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Introduction
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. The decisions will also have an impact on whether a UE may send a request solely based on the information in NR-SIB1 or whether it must first monitor an additional indication and/or (unsuccessfully) attempt to acquire an SI message before being allowed to send its request. 
RAN2 agreed earlier that provisioning of SI to IDLE UEs follows the principle of SI scheduling framework (SI messages sent in SI-Windows as a broadcast message (addressed to SI-RNTI)). Considering that in the previous meeting companies agreed that a Msg3-based request is not necessary if the subsequent SI-Message transmission is a broadcast and that a Msg1 based solution suffers less from collisions, we propose to adopt that scheme. 
[bookmark: _Ref178064866]Discussion
“Unicast vs. Broadcast” and “IDLE vs. CONNECTED”
[bookmark: _GoBack]RAN2 agreed that an RRC_CONNECTED UE shall be able to obtain (updates of) other system information via dedicated signalling, i.e., in a dedicated RRC message conveyed on a SRB (“For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI”).
[bookmark: _Toc477509562][bookmark: _Toc478125191][bookmark: _Toc478125492][bookmark: _Toc478125954][bookmark: _Toc478171072][bookmark: _Toc478171102][bookmark: _Toc478172219]RRC_CONNECTED UEs may receive On-Demand System Information by dedicated signalling, i.e., as unicast transmission. 
Furthermore, RAN2 agreed that RRC_IDLE UEs may request on-demand system information without entering RRC_CONNECTED state. And it was agreed that in response to that request, the network delivers the system information in the same SI-Messages and in the same SI-Window that is otherwise used for regular system information broadcast (“The SI transmission window in LTE is baseline for NR”, “One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work”). 
[bookmark: _Toc477509563][bookmark: _Toc478125192][bookmark: _Toc478125493][bookmark: _Toc478125955][bookmark: _Toc478171073][bookmark: _Toc478171103][bookmark: _Toc478172220]RRC_IDLE UEs receive On-Demand System information in the regular SI-Messages and SI-Windows, i.e., as broadcast transmission. 
In the previous meeting it was suggested that, besides the two solutions agreed already, NR should also offer the possibility to deliver on-demand system information to IDLE UEs by unicast signalling. The proponents explained that such solution would require distinguishing the requesting UEs and to establish an association with the UE. And this would basically require that the UE sends not only a Msg1 but also a Msg3 in its SI-request. 
We see no need for introducing a third solution for requesting on-demand system information in addition to the two enhancement tracks that were already agreed in the study item. No obvious benefits in terms of system capacity have been shown for such a third solution track. 
[bookmark: _Toc477509564][bookmark: _Toc478125193][bookmark: _Toc478125494][bookmark: _Toc478125956][bookmark: _Toc478171074][bookmark: _Toc478171104][bookmark: _Toc478172221]Benefits of a for providing on-demand SI via unicast signalling to IDLE UEs (compared to the two already agreed variants) have not been shown.
System Information is a key function of the radio access technology. All variants for acquiring SI must be implemented and properly tested by all UEs and networks from the beginning. Otherwise there is a large risk that not-tested variants are not working with all UEs in all networks and can hence never be enabled. 
[bookmark: _Toc477509565][bookmark: _Toc478125194][bookmark: _Toc478125495][bookmark: _Toc478125957][bookmark: _Toc478171075][bookmark: _Toc478171105][bookmark: _Toc478172222]Functionality for providing SI must be mandatorily implemented by all UEs and tested with all networks from “day one”.
[bookmark: _Toc477508705][bookmark: _Toc477508871][bookmark: _Toc478125201][bookmark: _Toc478125483][bookmark: _Toc478125963][bookmark: _Toc478171068][bookmark: _Toc478171111][bookmark: _Toc478172228]Focus 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. 
[bookmark: _Ref469489066]Msg1 vs. Msg3
In order to provide on-demand system information to RRC_IDLE UEs by means of SI-Message broadcast, 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 many UEs may use a common time/frequency resource without interfering each other’s requests. The gNB 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 PRBs but we consider this acceptable and think that the coinciding requests will be detectable.
[bookmark: _Toc477509567][bookmark: _Toc478125195][bookmark: _Toc478125496][bookmark: _Toc478125958][bookmark: _Toc478171076][bookmark: _Toc478171106][bookmark: _Toc478172223]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 gNB and significantly more resources for Msg2 and Msg3 transmissions.
RAN2 concluded that it is desirable to support requesting individual SI messages. 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 significantly more difficult to decode coinciding Msg3 requests occurring in case of preamble collisions. 
