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1	Introduction
RAN2 #96 has made the following agreements with respect to scheduling and delivery of other SI [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.

Moreover, RAN2 #98 has constrained the delivery of other SI to the following two options [2]:
Agreements
1	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.

Meanwhile, RAN 1 has progressed on defining the association between the SSB index and the monitoring window of PDCCH containing the scheduling information for on-demand SI message [3]:
Agreements:
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.

So far, the baseline assumption is that an on-demand SI message will be delivered by broadcast on all beams for RRC_IDLE/RRC_INACTIVE UEs. In this contribution, we discuss the two remaining options for delivering an on-demand SI message for UEs in RRC_IDLE/RRC_INACTIVE.
2	Discussion
2.1	Broadcast on all beams
In RRC_IDLE/RRC_INACTIVE, before requesting an SI message, the UE checks in Minimum SI whether the SI message is delivered by broadcast or not. If Minimum SI indicates the SI message is not broadcasted, the UE sends the SI request, otherwise it refrains from sending the request and listens directly to the SI window according to the scheduling information provided by Minimum SI. In this case, the on-demand SI message will be delivered by broadcast on all beams as soon as one UE requests an SI message. 
Observation 1: The on-demand SI message will be delivered by broadcast on all beams as soon as one UE requests an SI message.
For receiving the on-demand SI message, the UE needs to synchronize first using SS blocks and determine, based on the association with the SS block index, the monitoring window of the PDCCH scheduling the on-demand SI message. 
For systems operating at higher carrier frequencies, the on-demand SI message can be transmitted up to 64 different directions (beams) resulting in high signalling overhead if only one or few UEs have requested the SI message.
Observation 2: Transmitting an on-demand SI message on all beams results in high signalling overhead if only one or few UEs have requested the SI message.
2.2	2.2	Broadcast in subset of beams
One alternative approach is to transmit the requested on-demand SI message in a subset of beams as proposed in [4]. In this case, the network sends the requested on-demand SI message only on the downlink beams associated with the received SI requests. After transmitting an SI request associated with a SS block X, the UE should expect receiving the on-demand SI message from time occasions associated with same SS block X. 
Observation 3: Instead of broadcasting the on-demand SI message on all beams, the network can send the requested on-demand SI message only on the downlink beams associated with received requests.
Observation 4: Broadcasting an on-demand SI message in subset of beams reduces the signalling overhead in case few UEs requested the SI message.
In this case, the network would not set the broadcast indication of the on-demand SI message in the RMSI. This is because the on-demand SI message is not broadcasted on all beams but rather delivered in a specific downlink direction upon receiving an SI request. Moreover, a UE that has requested a certain on-demand SI message shall not be mandated to check any associated broadcast flag before trying to receive it, i.e., UE does not check the RMSI for broadcast once the SI request has been sent and before the SI message is received. As stated in [4], the decision on whether to broadcast the on-demand SI message on all beams or in a subset can be left for the network implementation.
This delivery approach may have the problem that the downlink beam associated with the SI request may no longer be valid for receiving the message in an SI window. In other words, the best reception downlink beam of the UE may change while waiting for the SI window due to, e.g., obstruction by moving obstacles, pedestrians or UE movement or rotation. As such, the UE may fail to receive the requested SI message in the SI window since the network won’t deliver it in the new beam direction detected by the UE. This problem is likely to occur because the time duration between the time the SI request is sent and the occurrence of the SI window can be quite large depending on the configuration of SI periodicity. For instance, if LTE values of SI periodicity are taken as baseline, the time duration can be 80 ms, 160 ms, 320 ms, 640 ms, 1.28 s, 2.56 s and 5.12 s.
Observation 5: Broadcasting an on-demand SI message in subset of beams may have the risk that the UE may detect a different DL beam while waiting for the SI window, and consequently, it may fail to receive the requested SI message.
Proposal 1: RAN 2 to discuss the feasibility of broadcasting an on-demand SI message in subset of all beams.
2.3	Transitioning RRC_IDLE/RRC_INACTIVE UEs to RRC_CONNECTED state
The second alternative would be to move the RRC_IDLE/RRC_INACTIVE UEs to RRC_CONNECTED state. Unlike the other two schemes, this approach requires a state transition. In RRC_CONNECTED state, the on-demand SI message can be delivered by unicast transmission benefiting from link adaptation, advanced transmission techniques, etc.
Observation 6: Unicast transmission of on-demand SI message can be performed by transiting the RRC_IDLE/RRC_INACTIVE UEs to RRC_CONNECTED state.
The network can configure the RRC_IDLE/RRC_INACTIVE UEs to move to RRC_CONNECTED state for requesting and receiving an on-demand SI message. This can be achieved by including a new indication in the RMSI which indicates if on-demand SI is supported only in RRC_CONNECTED state. Before sending an SI request, the UE checks first the indication in RMSI: If it is set, the UE moves to RRC_CONNECTED and requests the SI message. Otherwise, the UE will check if the other SI message will be delivered by broadcast or not. If the other SI message will be delivered by broadcast, the UE does not send the SI request and listens directly to the SI window.
Proposal 2: The network can command the RRC_IDLE/RRC_INACTIVE UEs to move to RRC_CONNECTED state for requesting and receiving an on-demand SI message. 
Proposal 3: RMSI contains an indication that an RRC_IDLE/RRC_INACTIVE UE needs to move to RRC_CONNECTED state for requesting and receiving an on-demand SI message.
3	Conclusion
In this contribution, we have discussed the three delivery approaches of on-demand SI message for RRC_IDLE/RRC_INACTIVE UEs. The observations and proposals are summarized in the following:
Observation 1: The on-demand SI message will be delivered by broadcast on all beams as soon as one UE requests an SI message.
Observation 2: Transmitting an on-demand SI message on all beams results in high signaling overhead if only one or few UEs have requested the SI message.
Observation 3: Instead of broadcasting the on-demand SI message on all beams, the network can send the requested on-demand SI message only on the downlink beams associated with received requests.
Observation 4: Broadcasting an on-demand SI message in subset of beams reduces the signaling overhead in case few UEs requested the SI message.
Observation 5: Broadcasting an on-demand SI message in subset of beams may have the risk that the UE may detect a different DL beam while waiting for the SI window, and consequently, it may fail to receive the requested SI message.
Observation 6: Unicast transmission of on-demand SI message can be performed by transiting the RRC_IDLE/RRC_INACTIVE UEs to RRC_CONNECTED state.

Proposal 1: RAN 2 to discuss the feasibility of broadcasting an on-demand SI message in subset of all beams.
Proposal 2: The network can command the RRC_IDLE/RRC_INACTIVE UEs to move to RRC_CONNECTED state for requesting and receiving an on-demand SI message. 
Proposal 3: RMSI contains an indication that an RRC_IDLE/RRC_INACTIVE UE needs to move to RRC_CONNECTED state for requesting and receiving an on-demand SI message.
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