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1 Introduction

In RAN2 Ad-Hoc1, 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 Ad Hoc2, the following agreements were made on [2]:
Agreements for Msg1 based SI request method:

1:
RAPID is included in Msg2.

2: 
Fields Timing Alignment Information, UL grant and Temporary C-RNTI are not included in Msg2.

3:
RACH procedure for SI requests is considered successful when Msg2 containing a RAPID corresponding to the transmitted preamble is received.

4:
Msg2 reception uses RA-RNTI that corresponds to the Msg1 transmitted by the UE (details of RA-RNTI selection left to UP discussion)

5:
UE retransmits RACH preamble according to NR RACH power ramping 

6: 
Msg1 for SI request re-transmission is continued until reaching max preamble transmissions. Thereafter, a Random Access problem to upper layers is indicated. (depending on the NR RACH procedure design)
FFS: Upper layer actions when MAC reports Random Access problem. To be discussed in CP session.

7:
Back off is applicable for Msg1 based SI requests but no special Back off subheader/ procedure is required.

Agreements for Msg3 based SI request method:
1: 
UE determines successful Msg3 based on reception of Msg4 

FFS Details of the Msg4 content used to confirm successful Msg3. To be discussed initially CP.

2:
Preamble(s) for SI request using Msg3 based Method are not reserved.

3:
RRC signalling is used for SI request in Msg3.

FFS: RRC signalling how to indicate the requested SI/SIB details left to ASN.1 work.

5:
Temporary C-RNTI received in Msg2 is used for Msg4 reception

In this contribution, we further discuss remaining aspects of the on-demand SI procedure.
2 On Demand SI Request Procedure
2.1 Determination of When to Send SI Request

During the SI phase of NR (specifically RAN2 #95Bis) the following agreement was made:
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). 

The purpose of making such agreement was  to avoid having a UE send a SI request when the on-demand SI is already being broadcast by the network (e.g. as a result of 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 even more significant for SI request using MSG3-based procedure.  

During the work item phase, an indicator was agreed, however, such indicator was provided only to differentiate periodically broadcasted SI with on-demand SI.  The possibility of having an additional indicator which the UE could use to determine if an on-demand SI is already being broadcast was left open.
	Agreements

2: Scheduling information in minimum SI includes an indicator whether the concerned SI-block 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


In our opinion, to reduce the UE power consumption associated with the on-demand SI request method, a UE should not have to request other SI that has already been requested by another UE.  Such behavior is in-line with what was agreed during the study item.  
One discussed 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 as 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.

Based on this, we believe the agreement related to the above indicator (“Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand”) should actually reflect whether the network is currently broadcasting an SI.  
The indicator should be valid for a finite period of time [3]  In other words, the UE should assume the associated SI will be broadcast only for some finite amount of time following the time after a UE sees a “set” indicator in the minimum SI.  The amount of time for which the UE can then assume the SI will be broadcast requires further discussion.  This time should take into account both the SI window of the broadcasted SI, and the periodicity of the minimum SI, since it may be desirable that repetitions of the minimum SI have the same value of the indication.
Proposal 1 Revise the agreement on the indicator in minimum SI to:  “Scheduling information of an SI includes an indicator which signals whether an SI is currently being broadcast by the network”.  It is FFS for how long the UE can assume the SI is broadcasted. 

Proposal 2 A UE should only send request for a SI when it has determined that the on-demand SI is not currently being broadcast (i.e. as indicated in minimum SI). 

With the above agreed, the next question to be resolved is whether the UE needs to further distinguish between an on-demand SI and an SI which is periodically broadcast by the network, or whether the above indication is sufficient.  With a single indication, a UE which fails to successfully receive an SI within its SI window would need to re-read minimum SI again (to determine whether to re-request the SI).  Such re-reading of minimum SI could be avoided for periodically broadcasted SI if the UE is aware (via an additional indication) of whether the SI is on-demand SI or whether it is periodically broadcast.  However, we believe that such optimization that applies only to the failure case does not warrant an additional indication in minimum SI, and would lead to extra specification effort in having to specify the failure case for on-demand and periodically broadcast SIs differently.
Proposal 3 No additional indication is needed to differentiate between on-demand SI and periodically broadcast SI. 

2.2 PRACH Preamble/Resources for MSG1-Based Procedure
MSG1-based procedure for SI request was discussed in RAN2 AdHoc2 with a number of agreements reached with regards to the procedure.  There was, however, no discussion related to selection of preamble/RACH resources.  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.

For random access, LTE UEs perform random selection of preambles and frequency resources within a selected subframe to minimize probability of collision.   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 on-demand 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 4 A single PRACH preamble and/or PRACH resource is configured by the NW for requesting one or a group of SI blocks. 

