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1 Introduction

In RAN2#103bis meeting, regarding system information for NR-U, it’s agreed:

Agreements:
1 RAN2 should focus on scheduling of SIB at this stage and the detailed design of MIB and SIB1 are pending in RAN1.
2 More opportunities for SI transmission in time domain may be needed to relieve LBT impact.
In this paper, we discuss possible enhancements of system information for NR-U.

2 Discussion
System Information (SI) is divided into Minimum SI and Other SI, where Minimum SI is transmitted over two different downlink channels using different messages (MIB and SIB1) and Other SI is transmitted in SystemInformation messages (SIB2 and above). In this paper, we focus on the enhancements of other SI based on the agreement that MIB and SIB1 are mainly in the scope of RAN1.
Regarding the other SI, the procedure is described as follows in the TS 38.331:

SIBs other than SIB1 are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Only SIBs having the same periodicity can be mapped to the same SI message. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages). Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI message is transmitted. Any SIB except SIB1 can be configured to be cell specific or area specific, using an indication in SIB1. The cell specific SIB is applicable only within a cell that provides the SIB while the area specific SIB is applicable within an area referred to as SI area, which consists of one or several cells and is identified by systemInformationAreaID;
Observation 1 In NR licensed, SIBs (other than SIB1) are carried in SystemInformation (SI) messages, the mapped SIBs have the same periodicity.

Observation 2 In NR licensed, each SI message is transmitted within SI-windows which occurs periodically in the time domain.

Observation 3 In NR licensed, each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap.

For NR-U operation, SI message transmission is subject to LBT which may not be transmitted in the corresponding SI-window due to LBT failure. If channel is not available due to LBT failure, network can not send the SI-message in the corresponding SI-window.
Observation 4 For NR-U operation, if channel is not available due to LBT failure, network can not send the SI-message in the corresponding SI-window.
In order to increase the transmission opportunities in the time domain, there are several options which worth to be studies:
Option 1: the SI-windows for different SI-messages can be overlapped or partially overlapped.
Network can configure an overlapped SI-window for multiple SI-messages which is similar as proposed in [1]. In this case, multiple SI-messages are transmitted in a single SI-window for which the window length can be configured relatively large. However, there are several drawbacks for this option. 
· Firstly, there should be some mechanisms to differentiate different SI messages in the same SI-window, e.g., by introducing more SI-RNTIs or indicating SI message in the DCI. 
· Secondly, larger window size means UE has to monitor longer time for SI transmission, which is not friendly to the UE power saving.

Observation 5 For NR-U operation, making SI window overlapped or partially overlapped may cause some drawbacks.
Option 2: increase the number of SI window in one SI period.
Alternatively, network can configure multiple SI-window for the SI message transmission in one SI period. As an example shown below, the period of SI message 1 is 80ms and the period of SI message 2 is 160 ms. For each period, network may configure multiple SI windows for each respective SI message. From the UE side, if any SI message is monitored, the left SI windows in the SI period can be skipped. 
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Proposal 1 UE can be configured with more than 1 SI windows for each SI message per SI period.

Option 3: dynamically adapt SI window or SI period.
Network can also configure multiple candidate SI windows for each SI message, among which there is one default SI window the UE may apply for SI monitoring. If the UE does not monitor SI message for the default configuration, the UE can apply a back-up configured SI window or SI period. As an example shown in the following figure, network configures two SI windows for SI message 1. UE uses the “w1” to monitor SI message in the SI period, if there is not SI message, UE autonomously use the “back-up w1” to monitor SI message1.
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Proposal 2 The SI window for each SI message can be dynamically adapted.
Network can also configure multiple candidate SI periods for each SI message, among which there is one default SI period the UE may apply for SI monitoring. As an example shown below, if the UE does not monitor SI message in the SI window for a default SI period, the UE dynamically adapt the SI period to the updated SI period. This is equivalent to increase the SI window per SI period.
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Proposal 3 The SI period for each SI message can be dynamically adapted.

For NR-U operation, on-demand SI delivery shall be supported as well. If a UE request a SI message through an on-demand manner, it should send a request to a gNB, wait for an associated response and then detect the requested SI message within SI windows. During this procedure, some details can be further discussed. For example, if a gNB can not reply the SI request due to LBT failure, whether it is allowed to send the requested SI message when the channel is available later? If not allowed, the SI request procedure will be restarted (e.g. from MSG1 retransmission) and the time needed to obtain an on-demand SI will be increased.

Observation 6 For on-demand SI delivery in NR-U operation, if a gNB can not reply the SI request due to LBT failure, and it is not allowed to send the requested SI message even if the channel is available later, the SI request procedure will be restarted and the time needed to obtain an on-demand SI will be increased.
Proposal 4 Possible enhancements for on-demand SI delivery in NR-U should be considered.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In NR licensed, SIBs (other than SIB1) are carried in SystemInformation (SI) messages, the mapped SIBs have the same periodicity.
Observation 2
In NR licensed, each SI message is transmitted within SI-windows which occurs periodically in the time domain.
Observation 3
In NR licensed, each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap.
Observation 4
For NR-U operation, if channel is not available due to LBT failure, network can not send the SI-message in the corresponding SI-window.
Observation 5
For NR-U operation, making SI window overlapped or partially overlapped may cause some drawbacks.
Observation 6
For on-demand SI delivery in NR-U operation, if a gNB can not reply the SI request due to LBT failure, and it is not allowed to send the requested SI message even if the channel is available later, the SI request procedure will be restarted and the time needed to obtain an on-demand SI will be increased.
Proposal 1
UE can be configured with more than 1 SI windows for each SI message per SI period.
Proposal 2
The SI window for each SI message can be dynamically adapted.
Proposal 3
The SI period for each SI message can be dynamically adapted.
Proposal 4
Possible enhancements for on-demand SI delivery in NR-U should be considered.

 
4 Text Proposal to TR 38.889 v0.2.0

7.2.2.3.2
Other
7.2.2.3.2.x
System information
In NR-U, more opportunities for SI transmission in time domain may be needed to relieve LBT impact. There are several options for increasing the SI transmission opportunities in time domain:
· Option 1: UE can be configured with more than 1 SI windows for each SI message per SI period.

· Option 2: The SI window for each SI message can be dynamically adapted.

· Option 3: The SI period for each SI message can be dynamically adapted.

Like in NR licensed, Other SI can be broadcast periodically or provisioned on-demand. For on-demand SI delivery in NR-U operation, if a gNB can not reply the SI request due to LBT failure, and it is not allowed to send the requested SI message even if the channel is available later, the SI request procedure will be restarted and the time needed to obtain an on-demand SI will be increased. Possible enhancements for on-demand SI delivery in NR-U should be considered.
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