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1. Introduction
In RAN2#96 meeting, the following agreements are achieved for system information [1]: 

· 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.

From previous RAN2 discussions on the system information, UE initiated mechanisms for other SI delivery is agreed to be further studied. To design the on-demand system information acquiring procedure, whether Msg. 1 and/or Msg. 3 is used to carry other SI request shall be studied.

In this contribution, we discuss two options to perform the on-demand SI acquiring, distinguished by the signaling to carry other SI request and the signaling to delivery other SI.
2. Considerations on options of on-demand SI acquiring
2.1 Two basic options of on-demand SI acquiring 

For other SI, which is not broadcasted by the serving cell, UE shall initiate the other SI acquiring procedure in on-demand manner when necessary. Depending on the SI request signaling, on-demand SI acquiring procedure can be considered as two options.
Option 1: Msg. 1 to carry other SI request

In option 1, UE transmits the specific preamble in random access procedure to indicate its requests of other SI. The PRACH resources of this preamble is pre-configured by network and separated from PRACH resources for normal random access. The specific preamble for SI request has the pre-defined mapping relationship to one or a group of SIBs. Upon detection of this specific preamble, the network determines the SI requested by this UE, according to the mapping relationship between preamble and other SI. In RAR, the requested SI will be delivered to UE. Upon receiving the needed SI, UE will not perform any following steps of random access procedure. The signaling procedure of option 1 is shown in Fig.1.
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Fig. 1. Signaling procedure of option 1
Option 2: Msg. 3 to carry other SI request
In option 2, UE transmits preamble mainly for the UL grant used in Msg.3, rather than for indicating the request of other SI. One or multiple other SI requests will be carried in Msg. 3, if the message size is allowed. The requested SI will be delivered in Msg. 4. The signaling procedure of option 2 is shown in Fig. 2.
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Fig. 2. Signaling procedure of option 2
The basic differences between the above two options are the signaling to carry other SI request and the signaling to deliver other SI. Next, these two aspects are analyzed. 
2.2 Msg. 1 or Msg. 3 to carry other SI request

When only one SIB is requested by a certain UE, option 1 has superiority in signaling efficiency, since only two messages are needed rather than four messages in option 2. Less signaling means shorter latency and less power consumption, which is important to NR. 
Besides, the pre-defined specific preamble resources to indicate the requested SI in option 1 will occupy the PRACH resources for random access. The number of occupied PRACH resources is at most the total number of other SI. Whether option 1 will impact too much on the PRACH capacity shall be further studied. On the other hand, option 2 only occupies few PRACH resources.
When multiple SIBs are requested by one UE, option 2 can carry multiple SI requests in Msg. 3, if the UL grant size is enough.  Nevertheless, in option 1, it causes trouble to carry multiple SI requests in Msg. 1.
In LTE system, only one preamble is transmitted in Msg. 1, which means multiple SIBs can only be requested by multiple Msg. 1. In this manner, multiple rounds of Msg. 1 requesting and Msg. 2 delivering will cause much latency and power consumption.
However, in NR system, several solutions are feasible to carry multiple SI requests in one Msg.1, as follows:
· Solution A: Transmit multiple preambles using different preamble sequences at the same time.

· If UE transmission power is allowed, UE can transmit multiple preambles with different sequences to indicate multiple SI requests in one PRACH occasion. 
· Solution B: Transmit multiple SI requests in the data part of Msg.1
· In the 2-step RACH procedure, possible solution is studied by RAN1 to carry UE identity in Msg. 1 [2]. Similar solution can also be adopted to carry multiple SI requests in Msg. 1 as the data part in addition to preamble. 
· Solution C: Transmit multiple preambles in different symbols within one PRACH occasion
· RAN1 is agreed to support multiple/repeated RACH preambles in a RACH resource, where the preamble could be the same or different [2]. This means that multiple preambles for multiple SI request can be transmitted in one PRACH occasion by using different symbols.
Details of those solutions need to be further studied.
The above solutions to carry multiple SI requests depends on the successful detection of Msg. 1. Due to the limited power per preamble, the robustness (i.e. the probability of successful detection) of multiple preambles may be relatively lower than legacy single preamble solution. 
Note that multiple UEs may transmit the same preamble to request the same SI at same time. In this case, the receiving power of this preamble will be increased. 
Besides, once the detection of multiple preamble fails, option 1 can fallback to option 2 if at least one preamble is detected by network. UE can use the UL grant in RAR to transmit other SI requests in Msg. 3, which will not cause extra delay compared to option 2. If no preamble is successfully detected in option 1, UE can re-transmit Msg. 1 or fallback to option 2.
Observation 1: In NR, it is feasible to carry multiple other SI requests of one UE by one Msg.1.
2.3 Msg. 2 or Msg. 4 to deliver other SI 

In option 1, RAR is used to deliver other SI to UEs, which can be received by all the UEs with the same RA-RNTI. In option 2, dedicated signalling Msg. 4 is used to delivery other SI to the requesting UE. Therefore, other SI is delivered in a multicast manner in option 1, while in a unicast manner in option 2.  
When one or multiple SIBs are requested by only one UE at one time, the signalling efficiency of both options is similar, i.e. only one message is needed. 

When one or multiple SIBs are request by multiple UEs at one time, one RAR message carrying those SIBs can be received by multiple UEs in option 1. However, multiple Msg. 4 have to be transmitted respectively to multiple UEs in option 2. It means that the same SIB will be transmitted several times in unicast manner. Hence, option 2 causes much more signalling and less efficiency than option 1.
Note that, if the size of requested SIBs is large, one message (e.g. RAR or Msg. 4) may not be able to carry all the requested SIBs. In this case, network may deliver those SIBs by broadcast like as minimum SI, which is similar in both options.
Observation 2: Delivering other SI by Msg. 4 in the unicast manner is not signaling efficient, when the SI is requested by multiple UEs. 
In Summary, the pros. and cons. between those two options are compared below. 

Table 1. Comparison on the pros. and cons. between option 1 and option 2
	
	Option 1
	Option 2

	Message to request SI
	Msg. 1
	Msg. 3

	Robustness of SI request
	Relatively low
	High

	PACH resource occupation
	Occupy some PRACH resources
	Occupy few PRACH resources

	Message to delivery SI
	Msg. 2
	Msg. 4

	Total messages needed
	2
	4

	Latency
	Low
	High

	Signaling efficiency of SI delivery
	High
	Low


Proposal: RAN2 is respectively asked to discuss whether Msg.1 and/or Msg.3 is used to carry other SI request, considering the above analyses.

3. Conclusions
In this contribution, the on-demand system information acquiring procedure is discussed about the messages to carry SI request and to delivery SI. We propose:
Observation 1: In NR, it is feasible to carry multiple other SI requests of one UE by one Msg.1.
Observation 2: Delivering other SI by Msg. 4 in the unicast manner is not signaling efficient, when the SI is requested by multiple UEs.
Proposal: RAN2 is respectively asked to discuss whether Msg.1 and/or Msg.3 is used to carry other SI request, considering the above analyses.
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