Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #107 
R2-1908790
Prague, Czech Republic, 26rd August–30th August 2019

Agenda Item:
11.2.2.1

Source:
OPPO
Title:
System information enhancements for NR-U
Document for:
Discussion, Decision

1 Introduction

In the WID RP-182878, regarding enhancements to system information, it says:

-
System information: specify required NR modifications to enhance acquisition of system information in NR-U including increased transmission opportunities in time domain for SI transmission.
In TR 38.889, one conclusion has already been captured as follows:

Since System Information (SI) transmissions will be subject to LBT, it is beneficial to add more transmission opportunities in time domain for SI transmission, e.g. by configuring a longer SI window. 

If there is need to have multiple SI messages then with existing NR design, different SI messages require separate LBT procedures. It may be beneficial not to require multiple LBTs for different SI messages to increase the success probability of the transmission.
In this contribution, we give our views on possible enhancements to system information.
2 Discussion

2.1 Background
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;
As an example shown below, SI message 1 is transmitted in SI window w1 every 80ms, and SI message 2 is transmitted in w2 every 160ms.
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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.
2.2 Enhancements to SI scheduling
In order to increase the transmission opportunities in the time domain, as captured in TR 38.889, it would be beneficial to add more transmission opportunities in time domain. So basically there are following options which worth to be discussed:
Option 1: the SI-windows for different SI-messages can be overlapped or partially overlapped.
Network can configure an overlapped SI-window which can be used for multiple SI-message transmissions. 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.
For option 2, network can configure multiple SI-window for the SI message transmission period to increase the transmission opportunities for each SI transmission. 

As an example shown below, the number of SI window for each SI message in one period is increase to 2. In other words, for SI message 1 transmission, there are 2 non-overlapped SI windows in the period 80ms. If UE does not monitor SI message 1 in the first w1 in the period, it can keep monitoring the SI message 1 in the next w1 in the same period. If SI message 1 is obtained in the first w1, the second w1 should be skipped by the UE.
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Option 2 is equivalent to increasing the SI window, however it have some extra benefits. Firstly, it does not make different SI window overlapped so that the impacts to the current mechanism are minimized. Secondly, by spreading the SI window over the SI period can randomize the channel access over time domain.
The increased SI windows per SI message period can also be closely located in the time domain. As an example in the following figure, UE assumes the SI window to be default value, e.g., w1 for SI message 1. If SI message 1 is not obtained in w1, UE keeps monitoring continuously for another w1 which is overlapped with w2. The behaviour is same for monitoring SI message 2 in w2. 
However, for this option, some mechanisms are needed to differentiate different SI messages in the overlapped SI window. For example, in w2, network may need to configured different SI-RNTIs for the UE to different SI message 1 and SI message 2.
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Observation 6 For NR-U operation, increase the number of SI window per SI message period can increase the SI transmission opportunities.
Proposal 1 Support to configure multiple candidate SI windows per SI message period, the increased SI window can be either closely located in time domain or scattered in time domain.
2.3 Enhancements to on-demand SI
On-demand System Information (SI) was introduced in NR R15, enabling the network to reduce the periodically broadcast SI by letting some of the SI messages containing SIBs of the “other SI” be available only on request. There are two ways for on-demand SI, which are only used in RRC-IDLE and RRC-INACTIVE:
· Msg1 based SI request. 

· Msg3 based SI request.
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 7 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 2 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 NR-U operation, increase the number of SI window per SI message period can increase the SI transmission opportunities.
Proposal 1
Support to configure multiple candidate SI windows per SI message period, the increased SI window can be either closely located in time domain or scattered in time domain.
Observation 7
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 2
Possible enhancements for on-demand SI delivery in NR-U should be considered.
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