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Introduction
In the previous RAN1 and RAN2 meetings several agreements have been reached in the area of system information broadcast and initial access (see section 4). In this paper we focus on the realization of the on-demand broadcast and propose further aspects both for CONNECTED and IDLE mode.
[bookmark: _Ref178064866]Discussion
RRC CONNECTED
For the sake of simplicity but also to take full benefit of beamforming, link adaptation, HARQ and other connected mode functionality, the request and delivery of on-demand system to RRC CONNECTED UEs should be realized as RRC procedure:
[bookmark: _Toc464837978][bookmark: _Toc464839035][bookmark: _Toc464839052][bookmark: _Ref464835933][bookmark: _Toc466046476][bookmark: _Toc466047435][bookmark: _Toc466047490][bookmark: _Toc466065284]An RRC CONNECTED UE sends a RRC SI-Request message to the NW if it determines the need to (re-)acquire on-demand SI.
[bookmark: _Toc464837979][bookmark: _Toc464839036][bookmark: _Toc464839053][bookmark: _Toc466046477][bookmark: _Toc466047436][bookmark: _Toc466047491][bookmark: _Toc466065285]The eNB delivers on-demand SI to an RRC CONNECTED UE by means of an RRC message (e.g. RRCConnectionReconfiguration). This may happen either in response to a request by the UE (reactively) or when the eNB intends to update the SI (proactively).
RRC IDLE
At RAN2-95bis it was agreed that “Request of the other SI by idle and “new state” UE should be performed without state transition”. Preferably, the UE should send a preamble-like signal at a preconfigured time/frequency resource in response to which the eNB delivers the SI. While the details may be for RAN1 to agree upon, we consider it beneficial to clarify RAN2’s intention and to ask RAN1 to assess the feasibility and to investigate the details further:
[bookmark: _Toc464837980][bookmark: _Toc464839037][bookmark: _Toc464839054][bookmark: _Toc466046478][bookmark: _Toc466047437][bookmark: _Toc466047492][bookmark: _Toc466065286]RAN2 assumes that, to request on-demand system information, the UE sends a preamble-like signal. The request should be sent on a common/shared resource. The eNB should be able to detect a request if one or more UEs send their preamble in the same resource (feasibility and realization should be assessed by RAN1).
The above-mentioned request in the form of a transmitted preamble should trigger the delivery of the corresponding system information. RAN2 agreed that “for on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration”. We consider it desirable to maintain commonalities among the different SI-delivery mechanisms. We therefore suggest that the broadcast of on demand SI should be delivered in the same way as SI broadcast that the network provides without a preceding request. Following the LTE System Information delivery principles, we propose the following: 
[bookmark: _Toc464837981][bookmark: _Toc464839038][bookmark: _Toc464839055][bookmark: _Toc466046479][bookmark: _Toc466047438][bookmark: _Toc466047493][bookmark: _Toc466065287]Upon receiving a SI request from one or more UEs, the eNB schedules and transmits the corresponding SI-message in the SI-window configured for that SI message. 
In other words, the delivery of on-demand System Information to IDLE UEs follows the SI scheduling in LTE except that the eNB may omit delivery of a SI in an SI-window if no UE requested that information.
Another advantage of is scheme is that multiple UEs can acquire the system information from the same broadcast transmission – including UEs that have not previously sent the request. Like the regular (non-requested) broadcast this is useful whenever multiple UEs should acquire the SI in the same modification period, e.g. when multiple UEs move in a group (e.g. in a bus or a train) into a new cell or when the network updates the system information. 
At RAN2-95bis it was agreed that “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)”. To make it more concrete, we believe that the network will indicate in the schedulingInfoList which SIBs are provided by this cell and in which SI-message they are included. In addition, the NR schedulingInfoList should indicate for which of the SI-messages the UE must request the delivery, i.e., which SI messages the network transmits only upon request. 