[bookmark: _Toc477509568][bookmark: _Toc478125196][bookmark: _Toc478125497][bookmark: _Toc478125959][bookmark: _Toc478171077][bookmark: _Toc478171107][bookmark: _Toc478172224]A Msg3 based SI-request suffers from high processing load in the gNB (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.
If the request is solely based on Msg1, 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. The two variants are depicted in Figure 1 and Figure 2 respectively. In both variants it should also be possible for a UE to request all the on-demand SI. In the multi-preamble variant, there should be one preamble for requesting all on-demand SI. In the variant with an SI request opportunity per SI-Window, there could either be additional SI request opportunities, which are used for request of all on-demand SI, or a dedicated (additional) preamble for request of all on-demand SI, which could be used in any of the SI request opportunities.
[image: ]
[bookmark: _Ref473558240]Figure 1: Individual Msg1 preambles associated with specific SI-Messages
(mapping conveyed in minimum System Information)
[image: ]
[bookmark: _Ref473558242]Figure 2: A Msg1 preamble associated with SI-Message scheduled for subsequent SI-Window
Among the two options we have a slight preference for the latter due to simplicity and because a preamble transmission shortly before the corresponding SI-Window may enable beamforming the (broadcast) transmission (at least if the gNB detects preambles from only one or a few UEs). 
No matter how the preambles are “associated” with the SI-Messages, we consider a preamble based solution as simpler and more robust to interference. While the details (how to associate preambles with SI-messages) may be for RAN1 to discuss, we suggest that RAN2 assumes a preamble-based solution as baseline
[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][bookmark: _Toc473546661][bookmark: _Toc473558256][bookmark: _Toc473559525][bookmark: _Toc473559538][bookmark: _Toc473918032][bookmark: _Toc473928381][bookmark: _Toc473928541][bookmark: _Toc477508706][bookmark: _Toc477508872][bookmark: _Toc478125484][bookmark: _Toc478125964][bookmark: _Ref478124354][bookmark: _Toc478125202][bookmark: _Toc478171069][bookmark: _Toc478171112][bookmark: _Toc478172229]RAN2 assumes that, to request on-demand system information, the UE sends a preamble-like signal (Msg1). The request should be sent on a common/shared resource. The gNB 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).
When may the UE send SI-Requests?
When a gNB 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 enter a new cell where they may all transmit an SI-request.
RAN2 discussed “whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time”. When RAN2 adopts the Msg1 request (Proposal 2) the network is able to detect multiple preambles received in the same SI request resources. Multiple different preambles are mutually orthogonal and can be distinguished by the network. If multiple UEs transmit the same preamble, the network may not be able to distinguish each different transmission, since multiple transmissions may appear as multi-path propagation of a single transmission. This is however not a problem, since the received preamble transmissions will anyway trigger the same action from the network, i.e. broadcasting of the requested on-demand SI in the next therefore scheduled SI-Window(s). Redundant preamble transmissions may somewhat increase the interference, but overall the consequences are minor and not sufficient to motivate additional mechanisms to prevent them.
[bookmark: _Toc478125197][bookmark: _Toc478125498][bookmark: _Toc478125960][bookmark: _Toc478171078][bookmark: _Toc478171108][bookmark: _Toc478172225]With a Msg1 based request mechanism, coinciding requests of several (or many) are no severe problem.
Secondly, a network may intend to apply beamforming to the delivery of the SI request (note that this is still a broadcast transmission in the sense that it uses the SI-Message and is scrambled by SI-RNTI). Based on the received preamble the NW could determine the BF characteristics and attempt to send the SI accordingly (still on the broadcast channel). 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 the additional indication, the UE misses the request opportunity. Hence, a “request prohibit mechanism” should only be introduced if there is a definite need for it. 
[bookmark: _Toc478125198][bookmark: _Toc478125499][bookmark: _Toc478125961][bookmark: _Toc478171079][bookmark: _Toc478171109][bookmark: _Toc478172226]Preventing all but the first UE from sending a request would practically disable the possibility to beamform the broadcast transmission (SI-Message scrambled with SI-RNTI) and is hence not desirable. 
Should RAN2 still conclude that there should be a mechanism for reducing redundant on-demand SI requests, then the already agreed indication in the Minimum SI of whether a certain part of the on-demand SI is broadcast or not can serve this purpose. The network may temporarily set the broadcast indication when the associated on-demand SI is being, or is about to be, broadcast and a UE checks this indication in the Minimum SI before going forth to request the on-demand SI. Note that in case of an update of on-demand SI, the network may proactively broadcast the affected on-demand SI for a limited time (during which this is also indicated in the Minimum SI) to avoid request peaks and energy waste in UEs otherwise transmitting redundant SI requests.