2.3 MSG3/MSG4 Contents in MSG3-Based Procedure
In RAN2 Ad Hoc2, it was agreed that the UE determines successful MSG3 based on reception of MSG4. In LTE, the first 48 bits of the CCCH SDU sent in MSG3 is echoed by the network in MSG4 and used as the identity in contention resolution.  The UE uses a UE ID in MSG3 which is either the s-TMSI, the resume ID, or a random value, depending on the state of the UE.  Since contention resolution always uses the first 48 bits of the CCCH SDU transmitted in MSG3, the contention resolution procedure (which is specified at the MAC layer) is independent of the actual UE ID provided in MSG3.   
To avoid specifying a different procedure for SI request and connection control, the SI request can also include a UE ID which can  be used for contention resolution.  An indication of the specific SI being requested is also required as part of MSG3 for the NW to know which SI is being requested.  This information can be provided as a bitmap to allow for request of multiple different groups of SI.    
Proposal 5 A UE includes a CCCH SDU in MSG3 containing at least a UE ID and bitmap for the SI request in MSG3 
The contention resolution can use a contention resolution ID MAC CE as in LTE.  Alternatively, the UE could determine whether its request was successful by having MSG4 contain a bitmap of the SI that will be broadcast by the NW.   This would allow the NW to group responses from multiple UEs in the same MSG4.  However, since UEs can request multiple different SI messages in a single request, whether such grouping reduces significantly the number retries in the case of failed SI requests is questionable.  It would also require specification of a new contention resolution procedure which is different than the one used for initial access.     
Proposal 6 A UE determines successful MSG3 if MSG4 contains a contention resolution ID which matches the UE ID transmitted in MSG3. 

In addition to contention resolution information, it should be discussed whether MSG4 should contain additional information specific to the SI request procedure.  In LTE D2D, the NW can force the UE to trigger an RRC connection in order to perform D2D communication using dedicated resource pool configuration.    The indication triggers the UE to establish the RRC connection and receive the information in dedicated signaling.  We expect that similar services will exist in NR where the network may decide whether to perform the service in IDLE or CONNECTED. 
Observation 1:
In LTE, certain services (e.g. D2D, V2X) require the UE to establish an RRC CONNECTION to obtain SI required for that service.
Secondly, it is expected that some services will require the use of a large SIB.  Delivery of SI using beamsweeping will result in a large overhead since the same information needs to be repeated in each beam.  In addition, because the SI needs to be broadcasted to all UEs, the resources used to beamsweep the SI is limited to the minimum bandwidth supported by all UEs (regardless of capability).  For such large SI, it may be more efficient for the NW to deliver the information to such UEs while in RRC_CONNECTED. 
Observation 2:
Due to the need of having to beamsweep large SI messages within the minimum supported UE bandwidth, it may be more efficient to provide such SI messages to UEs in RRC_CONNECTED.

To allow the network to decide whether a specific SI message is broadcast or provided to UEs in RRC_CONNECTED only, a mechanism to signal the transition to RRC_CONNECTED within the SI request procedure could be used.  If the NW wants a UE to receive an SI in RRC_CONNECTED, the support of the service by the cell could be indicated in the minimum SI but the response to on-demand SI request could initiate a transition to RRC_CONNECTED.  This would reduce the need to broadcast any information (other than the support for the service in minimum SI) if the service must eventually be performed in RRC_CONNECTED, and streamline the reception of SI with the transition to CONNECTED.  It would also allow the network to selectively determine, based on the UE ID, whether a specific UE should receive the SI using dedicated signaling.  Since the SI request procedure using MSG3 already is performed using RACH-based procedure, the connection following indication by the NW in MSG4 can be optimized.    
Proposal 7 A UE can receive an indication to move to RRC_CONNECTED in MSG4 of the  on-demand SI request procedure
2.4 SI Request for CONNECTED UEs

The MSG1 and MSG3 based on-demand SI request procedure is applicable for UEs which are in RRC_IDLE or RRC_INACTIVE, since it is based on RACH procedure.  A UE in RRC_CONNECTED may also need to perform such a request when an on-demand SI is not currently being broadcast by the network.  Use of a RACH-based procedure for such a UE is not required since it already has an active RRC connection and can communicate with the network using CONNECTED mode means (SR/BSR, etc).  

In this case, an RRC message is sufficient for sending the SI request.  A similar IE containing a bitmap of the requested SI can be used for RRC_CONNECTED UEs as what is used for MSG3 for the RRC_IDLE and RRC_INACTIVE UEs.
Proposal 8 A UE in RRC_CONNECTED performs an SI request by transmitting an SI Request RRC Message containing the same bitmap used for MSG3-based SI request.

3 Conclusion
In this contribution the following observations we made related to procedure for SI request
Observation 1:
In LTE, certain services (e.g. D2D, V2X) require the UE to establish an RRC CONNECTION to obtain SI required for that service.

Observation 2:
Due to the need of having to beamsweep large SI messages within the minimum supported UE bandwidth, it may be more efficient to provide such SI messages to UEs in RRC_CONNECTED.

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

Proposal 9 Revise the agreement on the indicator in minimum SI to:  “Scheduling information of an SI includes an indicator which signals whether an SI is currently being broadcast by the network”. 

Proposal 10 A UE should only send request for a SI when it has determined that the on-demand SI is not currently being broadcast (i.e. as indicated in minimum SI). 

Proposal 11 No additional indication is needed to differentiate between on-demand SI and periodically broadcast SI. 

Proposal 12 A single PRACH preamble and/or PRACH resource is configured by the NW for requesting one or a group of SI blocks. 

Proposal 13 A UE includes a CCCH SDU in MSG3 containing at least a UE ID and bitmap for the SI request in MSG3 

Proposal 14 A UE determines successful MSG3 if MSG4 contains a contention resolution ID which matches the UE ID transmitted in MSG3. 

Proposal 15 A UE can receive an indication to move to RRC_CONNECTED in MSG4 of the  on-demand SI request procedure

Proposal 16 A UE in RRC_CONNECTED performs an SI request by transmitting an SI Request RRC Message containing the same bitmap used for MSG3-based SI request.
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