[bookmark: _Toc464837984][bookmark: _Toc464839041][bookmark: _Toc464839058][bookmark: _Toc466046480][bookmark: _Toc466047439][bookmark: _Toc466047494][bookmark: _Toc466065288]The eNB may indicate in the schedulingInfoList that an SI-Message is only provided upon request. 
[bookmark: _Toc464837985][bookmark: _Toc464839042][bookmark: _Toc464839059][bookmark: _Toc466046481][bookmark: _Toc466047440][bookmark: _Toc466047495][bookmark: _Toc466065289]The eNB may decide to broadcast system information continuously or only upon request with granularity of SIBs (by scheduling it in an SI-Message for which it indicate in the schedulingInfoList that an SI-Message is only provided upon request).
If the schedulingInfoList indicates that one or more SI messages are provided upon request only, the UE should also know how to trigger that request without entering RRC CONNECTED state. 
[bookmark: _Toc464837992][bookmark: _Toc464839049][bookmark: _Toc464839066][bookmark: _Toc466046482][bookmark: _Toc466047441][bookmark: _Toc466047496][bookmark: _Toc466065290]If the schedulingInfoList indicates that some SIBs will only be broadcast upon request, the SIB carrying that schedulingInfoList comprises also the configuration of the SI-Request preamble (e.g. time, frequency, preamble ID, …).
Obviously, the SIB comprising the schedulingInfoList and the configuration for requesting on-demand SIBs cannot be provided upon request. A cell must at least periodically broadcast the system information that enables a UE to request the remaining on-demand SI. Therefore, we suggest that this information is provided in SIB1.
[bookmark: _Toc464839051][bookmark: _Toc464839068][bookmark: _Toc466046483][bookmark: _Toc466047442][bookmark: _Toc466047497][bookmark: _Toc466065291]The information necessary for requesting on-demand system information is provided in SIB1 which the network must hence provide by regular broadcast (not only on request).
Suppressing SI-Requests
When an eNB updates SIBs in an SI message that is marked as “on-demand”, many UEs in the cell may request that SI. A similar but less pronounced effect may occur when a large group of UEs enters a new cell they may all transmit an SI-request.
One could consider mechanisms to avoid those coinciding requests. For example, a UE could be required to (re-)check whether MIB/SIB1 indicate that a certain SIB is temporarily being broadcast. If so, the UE should omit sending the preamble and rather attempt to acquire the SI-message in the configured SI-window. However, a network may intend to apply beamforming to the delivery of the SI request. Based on the received preamble the NW could determine the BF characteristics and attempt to send the SI accordingly. If, however, many UEs across the cell area need the SI message, the NW should be aware and avoid beamforming the transmission only into the direction of the first UE having sent the request. Secondly, the acquisition of the (on-demand) SI may take longer if, while re-acquiring MIB/SIB1, the UE misses the request opportunity. Hence, a “request prohibit mechanism” should only be introduced if there is a definite need for it. 
To avoid consuming too many resources for the SI requests, one should rather limit their time/frequency occurrences. If several UEs happen to request SI delivery, their requests will coincide in those few occasions and (only) cause a short interference spike. Unless RAN2 receives guidance from RAN1 that means are required to suppress excessive SI requests, RAN2 should not assume such mechanisms. 
It should also be noted that, with the signaling suggested in the previous sections, the eNB has means to avoid “request spikes”: If the eNB intends to update an on-demand system information message in a cell with possibly many IDLE UEs, it may (temporarily) schedule the SI message as traditional “always on” broadcast. Since UEs re-read SIB1 upon paging notification or SIB1 valueTag change, they will discover also this change in the scheduling info and omit their SI request prior to the reception of the SI message. A later change to “on demand” will not trigger UEs to re-read if the SI messages are associated with individual value tags (as introduced for coverage enhancements in LTE).
[bookmark: _Toc466046484]To avoid massive SI-requests when updating an SI-message, the eNB may (temporarily) mark it as traditional “always on” broadcast.
