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1 Introduction

In RAN2#95bis and RAN2#96 system information transmission/acquisition procedure was discussed and following agreements were made:

According to the above agreements UE in idle and “new state” should be able to request other SI without state transition.  In this contribution we discuss the detailed signaling aspects for the same.
2 Discussion
System information in NR is categorized into system information blocks (SIBs) similar to LTE. Minimum SI indicates whether a specific SIB is periodically broadcasted or provided on demand. In order to obtain the one or more SIBs which are not periodically broadcasted and are provided on demand, UE initiates on-demand SI acquisition procedure. 
2.1 SI Request Granularity

Similar to LTE, several SIBs can be service/feature specific such as D2D, MBMS, V2X, etc.  All the UEs may not need all these SIBs. If UE is not able to selectively indicate the SIB(s) in which it is interested then network has to transmit all these SIBs unnecessarily on receiving the SI request from UE. This is not efficient from system overhead and network energy consumption point of view. So we propose that UE should be able to indicate one or more SIBs in which it is interested in the request. 

Proposal 1: UE can indicate one or more SIs (e.g. SIBs) it needs in the request. 

2.2 SI Request Transmission Mechanism
UE in idle and “new state” can request other SI without state transition using MSG1 and/or MSG3. The MSG3 based SI request approach is shown in Figure 1. In the UL grant received in the random access response corresponding to the PRACH preamble transmitted by UE, UE sends system information request message. The MSG1 based SI request approach is shown in Figure 2. UE transmits PRACH preamble/resource specific to a SIB or set of SIBs which the UE wants to obtain. It is assumed that PRACH preamble/resource specific to each SIB or set of SIBs are reserved and indicated in periodically broadcasted minimum SI.
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Figure 1                                                                                     Figure 2

In MSG3 based approach, there is no need to reserve PRACH preamble/resource for SI request whereas in MSG1 based approach requires reservation of PRACH preamble/resources to indicate the requested SIB(s). However, in case of MSG3 based approach PRACH preamble/resources are common for SI and non SI purposes; as a result RACH load increases with increase in SI requests. However, the impact to RACH load can be avoided by reserving PRACH preamble/resources in MSG3 based approach. In case of MSG1 based approach increased SI requests does not have any impact on RACH load. MSG 3 based approach also leads to increased UE power consumption because of additional transmission of MSG3 in addition to MSG1. In case multiple UEs use the same PRACH preamble at the same time, MSG 3 i.e. SI request will fail for all UEs except one. In case of MSG1 based approach there is no such failure as multiple UEs using the same PRACH preamble means same SI request. Table 1 summarises the pros/cons of two approaches. Considering these pros/cons we propose to consider MSG1 for transmitting the SI request as baseline. MSG3 based approach can be additionally considered later if enough PRACH preamble/resources are not available for SI considering other use cases in which PRACH preamble/resources are needed.
Table 1

	
	SI Request using MSG3
	SI Request using MSG1 

	PRACH Preamble/Resource Reservation
	Alt 1: Not Needed  (
Alt 2: Needed  (
	Needed  (

	RACH Load
	Alt 1: Increases with increase in SI requests  (
Alt 2: No impact to RACH Load  (
	No impact to RACH Load  (

	UE Power Consumption
	High  (
	Low  (

	Same MSG1 TX by multiple UEs at same time
	SI request fails for all but one UE   (
	No Impact   (


Proposal 2: MSG1 is used to transmit SI request. 
Proposal 3: RACH preamble/resource specific to each SIB or set of SIBs are reserved & indicated in minimum SI.
2.3 SI Response Reception Mechanism
After receiving the SI request, the one or more SIBs requested by UE can be provided to UE as follows: 

Approach 1: Independent of SI scheduling framework 

In this approach the one or more SIBs requested by UE are provided within some time window (i.e. SI Response Window) after sending the SI request as shown in Figure 3. After sending the SI request the UE listens to NR-PDCCH in SI Response Window for receiving the requested SIBs. If UE does not receive the requested SIBs within the SI Response Window then UE may retransmit the SI request. The length of SI response window can be provided in minimum system information. 
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Figure 3

Approach 2: As part of SI scheduling framework
The scheduling information for other SI includes SIB type, validity information, periodicity, SI-window information in minimum SI irrespective of whether Other SI is periodically broadcasted or provided on demand. If minimum SI indicates that a SIB is provided on demand, then the UE cannot assume this SIB is broadcasted in its SI-Window every SI-Period and therefore the UE should send an SI request to receive this SIB. If the SI request is received then this SIB is provided in SI window of some SI periods. 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. As shown in Figure 4 below, if SI request is received for a SIB in its Nth SI period, then requested SIB is provided at/from the next SI transmission of the concerned SI message.
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Figure 4
The comparison of both these approaches is provided in Table 2.
Table 2

	
	Approach 1
	Approach 2

	Speed of SI delivery
	Quicker (not restricted by scheduling framework)    (
	Restricted by scheduling framework. However fast delivery is possible by configuring shorter SI period. (

	Possibility for reception by multiple UE’s
	Unless the rx windows of 2 UE’s overlap, information will have to be provided separately. However network can configure larger rx windows if this is considered important (at the cost potential cost of UE power consumption).  ((
	Since there is a configured schedule, a SIB provided once every 160ms can be received by UE’s requesting at quite different times.     ((

	Possibility for tuning broadcast to request
	No limitations due to SI scheduling framework (e.g. if in scheduling framework multiple SIB’s are muxed in one SI message, here it would still be possible to just provide one SIB) (
	If information is to be provided, it should obey the scheduling framework and thus a complete SI message is provided even if a SIB is requested.   (

	Confirmation to UE that poll was received
	If network configures small response window, UE will quickly know whether the poll was received or not  (
	For SI messages with larger periodicity, the UE will only know after potentially long time if poll was received. However this can be easily avoided by sending RAR acknowledging the reception of MSG1. (


Based on the above discussion we propose that at least approach 2 is supported. 
Proposal 4: One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.
Proposal 5: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum system information irrespective of whether other SI is periodically broadcasted or provided on demand.
Proposal 6:  If minimum SI indicates that a SIB is provided on demand, then UE does not assume that this SIB is broadcasted in its SI-Window every SI-Period and therefore the UE should 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. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:

Proposal 1: UE can indicate one or more SIs (e.g. SIBs) it needs in the request. 

Proposal 2: MSG1 is used to transmit SI request. 
Proposal 3: RACH preamble/resource specific to each SIB or set of SIBs are reserved & indicated in minimum SI.

Proposal 4: One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

Proposal 5: 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.
Proposal 6:  If minimum SI indicates that a SIB is provided on demand, then UE does not assume that this SIB is broadcasted in its SI-Window every SI-Period and therefore the UE should 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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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


PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.


For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.


Request of the other SI by idle and “new state” UE should be performed without state transition.


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 #96 Agreements [2]


The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.


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 SI transmission window in LTE is baseline for NR.


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.


For UEs in connected, dedicated RRC signaling can be used for the request and delivery of other SI. 
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