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Introduction
In this paper we discuss the remaining open issues for on-demand distribution of system information to the extent that they are relevant for the scope of the study item.
At RAN2-95bis it had already been 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)”. 
At RAN2-96, it was agreed that “The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information”. Furthermore, the “UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not”. “The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information”. 
RAN2 has not yet concluded how the UE performs the request, i.e., whether it sends only a preamble (Msg1) or whether Msg2 and Msg3 are necessary, too. It was also left open whether the UE may request specific SI-messages or whether a request applies to all SI-messages offered in that cell. These decisions will also determine whether a UE may send a request solely based on the information in SIB1 or whether it must first monitor the SI Window and/or (unsuccessfully) attempt to acquire an SI message. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref469489066]Msg1 vs. Msg3
As discussed in our previous paper and during RAN2-96, we consider it sufficient that the UE requests on-demand SI by sending a RA preamble. A response (Msg2) and a subsequent request message (Msg3) appear unnecessary and counter-productive. 
A Msg1 based solution has the advantage that the many UEs may use a common time/frequency resource without interfering each other’s requests. The eNB can detect the request irrespective of whether one or several UEs sent the preamble. If several UEs transmit their preamble at the same occasion, it may increase the interference to surrounding RPBs but we consider this acceptable and think that the coinciding requests will be detectable 
A preamble-based SI-request requires only a small, time frequency resource shared by all UEs. 
A Msg3 based request would require detecting and responding to individual preamble transmissions. This increases the processing load in the eNB and bears the risk that concurrently transmitted Msg3s are not decodable at the eNB. In other words, the Msg3 transmissions of several UEs do not emphasize the request but rather interfere each other. 
A Msg-3 based SI-request suffers from high processing load in the eNB (detecting and responding to Msg1 and decoding Msg3), from higher resource consumption (individual Msg3 resources per requesting UE) and from interference when several UEs request SI concurrently.
It has been argued that UEs could indicate in their Msg3 which SIBs or SI-messages they need. As indicated above, with such an approach not only the scrambling of the Msg3 transmissions but also their content would differ making it even more difficult to decode coinciding requests. If RAN2 would conclude that it is desirable to request individual SI messages, this could be realized in a Msg1 based solution. Either, separate preambles could be associated with different SI-messages or the SI-request occasions could precede the SI window of the SI-message that they refer to. However, we are not convinced that the benefit of requesting individual SI-messages justifies the additional complexity. 
[bookmark: _Toc469488055][bookmark: _Toc469489676][bookmark: _Toc469489700][bookmark: _Toc471475229][bookmark: _Toc471502237][bookmark: _Toc471502247][bookmark: _Toc471522400]The On-Demand SI request applies to all scheduled SI messages, i.e., UEs cannot request individual SI messages or individual SIBs. 
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 of a Msg1 based SI request solution:
[bookmark: _Toc464837980][bookmark: _Toc464839037][bookmark: _Toc464839054][bookmark: _Toc466046478][bookmark: _Toc466047437][bookmark: _Toc466047492][bookmark: _Toc466065286][bookmark: _Toc469488056][bookmark: _Toc469489677][bookmark: _Toc469489701][bookmark: _Toc471475230][bookmark: _Toc471502238][bookmark: _Toc471502248][bookmark: _Toc471522401]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).
Scheduling Info
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][bookmark: _Toc469488058][bookmark: _Toc469489678][bookmark: _Toc469489702][bookmark: _Toc471475231][bookmark: _Toc471502239][bookmark: _Toc471502249][bookmark: _Toc471522402]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][bookmark: _Toc469488059][bookmark: _Toc469489679][bookmark: _Toc469489703]Since the eNB is in control of the mapping of SIBs to SI-Messages, it may implicitly decide per SIB whether it is available only 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][bookmark: _Toc469488060][bookmark: _Toc469489680][bookmark: _Toc469489704][bookmark: _Toc471475232][bookmark: _Toc471502240][bookmark: _Toc471502250][bookmark: _Toc471522403]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 itself. 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][bookmark: _Toc469488061][bookmark: _Toc469489681][bookmark: _Toc469489705][bookmark: _Toc471475233][bookmark: _Toc471502241][bookmark: _Toc471502251][bookmark: _Toc471522404]The information necessary for requesting on-demand system information is provided in SIB1.
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.
Even though one could consider mechanisms to avoid those coinciding requests, we do not see a clear need to introduce additional UE behavior or optimizations for this purpose. As an example of a potential optimization, 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 as discussed in section 2.1. Unless RAN2 receives guidance from RAN1 that additional 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) and if the eNB leaves those unchanged.
[bookmark: _Toc466046484]To avoid massive SI-requests when updating an SI-message, the eNB may (temporarily) mark it as traditional “always on” broadcast.
[bookmark: _Toc469489682][bookmark: _Toc469489706][bookmark: _Toc471475234][bookmark: _Toc471502242][bookmark: _Toc471502252][bookmark: _Toc471522405]A UE sends the SI-request solely based on the information in SIB1 that an SI-message is only provided upon request. The UE does not attempt acquire the SI-messages prior to sending a request.
[bookmark: _Toc466047443][bookmark: _Toc466047498][bookmark: _Toc466065292][bookmark: _Toc469488062][bookmark: _Toc469489683][bookmark: _Toc469489707][bookmark: _Toc471475235][bookmark: _Toc471502243][bookmark: _Toc471502253][bookmark: _Toc471522406]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”.
[bookmark: _Toc464837991][bookmark: _Toc464839048][bookmark: _Toc464839065]Text Proposal
Based on the discussion in this document and considering previous agreements for on-demand system information delivery, we prepared the following text proposal. 
[bookmark: _Toc469489685][bookmark: _Toc469489709][bookmark: _Toc471475237][bookmark: _Toc471502244][bookmark: _Toc471502254][bookmark: _Toc471522407]Adopt the text proposal on “on-demand SI delivery” for the TR
	On-Demand System Information
The eNB may indicate in the schedulingInfoList that an SI-Message is only provided upon request. 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 some SIBs will only be broadcast upon request, the SIB1 indicates in the schedulingInfoList the configuration of the SI-Request preamble (e.g. time, frequency, preamble ID, …). SIB1 must hence be provide by regular broadcast (not only on request).
The On-Demand SI request applies to all scheduled SI messages, i.e., UEs cannot request individual SI messages or individual SIBs. 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).
A UE sends the SI-request solely based on the information in SIB1 that an SI-message is only provided upon request. The UE does not attempt acquire the SI-messages prior to sending a request. 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” in SIB1.
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. Hence, the actual delivery of the on-demand SI to IDLE UEs follows the same principles as the regular SI broadcast.



Conclusion
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	The On-Demand SI request applies to all scheduled SI messages, i.e., UEs cannot request individual SI messages or individual SIBs.
Proposal 2	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 3	The eNB may indicate in the schedulingInfoList that an SI-Message is only provided upon request.
Proposal 4	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 5	The information necessary for requesting on-demand system information is provided in SIB1.
Proposal 6	A UE sends the SI-request solely based on the information in SIB1 that an SI-message is only provided upon request. The UE does not attempt acquire the SI-messages prior to sending a request.
Proposal 7	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 8	Adopt the text proposal on “on-demand SI delivery” for the TR

[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.



	RAN2-96 Agreements
1: 	For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).
2: 	There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 
3:	If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.
4	Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.



	RAN2-96 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.
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