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1	Introduction
As described in 3GPP TS 38.331 [1], in NR, it is possible to deliver on-demand system information to UEs regardless of the RRC state on which they are operating (e.g., RRC_CONNECTED, RRC_IDLE, or RRC_INACTIVE).
Since this RRC procedure may impact different 3GPP WIs, in this contribution we illustrate the general principles that can be adopted and what standardization efforts are required.
[bookmark: _Ref178064866]2	Discussion
2.1	On-demand SI request in RRC_CONNECTED
In NR, in case a UE wants to request a particular SI, it has the opportunity to do it via a dedicated random access preamble, or by sending a system information request message (i.e., called RRCSystemInfoRequest) to the network. If an acknowledgment for the system information request message is then received from lower layer, the UE proceed to acquire the system information message(s) following the normal procedure for acquiring a SI message as described in clause 5.2.2.3.2 of 3GPP TS 38.331.

[image: ]
Figure 1 System information acqusition procedure

This procedure is applied, without any differences, to all UE in RRC_CONNECTED, RRC_IDLE, and RRC_INACTIVE. On top of this, for a UE in RRC_CONNECTED, the network can provide system information through dedicated signalling using the RRCReconfiguration message, e.g. if the UE has an active BWP with no common search space configured to monitor system information or paging.
[bookmark: _Toc16797628]In Idle mode, UE can request on-demand SI(s) via configured random access preamble or by sending a system information request message (i.e., called RRCSystemInfoRequest) to the network.
[bookmark: _Toc16797629]In connected mode, SI(s) messages can be transmitted on the DL-SCH or via dedicated signalling (i.e., using the RRCReconfiguration message).
However, it is worth noticing that the RRCSystemInfoRequest message that the UE uses to request certain SI message(s) can be sent only over SRB0. Therefore, there is no mechanism for an RRC_CONNECTED UE to send a request to the network for acquiring a SI message(s).
[bookmark: _Toc16797630]The on-demand system information request procedure is not supported for UE in RRC_CONNECTED.
According to this enabling the request of a particular SI message(s) for UEs in RRC_CONNECTED, would bring potential benefits in many WIs currently discussed in Rel-16. 
For instance, in the context of positioning, it is desirable to provide Positioning System Information (posSI) content via unicast when there are relatively few users requiring the posSI in a cell. If the user is already in connected mode, then it can avail this mechanism to request the required posSI from the network thus minimizing the need of broadcast.
[bookmark: _Toc16797631]On-demand SI(s) is beneficial for positioning as it gives opportunity to the UE to acquire the needed information by a simple request while in connected mode and this may reduce the reliant on a broadcast mechanism.
Enabling the request of a particular SI for RRC_CONNECTED UEs via dedicated signalling, would be particularly beneficial also for NR transmissions in unlicensed spectrum. In fact, since in such a case the channel quality is inherently unstable and thus not reliable, HARQ can be applied and the network can guarantee that the requested SI is actually delivered successfully to the UE. In addition, dedicated RRC signaling allows tailored link adaptation, including narrow beamforming towards the requesting UE, which is more resource efficient than general broadcasting.
[bookmark: _Toc16797632]On-demand SI request for UEs in RRC_CONNECTED via dedicated RRC signalling enables successful delivery of SI to the UE in a more resource efficient way than general broadcasting. 
On top of this, in general there may be occasions where a UE in RRC_CONNECTED is not able to successfully acquire a broadcasted SI message, even though it may maintain its dedicated connection to the gNB. This may the case when the UE has an active BWP with no common search space configured to monitor system information or paging. This is not an option for the broadcasted transmissions. Since there may be SIBs that are part of “other SI”, i.e. SIB2 and above, which are broadcasted and thus not provided on-demand, the UE may be unable to acquire some of the other SI, which is broadcasted. At the same time the UE may request the SIBs that are only provided on-demand through dedicated signalling, and thus receive those via dedicated signalling. We therefore think it should be discussed if the UE should be allowed to request (through the dedicated signalling) also SIBs that are being broadcasted in the cell, in case the UE is not able to successfully receive the broadcasted transmission of the corresponding SI message.
This was also under discussion in the previous RAN2 meeting and the following agreements were reached in RAN2#101:
Agreement
1	On demand request for SI in connected will not be specified in R15 (can be specified in a later release when SIBs are defined that would benefit from this mechanism).
2	UE behaviour will not be specified for the case that a UE in connected mode fails to successfully received a modified SIB1 that is temporarily broadcast on the UEs active BWP.

