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1	Introduction
In this paper, we analyse the pros and cons of the two signalling approaches for requesting on-demand system information i.e. Msg1 approach or Msg3 approach and we propose a way forward. We also analyse different signalling options for UE to send the request for on-demand SI and gNB to deliver the on-demand SI. In addition, one open issue identified in the RAN2 NR adhoc#1 meeting regarding whether an additional indication as part of the scheduling information in minimum SI is needed to indicate that an on-demand SI is currently being broadcast by the network or not.
2	Background
RAN2 has been discussing the issue of how the UE requests an on-demand SI for the last three RAN2 meetings as part of the NR study item [1], starting in RAN2#96 [2][3][4][5]. Different signalling approaches were discussed but the two main approaches from which to decide now as to how the UE requests SIB(s) are, a Msg1 based approach or a Msg3 based approach. For an overview please see Section 3.1. To help decide on a signalling approach, RAN2 requested and obtained feedback from RAN1 [6]. While RAN1 answered most of the questions from RAN2 the issue of number of preambles available in NR system is still under discussion in RAN1.
3	Discussion
3.1	Signalling approaches for requesting ‘Other SI’
RAN2 had extensively discussed two signalling approaches (Msg1 vs Msg3) for requesting Other SI(s). The two approaches are shown in Figure 1.
If Msg1 approach is used the Msg1 is a SI-specific preamble. There have been proposals that the preamble sequence has either a 1:1 mapping to a specific SIB or maps to a set of SIBs. The problem with this approach is that you need to dedicate preambles for SIB requests and is not a scalable solution when more and more SIBs are added in the future. Also, it is still unclear what the maximum number of preambles possible for random access in NR as it is still under discussion in RAN1.
If Msg3 approach is used the preamble that is sent as Msg1 is the normal or regular preambles as used for usual random access procedure in NR. No dedicated preambles for SIB requests need to be reserved. The Msg3 that is sent can either be the RRC connection request message (requiring a dedicated RRC response message back from the network) or a new message that can be sent without requiring the establishment of RRC connection.	
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3.2	Broadcast or unicast delivery of ‘Other SI’
After the request for on-demand Other SI (for one or more SIB) is received by the network the SI message containing the requested SIB(s) is either sent as a broadcast message or sent as a dedicated message depending on network decision. This decision is typically up to network implementation but may e.g. be based on number of requests for the same SIB received by the network.
If Msg1 approach is used the SIB(s) can only be broadcast. No unicast delivery of SIB(s) using dedicated message is possible. SIB(s) are broadcast in SI windows. With beamforming, the network broadcasts the SIB(s) either only on the beam on which the Msg1 was received or on all beams in the cell. Beamforming aspects of system information broadcast are up to RAN1. The main point to note here is delivery of on-demand SI on a dedicated beam to the UE is still a broadcast transmission and not a unicast transmission using a dedicated message. In order to receive the SIB(s) the UE has to monitor for S-RNTI like identifier and requires scheduling information acquired from Minimum SI.
If Msg3 approach is used the SIB(s) can be delivered using either broadcast or unicast depending on what message is used as Msg3. If the RRC connection request message is used as Msg3 then the SIB(s) can only be delivered unicast and addressed to the C-RNTI of the UE on a dedicated beam.
If Msg3 is a new SI request message, then the SIB(s) can be delivered either broadcast or unicast depending on network decision. There are two options for network to indicate to the UE whether broadcast or unicast delivery of SIB(s) is used. One option is the scheduling information in Minimum SI and the other is by using a paging message. There may be cases where the UE that sent the SI request (Msg3) must monitor both the S-RNTI to receive in SI window and a scheduled Msg4 addressed to UE identifier. With beamforming, if the network decides to broadcast the SIB(s) they may be transmitted on all beams or only on the beam on which the SI request (Msg3) was received. However, if network decides to send the SIB(s) by unicast they will be transmitted only on the beam on which the SI request (Msg3) was received. 
3.3	Msg1 vs Msg3 and RACH load
RACH load is the number of RACH attempts per second for the normal RACH access. The impact of Msg1 vs Msg3 approach on RACH load can be analysed depending on whether there are additional preamble resources or not for SI requests. Preamble resources are the preamble signatures or time-frequency resources.
· Case 1: Additional preamble resources (i.e. additional preamble signatures and/or additional time-frequency resources) are available
· Case 2: No additional preamble resources are available and we use some of the preambles allocated to RACH for requesting other SI
With Msg1 approach, there are dedicated preambles/resources for requesting other SI. With Msg3 approach, the preambles/resources are all part of a common pool.
1)	Additional preamble resources are available
For case 1, with the Msg1 approach, there are dedicated preambles for Msg1 and the load on RACH (for normal RACH usage) is not impacted i.e. as the Msg1 approach has a separate set of preambles, the load on the normal RACH usage is not changed.
For case 1, with the Msg3 approach, with the additional availability of preamble resources the overall RACH load increases, but whether the RACH load per preamble signature increases or not will depend on how frequently the SI requests are sent and the total number of preambles resources. 
2)	No additional preamble resources are available
For case 2, with the Msg1 approach some preambles will be dedicated/reserved for SI requests which removes those preambles for normal RACH access from the common pool of preamble resources. Here the RACH load remains unchanged, but the RACH load per signature increases. For example, let us assume that we have 64 signatures and 1 RACH attempt per subframe on average. In this case, we have 1/64 RACH attempt per signature per subframe. If we now decide to reserve 32 signatures for SI requests, we have 32 signatures left for normal RACH usage. Hence, we will have 1/32 RACH attempt per signature (hence the increase in RACH load per signature). The RACH load per signature would determine the preamble collision rate.
For case 2, with Msg3 approach we are increasing the RACH load by allowing more RACH preambles to be sent for SI requests. In this case, the load per signature will also increase. It is not straight forward to determine which of the two methods will lead to a greater increase in collision rate. At one extreme we could have a large number of preamble signatures for SI request (say, 32 out of 64 preambles) but that are very seldom used for sending SI requests. In this case, with the Msg1 approach we just doubled the collision rate, but with the Msg3 approach, the increase in the collision rate is quite small. At the other extreme, we might have a lower number of preamble signatures for SI requests (say, 4 out of 64 preambles), but the SI requests from many UEs could come quite frequently. In this case the Msg3 approach could lead to a bigger increase in collision rate compared to the Msg1 approach.
3.4	Analysis of Msg1 vs Msg3 approach
In this section, we summarize the signalling for on-demand SI showing the different options for sending the request for SIB(s) and the different ways the requested SIB(s) can be delivered to the UE in Table 1 with the comments column highlighting some pros and/or cons of the different approaches. Table 2 shows a comparison of Msg1 vs Msg3.
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	Approach 
	# of SI requests > Threshold?
	Network decision for Unicast or broadcast delivery?
	Where to receive the SI message?
	Identifier to monitor
	# of beams transmitting the SI
	Comment