[bookmark: _Toc478125199][bookmark: _Toc478125500][bookmark: _Toc478125962][bookmark: _Toc478171080][bookmark: _Toc478171110][bookmark: _Toc478172227]The network may use the already agreed flag in SIB1 that indicates whether a SI-Message is subject to regular broadcast or only available upon request, to temporarily disable requests (e.g. when updating SI and hence expecting many subsequent accesses). 
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 2.2. Unless RAN2 receives guidance from RAN1 that additional means are required to suppress excessive SI requests, RAN2 should not assume such mechanisms. 
[bookmark: _Toc478125486][bookmark: _Toc478125966][bookmark: _Toc478125488][bookmark: _Toc478125968][bookmark: _Toc478171070][bookmark: _Toc478171113][bookmark: _Toc478172230][bookmark: _Toc469489682][bookmark: _Toc469489706][bookmark: _Toc471475234][bookmark: _Toc471502242][bookmark: _Toc471502252][bookmark: _Toc471522405][bookmark: _Toc473546665][bookmark: _Toc473558260][bookmark: _Toc473559529][bookmark: _Toc473559542][bookmark: _Toc473918036][bookmark: _Toc473928382][bookmark: _Toc473928542][bookmark: _Toc477508707][bookmark: _Toc477508873][bookmark: _Toc478125203][bookmark: _Toc478125490][bookmark: _Toc478125970]A UE sends the SI-request solely based on the information in SIB1 that an SI-message is only provided upon request. After sending the request, the UE attempts to acquire the requested SI message(s) in the SI-window configured in SIB1.
[bookmark: _Toc466047443][bookmark: _Toc466047498][bookmark: _Toc466065292][bookmark: _Toc469488062][bookmark: _Toc469489683][bookmark: _Toc469489707][bookmark: _Toc471475235][bookmark: _Toc471502243][bookmark: _Toc471502253][bookmark: _Toc471522406][bookmark: _Toc473546666][bookmark: _Toc473558261][bookmark: _Toc473559530][bookmark: _Toc473559543][bookmark: _Toc473918037][bookmark: _Toc473928383][bookmark: _Toc473928543][bookmark: _Toc477508708][bookmark: _Toc477508874][bookmark: _Toc478125204][bookmark: _Toc478125491][bookmark: _Toc478125971][bookmark: _Toc478171071][bookmark: _Toc478171114][bookmark: _Toc478172231][bookmark: _Toc464837991][bookmark: _Toc464839048][bookmark: _Toc464839065]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 demand”.
Conclusion
In section 2 we made the following observations:
Observation 1	RRC_CONNECTED UEs may receive On-Demand System Information by dedicated signalling, i.e., as unicast transmission.
Observation 2	RRC_IDLE UEs receive On-Demand System information in the regular SI-Messages and SI-Windows, i.e., as broadcast transmission.
Observation 3	Benefits of a for providing on-demand SI via unicast signalling to IDLE UEs (compared to the two already agreed variants) have not been shown.
Observation 4	Functionality for providing SI must be mandatorily implemented by all UEs and tested with all networks from “day one”.
Observation 5	A preamble-based SI-request requires only a small, time frequency resource shared by all UEs.
Observation 6	A Msg3 based SI-request suffers from high processing load in the gNB (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.
Observation 7	With a Msg1 based request mechanism, coinciding requests of several (or many) are no severe problem.
Observation 8	Preventing all but the first UE from sending a request would practically disable the possibility to beamform the broadcast transmission (SI-Message scrambled with SI-RNTI) and is hence not desirable.
Observation 9	The network may use the already agreed flag in SIB1 that indicates whether a SI-Message is subject to regular broadcast or only available upon request, to temporarily disable requests (e.g. when updating SI and hence expecting many subsequent accesses).
Based on the discussion in section 2 we propose the following:
Proposal 1	Focus 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.
Proposal 2	RAN2 assumes that, to request on-demand system information, the UE sends a preamble-like signal (Msg1). The request should be sent on a common/shared resource. The gNB 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	A UE sends the SI-request solely based on the information in SIB1 that an SI-message is only provided upon request. After sending the request, the UE attempts to acquire the requested SI message(s) in the SI-window configured in SIB1.
Proposal 4	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 demand”.

[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.




	RAN2-Ad-Hoc January 2017 - Agreements
1: 	UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 
2: 	One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.
3: 	The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.
FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.
4:  	If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB
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