Therefore, allowing the dedicated RRC signaling for both request and delivery of on-demand SI would guarantee a more reliable and resource efficient procedure with respect to the broadcast solution. According to this, the on-demand SI procedure for UE in RRC_CONNECTED (i.e., via dedicated RRC signalling) should be supported in Release 16.
[bookmark: _Toc16797621]On-demand SI(s) procedure via dedicated RRC signalling is supported for UE in RRC_CONNECTED.
In some cases, such as for positioning where several posSIBs have been defined, the NW may not support all of that. Besides, some of the posSIBs may not be part of posSI-Scheduling, thus there may not be any SI-broadcastStatus tag corresponding to those SIBs. In such case, NW should provide the list of posSIBs that are supported. The UE should, before performing the request, verifies the list and sends the request accordingly.
[bookmark: _Toc16797622]The UE requests SIB(s) based on a supported list of SIB(s) provided by the network.
Another aspect that is worth to discuss is what are the standardization effort required to enable the on-demand SI(s) procedure to be supported for UEs in RRC_CONNECTED. According to this, two possible solution can be considered:
Option 1. The existing RRC message that is used for requesting on-demand SI(s) for UEs in RRC_IDLE/RRC_INACTIVE, i.e., RRCSystemInfoRequest, is reuse also of UEs in RRC_CONNECTED.
Option 2. A new RRC message is specified for enabling on-demand SI(s) procedure via dedicated RRC signalling is supported for UE in RRC_CONNECTED.
Even if both options may work fine for the purpose, a cleaner solution would be to go for Option 2. In fact, according to 3GPP TS 38.331 [1], the RRCSystemInfoRequest message is sent via SRB0 and the CCCH logical channel and with the TM RLC mode. In case we would like to use this same message also for UE in RRC_CONNECTED, this should be sent via SRB1 and DCCH logical channel with the AM RLC mode. Of course, also security requirement would be difference since a UE in RRC_CONNECTED would be allowed to send the RRCSystemInfoRequest message only after that security is activate. For this reason, the Option 2 is more clear, simpler and has less standardization impact. Therefore, we propose:
[bookmark: _Toc16797623]UEs in RRC_CONNECTED requests on-demand SI(s) via a new dedicated RRC message e.g., OnDemandSibRequest.
Once the network receives the on-demand SI(s) request by the UE in connected mode, then a straightforward solution would be to re-use the principles that are already used for the UEs in idle or inactive mode. In fact, in the RRCReconfiguration message in 3GPP TS 38.331 [1] we have the following:
RRCReconfiguration-v1530-IEs ::=            SEQUENCE {
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    fullConfig                              ENUMERATED {true}                                                      OPTIONAL, -- Cond FullConfig
    dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedNAS-Message                     OPTIONAL, -- Cond nonHO
    masterKeyUpdate                         MasterKeyUpdate                                                        OPTIONAL, -- Cond MasterKeyChange
    dedicatedSIB1-Delivery                  OCTET STRING (CONTAINING SIB1)                                         OPTIONAL, -- Need N
    dedicatedSystemInformationDelivery      OCTET STRING (CONTAINING SystemInformation)                            OPTIONAL, -- Need N
    otherConfig                             OtherConfig                                                            OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1540-IEs                                           OPTIONAL
}

