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Introduction
In RAN1 #90bis meeting, the following agreements were reached in [1] as extracted below,
Agreements:
· The following parameters for broadcast OSI CORESET are explicitly signaled in the corresponding RMSI.
· SI window configuration, e.g., time offset, duration, and periodicity
· The following parameters for broadcast OSI CORESET are the same as those for the corresponding RMSI CORESET.
· frequency location, bandwidth, and numerology
· FFS: whether above parameters are identical for RMSI CORESETs configured by PBCH in all SS/PBCH blocks which defines a cell from UE perspective.
· FFS: other parameters
Agreements:
· For connected mode UEs, non-broadcast on-demand (i.e. dedicated) OSI transmission is up to gNB scheduling, i.e., no specific handling for non-broadcast on-demand (i.e. dedicated) OSI CORESET

In RAN1 NR#90, the related OSI was specified as follows [2],
Agreements:
· PDSCH carrying the broadcast other system information is scheduled by the PDCCH.

At RAN2 #97bis meeting, the following agreement were reached [3]
Agreements:
· For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.
· 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. 
· 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

At RAN2 #98 meeting, the following agreements were achieved [4]
Agreements:
· For MSG1 based SI request, the minimum granularity of requested SI is one SI message (a set of SIBs as in LTE).
· For MSG1 based SI request, one RACH preamble can be used to request for multiple SI messages.

Agreements for on demand request for broadcast delivery:
· On demand SI request will maximize commonality with the RACH procedure
· Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1 
· FFS: Network sends an acknowledgement in MSG4 to the UE’s SI request sent in Msg3

Agreements:
· Only progress on the two agreed approaches for delivering on-demand system information (via dedicated signalling to RRC_CONNECTED UEs; via SI-Message broadcast to RRC_IDLE and RRC_INACTIVE UEs) and refrain from introducing additional solution variants.

In this contribution, we discuss delivery of other system information.

Discussion
Other System information is defined as those system information other than the minimum SI. RAN2 agreed that the other System Information may either be broadcasted, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE.  RAN1 has agreed that the broadcast delivery of other system information (OSI) is supported by PDSCH transmission and the scheduling information of broadcast PDSCH is PDCCH.
Broadcast delivery of Other System Information
For broadcast delivery of other system information carried by PDSCH, the transmission scheme of PDCCH could be either analog beam-sweeping along with SS-block at different sub-band or digital beam-forming.
a) PDCCH is analog beam-sweeping. The resources for analog beam-swept PDCCH are in the same symbols as those SS-block but different subband. Since PDSCH is analog beam sweeping, the number of SIBs via analog beam swept PDSCH would be limited.
b) PDCCH is digital beam-formed. The resources for digital beam-formed PDCCH are in the different OFDM symbols outside SS blocks. In that case PDSCH is also digital beam-forming. The gNB needs to know the beam index where UEs are associated with.  This will work only when the system information is on-demand with request by UE.   

Proposal 1: PDSCH and PDCCH supporting the broadcast delivery of other system information should be beam-swept in multi-beam configuration. 

On demand delivery of Other System Information
 At RAN2#97bis meeting, regarding the SI request for on-demand transmission, both Msg1 and Msg3 based requests are supported for idle and inactive mode. In [5], 1-bit indication in scheduling information of each SI message is to inform whether the corresponding SI message will be broadcasted in the next transmission window for the SI message. UE checks the corresponding indication first before acquire the desired SIBs at the next transmission window. If the indication shows that the desired SIBs will not be broadcasted in the next transmission window, the UE can send a request and then monitor the requested SI message in the next broadcast occasion. 

On demand SI request by Msg.1
Other SI can be requested for transmission on-demand by RACH preamble.  A set of RACH preambles can be set for the request of on-demand access of Other SI.  If there is no RACH preambles configured for Other SI on-demand access request, RACH preamble for normal initial access would be used for on-demand access request.  Additional information of Other SI on-demand access request might be included in other message for UE to inform gNB. 
Two candidate schemes for on-demand SI request via RACH preamble are as follows, 