	Msg 1
	 No
	Broadcast
	Periodic SI window
	S-RNTI
	Only on beams from which the Msg 1 was received
	No unicast delivery is possible

	
	Yes
	Broadcast
	Periodic SI window
	S-RNTI
	1) Only on beams from which the Msg 1 was received or
2) all beams
	No unicast delivery is possible

	Msg 3 

(SI request is transmitted without RRC Connection Request)
	No 










	Unicast
	Case 1: If Minimum SI is used to indicate for the UEs that an on-demand SI will be broadcast or not

In this case, UEs that have sent the SI request would not know whether the SI will be broadcast or not (cannot always check Minimum SI)  UE has to check a scheduled Msg 4 and SI window
	UE Identifier (UE random number) 

+ 

S-RNTI
	Only on beams from which the Msg 3 was received
	1- For UEs that have sent an SI request (all of them in this case): both UE Identifier (UE random number) + S-RNTI have to be monitored. Power consumption could be an issue for some UEs. 

2- No link adaption is performed in idle mode  no gain from unicast transmission.

	
	
	
	Case 2: Paging is used to indicate for the UEs that an on-demand SI will be broadcast or not

In this case, the UEs that have sent the SI request will receive an indication that SI will not be delivered by broadcast  the UE should get the SI on a scheduled Msg 4.
	UE Identifier (UE random number)
	Only on beams from which the Msg 3 was received
	1- No link adaption is performed in idle mode  no gain from unicast transmission.

	
	Yes 
	Broadcast
	Case 1: Minimum SI is used to indicate for the UEs that an on-demand SI will be broadcast or not

In this case, UEs that have sent the SI request would not know whether the SI will be broadcast or not (cannot always check Minimum SI)  UE has to check a scheduled Msg 4 and SI window

The rest of the UEs which did not send an SI request will monitor only the SI window
	For UEs that have sent an SI request: 

UE Identifier (UE random number) + S-RNTI

For other UEs: S-RNTI
	1) Only on beams from which the Msg 3 was received or 
2) all beams
	For UEs that have sent an SI request: UE Identifier (UE random number) + S-RNTI have to be monitored.

