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The discussion at RAN2#107bis of on-demand system information in RRC_CONNECTED reached the following conclusions:
The on-demand SI request message sent by the UE in RRC_CONNECTED is per SIB. A single message can request multiple SIBs.
For SIBs that need change notification, Rel-15 approach in NR for SI change notification is re-used for on-demand SI request in Rel-16
Upon receiving the on-demand SIB request by the UE, the network responds with an RRCReconfiguration message that includes the requested SIBs (if these are send via dedicated signalling) but no indication about which SIBs are broadcasted.
no mechanism (e.g., prohibit timer) to limit the UE of triggering the on-demand SI procedure too frequently while in RRC_CONNECTED is supported
it is up to network implementation to make sure that the size of a message containing requested SIBs does not exceed the PDCP SDU limitation in NR of 9000 bytes

For now we leave positioning out, it seems unclear whether the above it applicable for positioning, to be ironed out in the positioning session. 

The exclusion of positioning means that these issues need to be re-discussed in the positioning context.  There are additional issues specific to positioning, such as the open question of whether to support request of positioning system information in RRC_IDLE/RRC_INACTIVE, which also need to be resolved.
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Generalities
The selection of assistance data to be transmitted as system information (instead of being transferred via LPP) is negotiated between the LMF and the gNB using the Assistance Information Control and Assistance Information Feedback procedures from [1], outside RAN2 scope.  Given this configuration of SI, the decision on whether to broadcast a particular assistance data element or transmit it on-demand is a matter of gNB implementation (as with any other piece of OSI).  From the UE perspective, the SI scheduling information indicates that certain assistance data are available through the SI mechanism, and the UE is responsible for requesting whatever data it needs that are not already being broadcast.
Idle and inactive modes
Positioning in RRC_IDLE/RRC_INACTIVE is not strictly in the scope of the positioning work item.  However, the assistance data transmitted by broadcast are available to idle UEs, and as observed in discussion at RAN2#107bis, operation in idle mode is important for UEs that are performing ongoing positioning operations, e.g. with RTK—although any LPP assistance data request necessarily takes place in RRC_CONNECTED, subsequent positioning measurements (and computations of the position for the UE-based case) may take place at the UE without needing to remain in connected mode.  Thus, in some sense, positioning in idle/inactive modes is already available for the case of broadcast assistance data, and it would be somewhat perverse to disable this feature for the case that the gNB decides to transmit certain posSIBs on an on-demand basis.
Proposal 1: On-demand system information for positioning should be available to UEs in RRC_IDLE/RRC_INACTIVE.
An alternative approach would be for the UE to transition to RRC_CONNECTED just for the purpose of making the system information request.  This seems less efficient than using the Msg3-based mechanism.  However, if the network wishes to preserve the flexibility to deliver particular posSIBs by unicast rather than broadcast, it might need a way to force idle/inactive UEs to connected mode to receive them.  This possibility can be further discussed.
The apparent specification impact of proposal 1 is limited; it just means that the RRCSystemInfoRequest needs to be extended to allow requesting positioning system information.  This requires critically extending the message (there are not enough spare bits in the message body).  The consequence is that in a single procedure, the UE can request either ordinary system information or positioning system information, but not both.  However, there is a complication as noted in section 2.5.3 below: With certain assumptions, the request message for positioning system information could become too large for the CCCH logical channel.  Thus it could be necessary to define a CCCH1 message for the positioning system information request.
Proposal 2: Either a critical extension of RRCSystemInfoRequest or a new CCCH1 message is provided to allow request of positioning system information by UEs in RRC_IDLE or RRC_INACTIVE.
Connected mode
Prior agreements of the positioning session have already established that it is desirable for UEs in RRC_CONNECTED to be able to receive positioning assistance data on demand.  This still seems valid; for instance, in the MT-LR or NI-LR cases, the UE would be brought to connected mode (if not already there) to receive the initial request, and it fairly clearly should be able to request the needed assistance data without transitioning to idle mode first.
There is something of an ambiguity here in that the UE could send an LPP RequestAssistanceData message to request the needed assistance data directly from the LMF, instead of requesting system information from the gNB.  This decision could be left to UE implementation; however, it also seems reasonable that the decision of the network regarding the use of system information for certain assistance data should be respected.  In case certain assistance data are needed by many UEs, broadcast transmission may be the more efficient way to distribute them.
