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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.
2. Considerations on options of on-demand SI request
2.1 Two basic options of on-demand SI request 

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 can 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 can 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.
2.2 Msg. 1 and/or Msg. 3 to carry other SI request

Whether Msg.1 and/or Msg. 3 is used to carry other SI request was discussed in the previous two RAN2 meetings NR. From companies’ views on this request message, no persuasive reason was agreed to prove that any of these two options is invalid.
At least, it is a common understanding that Msg. 3 is feasible to carry other SI request with the new design of Msg. 3 format. It has no impact on Msg. 1 and Msg. 2 of random access procedure. Multiple SIB requests can be also carried in Msg. 3 if the UL grant is enough. Besides, the Msg. 4 is the straight forward way to carry the unicast SI delivery.
However, drawbacks of Msg. 3 request shall not be ignored. Larger latency and more signaling will be caused by using the 4 steps random access procedure in this option. That’s also the primary reason why Msg. 1 request option is not excluded yet. Msg. 1 request has the inherent advantages in shorter latency and less signaling consumption, especially for the IDLE mode UE, since only 2 steps is used in the SI acquiring procedure. 

The major concern from companies on Msg.1 request is the preamble space. Since specific preambles for SI request is required, it occupies some PRACH resources and may reduce the PRACH capacity.
From latest RAN1 meeting on the NR topics [2], it’s agreed to evaluate designs considering possibility to have larger number of PRACH preamble sequences in a RACH transmission occasion than in LTE. Moreover, the number of occupied PRACH resources by Msg. 1 SI request is at most the total number of other SIBs. Therefore the preamble resource is not the limitation of Msg. 1 request any more in NR system.
To sum up, both Msg. 1 and Msg. 3 are feasible to carry other SI request in NR system. 
Proposal 1: Both Msg. 1 and Msg. 3 are feasible to be supported to carry other SI request in NR system.
If both Msg. 1 and Msg. 3 are agreed to be supported in NR to carry SI request, UE shall try to use Msg. 1 request first. 
Firstly, when only one SIB is needed to request by a certain UE, option 1 has superiority in signaling efficiency, since only two messages are needed rather than four messages as in option 2. Less signaling means shorter latency and less power consumption, which is important to IDLE mode UE. 

Secondly, when multiple SIBs are requested by one UE, it may cause troubles 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.

· In RAN1 #88 meeting, it’s agreed to evaluation candidate solutions including that a UE can be configured to transmit multiple simultaneous Msg.1 [2]. For example, 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 [3]. 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 [3]. 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 relies 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, which has been verified by RAN1 LS in last meeting, i.e. gNB might be able to detect the preamble from the combined transmission from multiple UEs [4]. 
In NR, it is feasible to carry multiple other SI requests of one UE by one Msg.1, considering the intention of NR PRACH design. Therefore, if both Msg. 1 and Msg. 3 request are supported for other SI acquiring procedure, Msg.1 request can be considered as the first step and the baseline.
Proposal 2: Msg. 1 request can be considered as the baseline. 
2.3 Msg. 3 as the fallback solution 

There are several cases where Msg. 1 request may fail to acquire all the needed SIBs. 

Case 1: Network configures no specific preamble resource for Msg. 1 other SI request.

The Msg. 1 request is configurable, which can be indicated by the PRACH configuration in the minimum SI. If there is not enough PRACH resource in the severing cells, the network may not configure the specific preamble resource for Msg. 1 other SI request. It means that Msg. 1 request is disabled. In this case, UE shall adopt the Msg. 3 request manner as in option 2. 

Case 2: Msg. 1 request is configured and transmitted, and at least one RAR message is received.

In case 2, the Msg. 1 request is transmitted based on the network configuration, and at least one RAR message is received. If at least one requested SIB is neither delivered in the RAR message, nor indicated by RAR to be broadcasted like minimum SI, it means that at least one of the SIB requests fails. 
UE can fall back to Msg. 3 request for the failed SIB(s) by using the UL grant in RAR in this case. Thus, option 1 will not cause extra delay compared to directly using option 2.
Case 3: Msg. 1 request is configured and transmitted, and no RAR message is received.

In case 3, the Msg. 1 request is transmitted based on the network configuration, and no RAR message is received. It means that all the request in Msg. 1 fails. If multiple SIBs are needed to be request, UE can fallback to option 2, i.e. transmitting normal preamble for UL grant, and requesting SIBs by Msg. 3. Whether UE keeps using option 1 and re-transmits Msg. 1 request in this case is FFS or UE implementation issue.
In the above mentioned three cases, the Msg. 1 request fails. Msg. 3 request can be considered as the fallback solution to acquire other SI. By combining these two options for other acquiring, UE can achieve not only the high signaling efficiency and less latency, but also high robustness.
Proposal 3: If specific preambles are configured for other SI request, UE shall adopt Msg. 1 request. 
Proposal 4: If Msg.1 request fails, UE shall fall back to Msg. 3 request.
3. Conclusions
In this contribution, the on-demand system information acquiring procedure is discussed about the messages to carry SI request. We propose:
Proposal 1: Both Msg. 1 and Msg. 3 are feasible to be supported to carry other SI request in NR system.
Proposal 2: Msg. 1 request can be considered as the baseline. 

Proposal 3: If specific preambles are configured for other SI request, UE shall adopt Msg. 1 request. 
Proposal 4: If Msg.1 request fails, UE shall fall back to Msg. 3 request.
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