· Scheme 1: The set of SIBs not delivered by a beam-specific broadcast are partitioned into different groups.  For instance, each group may contain a single SIB. In another example one group may contain all the SIBs that are not broadcast in a beam. Each SIB group is associated with a unique preamble.  Within certain time periodicity assigned for SI request preambles, an idle or inactive UE requiring a particular group of SIBs transmits the preamble associated with this group in a configured on-demand time-frequency resources. A collision occurs if more than one UE requests the same SIB group in an on-demand SI request occasion. The collision can be avoided by different time-frequency resources allocation for multiple UEs requiring the same SIB group. Furthermore, alternatively a many-to-one relationship can be configured where multiple preambles are associated with the same SIB group. Upon detection of a preamble indicating an SI request, the gNB sends an acknowledgement in MSG2 to inform the UE SI request success. Hence, after UE successfully received an acknowledgement in MSG2 from gNB it will monitor for a PDCCH scheduling a PDSCH conveying a SIB group within the corresponding SI window. Otherwise, if UE did not receive the acknowledgement in MSG 2, it will retransmit the preamble with power ramping similar to preamble retransmission manner for normal initial access. This is line with the RAN2 agreement that Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1.

· Scheme 2: This scheme is similar to the 2-step RACH procedure. A UE transmits a preamble part and a data part in Msg1. The data part contains the SI request. The gNB attempts both preamble detection and data demodulation in Msg1. The same set of preambles can be used for both RACH and SI request. The data part contains a RA message (e.g. RA connection request) or an on-demand SI request. If data demodulation is successful, the gNB either transmits a random access response or a SIB group depending on the data contained in Msg1. 


Proposal 2: UE can transmit on-demand access SI request through RACH Preamble.

On demand SI request by Msg.3
 RACH Msg.3 has the advantage of flexible message size to support the extension of OSI message. In case that an idle or inactive UE checks that no PRACH preamble specific to SIB group which the UE needs to acquire is included in minimum SI, it will transmit SI request using Msg.3. In another case that an idle or inactive UE is in the initial access stage and require obtaining some SIBs in Other SI at the same time the on-demand access request can be included in RACH Msg.3. The On demand SI access request by RACH Msg.3 has the procedure similar to that of normal initial access as seen Figure 1.


Figure 1 Procedure for SI request in Msg.3
a) UE acquiring SIB Group X checks that no broadcast instance by its broadcast indicator ‘0’ and also no dedicated preamble assigned for the corresponding SIB Group X. 
b) UE then determines to transmit SI request using Msg.3.  
c) UE then initiates normal random access procedure. UE selects PRACH preamble and PRACH resource from normal RACH configuration in RMSI for PRACH preamble transmission. 
d) UE then monitors the RAR window for receiving the RAR corresponding to its PRACH transmission. 
e) Upon the successful reception of RAR, UE sends Msg.3 at least including SI request information request and UE ID. In our companion contribution [5], to specify a new RRC message for SI request in Msg.3 other than LTE RRC message reused can avoid confusions between the legacy procedures (e.g. RRC connection establishment procedure) and on-demand SI request procedure.
f) UE then wait for Msg.4 including ACK/NACK for SI request. If received ACK in Msg.4, UE monitors for a PDCCH scheduling a PDSCH conveying a SIB group within the corresponding SI window. If received NACK in Msg.4 or failure to receive Msg.2 or Msg.4, UE will retransmit the preamble with power ramping similar to preamble retransmission manner for normal initial access.

Proposal 3: UE can include on-demand SI request in RACH Msg.3.

On demand SI request in active state
For active state UE, the on-demand access of other system information would be possible when UE has established DL/UL beam correspondence.  It is feasible to schedule other System Information transmission on dedicated PDSCH scheduled by DCI from UE-specific search space of PDCCH.  On-demand access of other system information is carried by RRC dedicated signaling and transmitted with beam-specific dedicated PDSCH scheduled by beam-specific PDCCH. 

Proposal 4: For active state UE, on-demand access of other system information is transmitted with beam-specific PDSCH scheduled by beam-specific PDCCH.


Conclusion
This paper discusses delivery of other system information.  We have the following proposals,
Proposal 1: PDSCH and PDCCH supporting the broadcast delivery of other system information should be beam-swept in multi-beam configuration. 

Proposal 2: UE can transmit on-demand SI access request through RACH Preamble.

Proposal 3: UE can include on-demand SI request in RACH Msg.3.

Proposal 4: For active state UE, on-demand access of other system information is transmitted with beam-specific PDSCH scheduled by beam-specific PDCCH.
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