Proposal 3: The previous decision that it is useful to support on-demand positioning system information delivery for UEs in RRC_CONNECTED is confirmed.
Proposal 4: When a particular assistance data element is available via system information, the UE in RRC_CONNECTED requests the corresponding system information from the gNB rather than requesting the assistance data from the LMF.
Use of dedicated signalling
For the UE in RRC_CONNECTED, it is in general possible to use the RRCReconfiguration message to deliver requested system information in a unicast manner.  In Rel-15 this mechanism is restricted to the PWS SIBs, but there would be no particular obstacle to extending it to support additional structures such as the posSIBs/posSIs.  There is also no ASN.1 impact; the dedicatedSystemInformationDelivery container can already contain an arbitrary SystemInformation message without regard to what SIBs are included in it, and the limitation to PWS SIBs is based on an added requirement in the field description.
In general, the decision of the gNB on whether to distribute system information by broadcast or unicast should be respected; thus it seems valid to support sending the positioning system information by unicast.  For a UE already in RRC_CONNECTED, there is no extra impact to monitor for the RRCReconfiguration message.
Proposal 5: The facility for dedicated signalling of system information in the RRCReconfiguration message is extended to include positioning system information.
Granularity of the request: posSI vs. posSIB
2.5.1	Background
For both the RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE cases, it needs to be decided whether the system information request is per posSIB or per posSI.  As noted in the introduction, RAN2#107bis already decided that for the general connected-mode case the request is per SIB, but assuming the request for positioning system information is achieved by a critical extension, there is no real obstacle to having a different structure for the positioning case.
In our understanding, the following concerns were raised related to this decision:
1. The assistance data are already logically grouped by posSI, and a typical request would need to request multiple posSIBs that would then need to be delivered together.
2. A request for a posSIB may be ambiguous in the case that the same posSIB is provided for multiple GNSSs.
3. There was some uncertainty in the discussion at RAN2#107bis as to whether the SystemInformation message can contain multiple instances of the same SIB/posSIB.
We address these concerns, along with the question of consistency between the positioning solution and other solutions, in the following sections.
2.5.2	Request for multiple posSIBs
Regarding the request for multiple posSIBs, the message format should be able to accommodate such a request (in the existing message, the requested SIs are indicated by a bitmap, which could simply be replaced with a bitmap of posSIBs), and the gNB then needs to formulate a SystemInformation message containing the requested posSIBs—which may or may not be identical to any already existing SystemInformation message from the broadcast schedule.  This does not appear to be a functional obstacle.
Observation 1: A request for multiple posSIBs, and a response containing the corresponding multiple posSIBs, is possible with signalling directly derived from the existing LTE messages.
2.5.3	Disambiguating different GNSSs
Regarding the ambiguity of the request where multiple GNSSs are involved, it was suggested in [2] that the UE could indicate which GNSSs/SBASs are of interest as part of the request.  This seems to be the only source of ambiguity regarding which instance of a posSIB is needed, so it would be possible to request posSIBs unambiguously by sending the following information:
Bitmap of requested posSIBs (maxPosSIB bits—27 currently defined in LTE, 5 currently proposed for PPP-RTK, with more foreseeable in the future e.g. when NavIC is introduced to NR)
Bitmap of requested GNSSs (6 currently defined in NR with NavIC foreseeable as a 7th, and the possibility of extension would be needed)
· If it is only allowed to request one GNSS at a time, this could be reduced e.g. to 4 bits for an enumerated value (which, however, would need to be OPTIONAL, adding one additional bit)
Bitmap of requested SBASs (4 currently defined in NR with the potential need for extension)
· If it is only allowed to request one SBAS at a time, this could be reduced e.g. to 3 bits for an enumerated value (which, however, would need to be OPTIONAL, adding one additional bit)
If the request is only allowed in connected mode, these overhead calculations are not really an issue—either form of the message is short by DCCH standards.  However, if it is also supported for RRC_IDLE/RRC_INACTIVE, as suggested in proposal 1, there is a size constraint imposed by the message-3-based mechanism: The message must fit on CCCH or CCCH1.
