A subset of PRACH preambles and/or PRACH resources for MSG1 SI request can be configured by the NW and signalled in minimum SI.  

For random access, LTE UEs perform random selection of preambles and frequency resources within a selected subframe to minimize probability of collision.   Furthermore, a collision resolution is performed in case two UEs select the same preamble.    

For other SI request using msg1, collision between UEs is not a problem as long as a preamble is reserved for a specific on demand SI and all UEs requesting the same SI or group of SI will choose the same preamble.  RAN1 in their response LS indicated that the network can detect the transmitted preamble even in case of collisions between UEs.   Therefore, the network can determine which on-demand SI to broadcast based on the transmitted preamble regardless of which and how many UEs transmitted it.  For this reason, having a single preamble/resource pair for one SI or group of Other SI is sufficient, and avoids overprovisioning resources for SI request.  The single resource can then be repeated periodically in order to support retransmission of the request in case of failure.  
Proposal 2:
A single PRACH preamble/resource pair is used by the UE to request one or a group of SI blocks.

If a single PRACH preamble/resource pair is reserved for each SI or group of SI, the network needs to indicate the corresponding SI or group of SI for each preamble.  To allow ease of extensibility of the SIs, as well as network flexibility in controlling the number of PRACH preambles/resources dedicated to SI request, it would be preferable for such association to be configurable in minimum SI.  
Proposal 3:
Minimum SI can configure, with different granularity, the SI or group of SI that can be requested with a preamble/resource pair.

Once transmission of MSG1 is performed, the UE needs to determine whether MSG1 was successfully received by the network, such that the UE can retransmit MSG1, possibly with a higher power, if needed.  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 

In both Option 2 and Option 3 the UE would have to wait for the SI window before determining whether a preamble retransmission and power ramping is needed.  The UE would incur unnecessary delays and added specification complexity as the random access procedure would have to be modified for the purpose of SI request.  

With Option 1, current random access procedures can be re-used and incur shorter delays for re-transmission as the UE will wait only for at most the RA response window size.  While option 1 creates additional DL signaling for transmission of MSG2 by the gNB, the overhead is minimal as all UEs that have transmitted the same preamble will receive a single MSG2 response as in the LTE RACH procedure.      
Proposal 4:
A UE uses MSG2 reception to determine if request of SI using MSG1 was successful.
In LTE, MSG2 multiplexes the responses to different UEs that transmitted PRACH by including a list of preamble IDs (RAPID) for the detected preambles, and a RAR for each preamble that includes, timing advance, grant, and temporary C-RNTI.  The MSG2 response for SI request does not require all these RAR fields to be transmitted as the SI request procedure will end with MSG2.  or these reasons, it would be desirable to define a new MSG2 format used for Other SI request.  

Proposal 5:
MSG2 format is optimized for Other SI request 
2.2 MSG3-Based Procedure
In MSG3-based approach for Other SI request, the UE provides the specific Other SI(s) being requested in MSG3 of the RACH procedure.  To avoid the need to standardize two different RACH procedures (one for access and another for Other SI request) it would be desirable that the existing RACH procedure is re-used as much as possible.

For MSG1, the same set of resources/preambles used for access can also be used for PRACH transmission that is initiating an Other SI request using MSG3 procedure.  This is because (contrary to MSG1-based procedure described in section 2.1), the network does not need to distinguish between a PRACH transmission for access and Other SI request since in both cases it will need to provide a timing correction and a grant for MSG3.  In addition, sharing preambles/resources for Other SI request and access ensures full re-use of preamble resources compared to the case where dedicated preambles/resources were used for this purpose.  

As in the case of RACH for access, randomization at the UE of the selected preamble/resource can minimize the probability of collision with access and Other SI requests by other UEs.  The network can also avoid cases where a large number of UEs may request Other SI simultaneously due to a change in validity/version by temporarily broadcasting the Other SI under this condition.
Proposal 6:
Common PRACH preambles/resources are used for MSG3-based SI-request procedure and UEs performing random access for other purposes.
The content of Msg3 should at least indicate that the message corresponds to an SI request and the SI(s) being requested.   While either MAC CE or RRC message could be used for the SI request, an RRC message may be simpler and more easily extendible from a specification perspective and may allow re-use of the random access procedures for initial access.   
Proposal 7:
Other SI request in MSG3 is carried by an RRC message.
Similar to the case of MSG1-based procedure, the NW should also be able to acknowledge the successful reception of SI requests.   To re-use the random access procedure as much as possible, this can be achieved by successful reception of MSG4, with contention resolution, as in LTE RACH procedure. 

Proposal 8:
For MSG3-based procedure, a UE uses successful MSG4 reception to determine whether request of other SI was successful.
3 Conclusion

In this contribution, the following proposals were made in relation to request of Other SI in NR:
Proposal 1:
A subset of PRACH preambles and/or PRACH resources for MSG1 SI request can be configured by the NW and signalled in minimum SI.  

Proposal 2:
A single PRACH preamble/resource pair is used by the UE to request one or a group of SI blocks.

Proposal 3:
Minimum SI can configure, with different granularity, the SI or group of SI that can be requested with a preamble/resource pair.

Proposal 4:
A UE uses MSG2 reception to determine whether request of other SI using MSG1 was successful.
Proposal 5:
MSG2 format is optimized for Other SI request 
Proposal 6:
Common PRACH preambles/resources are used for MSG3-based SI-request procedure and UEs performing access for other purposes.
Proposal 7:
Other SI request in MSG3 is carried by an RRC message.
Proposal 8:
For MSG3-based procedure, a UE uses MSG4 reception to determine whether request of other SI was successful.
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