[bookmark: _Toc466047443][bookmark: _Toc466047498][bookmark: _Toc466065292]Unless requested by RAN1 to do so, RAN2 does not introduce additional means for prohibiting UEs from sending SI requests for SI messages that are scheduled as “on request”.
Requesting periodically broadcast SI
Periodic broadcast and on demand delivery are often referred to as being mutually exclusive alternatives. Even if certain SI content is delivered through periodic broadcast in a cell, allowing a UE at the cell edge to request it by dedicated signalling may e.g. enable setting a lower SINR target for the periodic broadcast of that SI-Message. It thereby enables less robust modulation and coding and thus better resource utilization. UEs requiring the dedicated delivery should establish an RRC Connection to request it (see Proposal 1). Therefore, this possibility will practically be limited to system Information not essential for establishing an RRC Connection. 
[bookmark: _Toc466046485][bookmark: _Toc466047444][bookmark: _Toc466047499][bookmark: _Toc464837987][bookmark: _Toc464839044][bookmark: _Toc464839061][bookmark: _Toc466065293][bookmark: _Toc464837991][bookmark: _Toc464839048][bookmark: _Toc464839065]The eNB may indicate that a SI-Message that is provided by broadcast may also be requested by dedicated signalling. 
Conclusion
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	An RRC CONNECTED UE sends a RRC SI-Request message to the NW if it determines the need to (re-)acquire on-demand SI.
Proposal 2	The eNB delivers on-demand SI to an RRC CONNECTED UE by means of an RRC message (e.g. RRCConnectionReconfiguration). This may happen either in response to a request by the UE (reactively) or when the eNB intends to update the SI (proactively).
Proposal 3	RAN2 assumes that, to request on-demand system information, the UE sends a preamble-like signal. The request should be sent on a common/shared resource. The eNB should be able to detect a request if one or more UEs send their preamble in the same resource (feasibility and realization should be assessed by RAN1).
Proposal 4	Upon receiving a SI request from one or more UEs, the eNB schedules and transmits the corresponding SI-message in the SI-window configured for that SI message.
Proposal 5	The eNB may indicate in the schedulingInfoList that an SI-Message is only provided upon request.
Proposal 6	The eNB may decide to broadcast system information continuously or only upon request with granularity of SIBs (by scheduling it in an SI-Message for which it indicate in the schedulingInfoList that an SI-Message is only provided upon request).
Proposal 7	If the schedulingInfoList indicates that some SIBs will only be broadcast upon request, the SIB carrying that schedulingInfoList comprises also the configuration of the SI-Request preamble (e.g. time, frequency, preamble ID, …).
Proposal 8	The information necessary for requesting on-demand system information is provided in SIB1 which the network must hence provide by regular broadcast (not only on request).
Proposal 9	Unless requested by RAN1 to do so, RAN2 does not introduce additional means for prohibiting UEs from sending SI requests for SI messages that are scheduled as “on request”.
Proposal 10	The eNB may indicate that a SI-Message that is provided by broadcast may also be requested by dedicated signalling.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref466040673]Annex – Agreements from previous meetings
In the following we provide the recent RAN1- and RAN2 agreements related to system information and initial access. 
	RAN1-86bis Agreements
•	NR defines at least one broadcast channel: NR-PBCH 
–	NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
•	FFS: Unlicensed spectrum case
–	FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
–	Following broadcasting schemes to carry essential system information can be considered
•	Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
•	Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
•	Option 3: NR-PBCH carries all essential system information for initial access
•	Other options are not precluded




	RAN2-95bis Agreements
1: 	For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.
2	Request of the other SI by idle and “new state” UE should be performed without state transition.
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).



	RAN2-95bis Agreements
1. In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs/
2. PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.

FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp
FFS Whether there are cells in the system where the UE cannot camp.





	1/4	