	
	
	
	Case 2: Paging is used to indicate for the UEs that an on-demand SI will be broadcast or not

In this case, the UE that have sent the SI request will receive an indication that SI will be delivered by broadcast  the UE should get the SI on an SI window.
	S-RNTI
	1) Only on beams from which the Msg 3 was received or 2) all beams
	Delay in SI acquisition due to paging all UEs + costly in terms of downlink radio resource overhead

	Msg 3 approach

(SI request is transmitted with RRC Connection Request)
	Not relevant
	Unicast
	Scheduled SI message
	C-RNTI
	Dedicated beam
	Link adaption can be performed when the UE starts reporting CQI upon receiving RRC configuration.
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	Msg 1 approach
	Msg 3 approach

	RACH preamble
	Dedicated SI preambles 
(dedicated preambles by beam in case of non-beam correspondence at TRP)
	Normal preamble for access  

	Future extensibility
	Requires new preamble 
	No need for new preamble 

	Latency
	· Two step procedure  (+ additional step for RACH: one for ACK and for one SI reception)
· No delay from RACH preamble collision 
	· Four step procedure (+ additional step for Msg 3 ACK) 
· Possible delay from RACH preamble collision 

	Unicast Delivery
	Not possible 
	Possible for SI request in idle and connected mode  

	Indication of broadcasting an on-demand SI message by Minimum SI or paging if the number of SI request is high
	Not an issue as the UE needs to monitor only the SI window 
	· In case of indication by Minimum SI, UE may have to monitor both a dedicated SI message and SI window 
· In case of an indication by paging, all UEs may have to be paged before sending the SI  latency + downlink radio resource overhead 



[bookmark: _GoBack]As NR is supposed to cater to multiple use cases (eMBB, URLLC, mMTC etc.), based on the analysis in Table 1and Table 2 above it is clear that one solution cannot meet the needs of different use cases. The requirement for UEs in RRC_IDLE or RRC_INACTIVE to be able to perform SI request without transitioning to RRC_CONNECTED is mainly because of reducing the latency for delay-intolerant services. For such a use case e.g. URLLC the Msg1 solution is better. Restricting the Msg1 solution to such specific use cases also narrows down the set of SIBs to those needed only for such specific use cases and hence does not require as many preambles as one would need if there is 1:1 mapping for all NR SIBs. On the other it is important to have the Msg3 solution to support delivery of SIB(s) by unicast when requested by the UE to achieve resource efficiency for delivery of on-demand system information. [8] and [7] shows that on-demand unicast delivery of system information is efficient depending on the rate of request for a SIB and the periodicity of transmission of the SIB. Hence Msg1 vs Msg3 is a matter of trade-off between latency and resource efficiency. So, we propose the following:
Proposal 1: NR system allows both Msg1 based approach and Msg3 based approach to request and acquire on-demand SI.
Proposal 2: RAN2 to discuss the signalling options for request and delivery of on-demand SI shown in Table 1 and decide on a way forward.
3.5	Need for a broadcast indication in minimum SI
In RAN2 NR-ah#1 the following were agreed along with one open issue about whether there is an additional indication that an on-demand SI is actually being broadcast at a particular instant in time or not. Note that these agreements are about on-demand broadcast SI.
Agreements related to SI provided by broadcast
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.

Given that agreement 3 above results in scheduling information always being included in minimum SI for broadcast system information, irrespective of whether it is a periodically broadcast SIB/SI message or on-demand broadcast SIB/SI message, we see benefit in having an additional indication that an on-demand SIB is currently being broadcast. This is helpful to avoid UEs from unnecessarily requesting an on-demand SIB that is already being broadcast by the network.
Proposal 3: The scheduling information for other SI includes in addition to the other information already agreed, an additional indication that an on-demand SI is actually being broadcast at this instant in time.
4	Conclusion
In this paper, we have shown that both Msg1 and Msg3 based approaches have their merits depending on the use case in question. We also looked at different signalling options for UE to send the request for on-demand SI and gNB to deliver the on-demand SI. We also tried to resolve one of the open issues from the study phase on Minimum SI. The following are proposed in this paper:
Proposal 1: NR system allows both Msg1 based approach and Msg3 based approach to request and acquire on-demand SI.
Proposal 2: RAN2 to discuss the signalling options for request and delivery of on-demand SI shown in Table 1 and decide on a way forward.
Proposal 3: The scheduling information for other SI includes in addition to the other information already agreed, an additional indication that an on-demand SI is actually being broadcast at this instant in time.
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