Therefore, the sending of on-demanding system information via dedicated RRC signalling is already supported and no standardization efforts are required to support this functionality. Thus:
[bookmark: _Toc16797633]Current ASN.1 already supports the sending of SI to the UE via dedicated RRC signaling.
The UE should then transmit a dedicated RRC SI request message to request system information it requires, which is indicated as available on-demand in SIB1. The UE in RRC_CONNECTED thus needs to check the SI scheduling information in SIB1 prior to sending the SI request, just as for a UE in RRC_IDLE or RRC_INACTIVE.
[bookmark: _Toc16797624]The UE in RRC_CONNECTED is allowed to request SI(s) that are available as on-demand in SIB1.
2.1	Provision of system information in RRC_CONNECTED
After the UE in RRC_CONNECTED has sent the dedicated SI request message, two alternatives can be identified for provision of the requested system information:
1. The network sends dedicated (RRC) SI message(s) to the UE. The dedicated SI message is addressed only to the requesting UE, using its C-RNTI.
2. The UE acquires the requested system information from broadcasted transmissions, i.e. the transmissions in the SI windows for the SI message as indicated in the SI scheduling information in SIB1. A broadcasted SI message transmission is addressed to all interested UEs using the SI-RNTI.
By using dedicated signalling to the UE in RRC_CONNECTED it is possible to use UE specific beamforming as well as e.g. HARQ based retransmissions and selection of modulation and coding scheme. It is also possible to only include SIBs that are required by the specific UE in the transmission. This dedicated signalling of system information to a UE in RRC_CONNECTED could then also be used by the network to provide system information that is overriding the corresponding broadcasted one.
The drawback with the dedicated signalling is that it requires additional UE specific signalling of SIBs/SI messages, which might be broadcasted in parallel by the network e.g. if there are UEs in RRC_IDLE/RRC_INACTIVE that have requested it. It should therefore be possible to indicate to the UE in RRC_CONNECTED that it shall instead receive the corresponding broadcasted SI message(s) to receive the requested SIB(s), or one or some of the requested SIB(s).
Alternative 1, i.e. to provide the requested SI through dedicated signalling, has already been agreed and included in stage 2. It is here proposed that also alternative 2, i.e. provisioning of the requested system information through broadcasted transmissions, shall be supported.
[bookmark: _Toc16797625]The network should be able to indicate to the UE in RRC_CONNECTED that it will not provide (all) the requested SIB(s) through dedicated signalling to the UE, and that the UE then instead should acquire the non-provided SIB(s) from broadcasted transmissions.
Even if the requested system information is provided to the UE through dedicated signalling, it should be possible for the network to include other SIBs than the ones that the UE has requested. This would e.g. allow for the network to provide other SIBs that are currently being updated, and which the UE otherwise would need to acquire/request, or to provide parameter values different from the broadcasted ones for another SIB to the specific UE. The inclusion of other SIBs than the requested ones in the SI message would also allow the network to use, in the dedicated signalling, the same SI message (content) as the one that is used for broadcast.
It should also be possible for the network to provide several versions of a certain SIB to the UE. That way, if the UE stores two versions of a SIB, it is possible to toggle between the 2 versions without requiring that the UE requests (or even reacquires) the SIB. The provided versions of the SIB then need to be separated through different valueTag values. It shall therefore be possible to determine the valueTag that the provided SIB is associated with, either through inclusion of the valueTag for the version of the SIB that is provided as a field in the actual SIB itself, or by including it in the RRC message containing the SIB, but then outside the SIB. This is also needed to allow that the network provides the UE in RRC_CONNECTED with a SIB that is currently being updated. The valueTag of the SIBs should however also be included in SIB1, as part of the SI scheduling information.
[bookmark: _Toc16797626]The network may also provide other SIBs than the one requested by the UE in an SI message that is sent dedicated to the UE in RRC_CONNECTED.
[bookmark: _Toc16797627]The valueTag associated with the version of a SIB that is provided through dedicated signalling should be indicated to the UE, either by inclusion of the valueTag in the SIB itself or by including it in the dedicated RRC message containing the SIB (outside the SIB).
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	In Idle mode, UE can request on-demand SI(s) via configured random access preamble or by sending a system information request message (i.e., called RRCSystemInfoRequest) to the network.
Observation 2	In connected mode, SI(s) messages can be transmitted on the DL-SCH or via dedicated signalling (i.e., using the RRCReconfiguration message).
Observation 3	The on-demand system information request procedure is not supported for UE in RRC_CONNECTED.
Observation 4	On-demand SI(s) is beneficial for positioning as it gives opportunity to the UE to acquire the needed information by a simple request while in connected mode and this may reduce the reliant on a broadcast mechanism.
Observation 5	On-demand SI request for UEs in RRC_CONNECTED via dedicated RRC signalling enables successful delivery of SI to the UE in a more resource efficient way than general broadcasting.
Observation 6	Current ASN.1 already supports the sending of SI to the UE via dedicated RRC signaling.

Based on the discussion in the previous sections we propose the following:
Proposal 1	On-demand SI(s) procedure via dedicated RRC signalling is supported for UE in RRC_CONNECTED.
Proposal 2	The UE requests SIB(s) based on a supported list of SIB(s) provided by the network.
Proposal 3	UEs in RRC_CONNECTED requests on-demand SI(s) via a new dedicated RRC message e.g., OnDemandSibRequest.
Proposal 4	The UE in RRC_CONNECTED is allowed to request SI(s) that are available as on-demand in SIB1.
Proposal 5	The network should be able to indicate to the UE in RRC_CONNECTED that it will not provide (all) the requested SIB(s) through dedicated signalling to the UE, and that the UE then instead should acquire the non-provided SIB(s) from broadcasted transmissions.
Proposal 6	The network may also provide other SIBs than the one requested by the UE in an SI message that is sent dedicated to the UE in RRC_CONNECTED.
Proposal 7	The valueTag associated with the version of a SIB that is provided through dedicated signalling should be indicated to the UE, either by inclusion of the valueTag in the SIB itself or by including it in the dedicated RRC message containing the SIB (outside the SIB).

[bookmark: _In-sequence_SDU_delivery]5	References
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