If 36 bits are allocated for the posSIB bitmap to allow some future room for expansion, the GNSSs are given 10 bits, and the SBASs are given 6 bits, this would come to a total of 52 bits—too large for CCCH, although it would fit on CCCH1.  This would require defining a new CCCH1 message rather than critically extending the existing RRCSystemInfoRequest message.  With the shorter format allowing request of only one GNSS and one SBAS at a time, the total would be 45 bits, which is under the 48-bit limit for CCCH.  The message type occupies 2 bits and the critical extensions CHOICE flag occupies 1 bit, bringing the size to exactly the 48-bit limit.  It would never be possible to extend the message again (there is no room to add a second level of the criticalExtensions CHOICE structure).  The extension mechanism could be preserved by reducing the posSIB bitmap to 35 bits.
Observation 2: If multiple GNSSs and multiple SBASs can be requested simultaneously for a request with posSIB granularity, the resulting request message is too large for the CCCH logical channel, and a new message on CCCH1 needs to be defined.
Within the CCCH constraints, a critical extension of the RRCSystemInfoRequest could be defined for posSIB requests, containing:
35 bits for a bitmap of requested posSIBs
4 bits (+1 optionality bit) to identify a single GNSS
3 bits (+1 optionality bit) to identify a single SBAS
Observation 3: If a single GNSS and a single SBAS can be requested at a time for a request with posSIB granularity, the resulting request message can be made to fit on the CCCH logical channel (if the space for extension of the number of posSIBs is strictly limited), and it could be implemented as a critical extension of the RRCSystemInfoRequest message.
On the other hand, if SI granularity is used in the request, the SI bitmap would be limited to maxSI-Message, which is a hard limit of 32 bits.  There is no need in this case to identify the GNSS(s) or SBAS(s) in the request, as they are already associated with the SI message (assuming the same structure for the scheduling list as in LTE).  Thus the message fits within the constraints of the CCCH with room to spare.
Observation 4: For a request with posSI granularity, the request message fits on the CCCH logical channel.
As noted, these message sizes are not an issue in connected mode.
Observation 5: For a request in connected mode, either posSIB or posSI granularity is feasible from a message size perspective.
2.5.4	Multiple instances of the same posSIB
The SystemInformation message contains a SEQUENCE of CHOICE structures, each branch of the CHOICE containing a single instance of a SIB (or posSIB in the existing LTE structure).  In LTE, the ASN.1 for the positioning system information reads as follows:
PosSystemInformation-r15-IEs ::= SEQUENCE {
	posSIB-TypeAndInfo-r15			SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
		posSib1-1-r15					SystemInformationBlockPos-r15,
		posSib1-2-r15					SystemInformationBlockPos-r15,
		posSib1-3-r15					SystemInformationBlockPos-r15,
		posSib1-4-r15					SystemInformationBlockPos-r15,
		posSib1-5-r15					SystemInformationBlockPos-r15,
		posSib1-6-r15					SystemInformationBlockPos-r15,
		posSib1-7-r15					SystemInformationBlockPos-r15,
		posSib2-1-r15					SystemInformationBlockPos-r15,
		posSib2-2-r15					SystemInformationBlockPos-r15,
		posSib2-3-r15					SystemInformationBlockPos-r15,
		posSib2-4-r15					SystemInformationBlockPos-r15,
		posSib2-5-r15					SystemInformationBlockPos-r15,
		posSib2-6-r15					SystemInformationBlockPos-r15,
		posSib2-7-r15					SystemInformationBlockPos-r15,
		posSib2-8-r15					SystemInformationBlockPos-r15,
		posSib2-9-r15					SystemInformationBlockPos-r15,
		posSib2-10-r15					SystemInformationBlockPos-r15,
		posSib2-11-r15					SystemInformationBlockPos-r15,
		posSib2-12-r15					SystemInformationBlockPos-r15,
		posSib2-13-r15					SystemInformationBlockPos-r15,
		posSib2-14-r15					SystemInformationBlockPos-r15,
		posSib2-15-r15					SystemInformationBlockPos-r15,
		posSib2-16-r15					SystemInformationBlockPos-r15,
		posSib2-17-r15					SystemInformationBlockPos-r15,
		posSib2-18-r15					SystemInformationBlockPos-r15,
		posSib2-19-r15					SystemInformationBlockPos-r15,
		posSib3-1-r15					SystemInformationBlockPos-r15,
		...
	},
	lateNonCriticalExtension		OCTET STRING							OPTIONAL,
	nonCriticalExtension			SEQUENCE {}								OPTIONAL
}

There is no structural obstacle to a single SystemInformation message containing multiple instances of the same posSIB; it simply means that there are two entries in the SEQUENCE OF structure that take the same branch of the CHOICE.
Observation 6: If necessary, multiple instances of the same posSIB can be delivered in a single SystemInformation message.
It should be noted that the posSIB itself does not contain its own mapping metadata; e.g., it does not indicate which GNSS/SBAS it applies to.  This also applies to the SystemInformation message.  Thus, it seems necessary to provide the mapping metadata in the downlink message when unicast delivery is used (whether the request is per posSIB or per posSI).
Observation 7: Mapping metadata need to be provided when a posSI or posSIB is sent via dedicated signalling.
2.5.5	Consistency with the connected-mode decision
As noted in the introduction, during RAN2#107bis, it was determined that for the general (non-positioning) case, the system information request in connected mode is per-SIB.  However, we see no particular urgency in aligning to this decision for the positioning request, for the following reasons:
1. The number of posSIBs exceeds the number of SIBs, and a per-SIB request needs to be accompanied by mapping metadata (e.g. the GNSS ID(s)), so that a per-posSIB request in RRC_IDLE/RRC_INACTIVE encounters message size constraints that are not an issue for a per-SIB request.
2. The idle/inactive-mode request for the non-positioning case is already per-SI, so there is an inconsistency already between RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED.
3. The positioning system information in any case needs to be requested separately, since there is an entirely separate structure of posSIBs and posSI messages; the request cannot simply extend the already existing list of SIBs.
On the other hand, assuming proposal 1 is agreed and the positioning system information request is supported in idle/inactive mode, there seems no particular reason to enforce consistency between the requests for idle/inactive and connected modes.  As noted above, there is an inconsistency already between the idle/inactive and connected requests for “regular” system information, and it could be argued that the most consistent approach to positioning requests is to mirror this inconsistency: per-SI in idle/inactive mode, per-SIB in connected mode.
Observation 8: There is no particular need to enforce consistency between the requests for positioning and non-positioning system information, or between the requests in idle/inactive and connected modes.
2.5.6	Proposals
On balance, considering the above observations, it seems that either posSIB or posSI granularity is feasible, although using posSIB granularity creates message-size constraints when used for idle/inactive mode.  We suggest that from a spec-maintenance perspective, the most consistent and readable way forward may be to mirror for positioning what was done for non-positioning system information, and make the request per-posSI in idle/inactive mode (to take advantage of the more compact message size) and per-posSIB in connected mode (to match the non-positioning system information and give the network some flexibility to avoid sending unnecessary posSIBs).
It is also necessary, as noted in observation 7, to provide the posSIB mapping information along with the delivery in dedicated signalling.
Proposal 6: In RRC_IDLE/RRC_INACTIVE, the positioning system information request is per-SI, based on a critical extension of the RRCSystemInfoRequest message.
Proposal 7: In RRC_CONNECTED, the positioning system information request is per-SIB, based on the proposed ConnectedModeSysInfoRequest message (which would have to have appropriate fields added).
Proposal 8: For unicast delivery of positioning system information, the RRCReconfiguration is extended to optionally include the mapping metadata for the contained posSIBs.
Conclusion
This document promulgated the following proposals:
Proposal 1: On-demand system information for positioning should be available to UEs in RRC_IDLE/RRC_INACTIVE.
Proposal 2: Either a critical extension of RRCSystemInfoRequest or a new CCCH1 message is provided to allow request of positioning system information by UEs in RRC_IDLE or RRC_INACTIVE.
Proposal 3: The previous decision that it is useful to support on-demand positioning system information delivery for UEs in RRC_CONNECTED is confirmed.
Proposal 4: When a particular assistance data element is available via system information, the UE in RRC_CONNECTED requests the corresponding system information from the gNB rather than requesting the assistance data from the LMF.
Proposal 5: The facility for dedicated signalling of system information in the RRCReconfiguration message is extended to include positioning system information.
Proposal 6: In RRC_IDLE/RRC_INACTIVE, the positioning system information request is per-SI, based on a critical extension of the RRCSystemInfoRequest message.
Proposal 7: In RRC_CONNECTED, the positioning system information request is per-SIB, based on the proposed ConnectedModeSysInfoRequest message (which would have to have appropriate fields added).
Proposal 8: For unicast delivery of positioning system information, the RRCReconfiguration is extended to optionally include the mapping metadata for the contained posSIBs.
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