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Introduction
[bookmark: _Ref462918989]During RAN2#104 in Spokane, several contributions [1-5] are presented and discussed for determining the high level solution for the system information scheduling in NR-U, by taking into account the LBT failure. It was agreed that it is beneficial to extend the SI window in time domain in order to have more SI transmission opportunities. Also RAN2 consider to transmit multiple SI messages with just one LBT attempt by e.g., aggregating multiple SI messages into one SI messages, or allowing overlapped SI windows. The following is the SI related description in the final TR 38.889.

	7.2.2.3.2       Other
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.



As the high level description in TR 38.889 provides very general description and still allows a lot of room for different solutions/enhancements, this discussion paper tries to provide way-forward from different solutions with the intention to converge to a more specific solution/direction. 

[bookmark: _Ref178064866]Discussion
Additional SI transmission opportunities
To accommodate the LBT failure in NR-U, companies [1-5] proposed to increase the SI transmission opportunities in time domain in RAN2#104. The proposed methods can be summarized into the following 3 options. 
Option 1. Extending the SI window length [1][3][4]
· The simplest way is to extend the SI window, and this can be done even without changing the current NR specification, if no SI windows overlapping occurs due to the extension. As further extension of extending the SI window length, the overlapping of different SI windows is proposed, if the total duration of all SI windows after extension is more than the periodicity of the SI cluster. If two SI windows are overlapped with each other, UE cannot know which SI message it is receiving during the overlapped time. As a result, UE is not able to do the soft-combining of multiples (repeated) SI transmissions. [4] proposed to introduce multiple SI-RNTIs (each SI-RNTI maps to one SI message) so that UE can distinguish which SI message it is receiving during the period with overlapped SI windows. [3] proposed that more than one SI messages can be grouped into the same SI window with extended duration, even if these SI messages are transmitted with different periodicities. Then when the SI window arrives and channel is available, one or multiple SI messages can be transmitted depending on SI periodicities of these SI messages.
Option 2. Allowing multiple duplicated SI windows in one SI period [5]
· Instead of extending the SI window length, [5] proposed to repeat the same SI window multiple times in the same SI period. If UE fails to obtain the desired SI in the first SI window, it can monitor the subsequent SI window(s) in the same SI period. As how many times an SI window can be repeated depends on the SI periodicity and also on the availability of other SI windows, it could be very complicated and not easy for gNB to configure the SI scheduling properly. 
Option 3. Extending the SI window dynamically upon the LBT failure [1][3]
· A cluster of SI-windows repeats at an interval of the shortest SI periodicity. As different SI messages have different periodicities, not every SI window will appear in every SI cluster. For example, a non-shortest periodicity SI window appears once for every 3 SI clusters. In view of this, [1][3] proposed to utilize the vacant SI windows as the backup windows to transmitted the SI messages which are not transmitted in earlier SI windows of the same cluster due to failure LBT attempts. We think the concept of providing the backup windows gives gNB more flexibility on resource scheduling, but it is not necessary that the backup SI window can be used by the SI transmissions of earlier SI windows in the same SI cluster. 
Observation 1: Extending the SI window length can be done without changing the current NR specification. If the overlapping of different SI windows is carried out, this would require more specification changes to address it.
Observation 2: Allowing multiple duplicated SI windows in one SI period can complicate the gNB configuration and UE’s behaviour.
Observation 3: Configuring the backup windows gives gNB more flexibility on resource scheduling, and can avoid unnecessary SI repetition overheads. 
Based on the above observations, we think that instead of overlapping the SI window length, it is more beneficial to configure the backup SI window, which can be either the vacant SI window or new additional SI window. The backup SI window provides additional opportunity for gNB to transmit the SI message which gNB was not able to send earlier due to the LBT failure.
Proposal 1: gNB configures backup SI window(s) as the additional SI transmission opportunity in time domain for NR-U operation. By utilizing the backup SI window(s), gNB can transmit the SI message(s) which gNB was not able to send earlier due to the LBT failure.
Unified SI windows length
In LTE/NR, all SI windows are configured with the same length. However, in NR-U, the unified SI window length may cause the unfair treatment for the SI with longer periodicity. That is, the probability that a long-periodicity SI and a short-periodicity SI cannot be transmitted in one SI window are the same, but the consequence of missing a long-periodicity SI is that the UE may need to wait for much longer time before it can acquire the SI compared to the short-periodicity SI. 
Observation 4: Configuring all SI windows with the same window length may result in unacceptable latency in acquiring the long-periodicity SI, if the long-periodicity SI cannot be transmitted due to LBT failure.
Therefore, we think it is reasonable to configure the SI window length individually for different SI messages with different periodicities. Ideally, gNB shall be able to configure the SI window length which is proportional to the periodicity of the SI message.
Proposal 2: In NR-U, SI window length can be configured individually for each SI message.

Conclusion
In this paper, we summarize the NR-U SI related contributions submitted to RAN#104 and provide the following observations. 
Observation 1: Extending the SI window length can be done without changing the current NR specification. If the overlapping of different SI windows is carried out, this would require more specification changes to address it.
Observation 2: Allowing multiple duplicated SI windows in one SI period can complicate the gNB configuration and UE’s behaviour.
Observation 3: Configuring the backup windows gives gNB more flexibility on resource scheduling, and can avoid unnecessary SI repetition overheads.
Observation 4: Configuring all SI windows with the same window length may result in unacceptable latency in acquiring the long-periodicity SI, if the long-periodicity SI cannot be transmitted due to LBT failure.
[bookmark: _GoBack]Based on the observations, we provide the way-forward in the following; RAN2 is kindly asked to discuss and approve the following proposals. 
Proposal 1: gNB configures backup SI window(s) as the additional SI transmission opportunity in time domain for NR-U operation. By utilizing the backup SI window(s), gNB can transmit the SI message(s) which gNB was not able to send earlier due to the LBT failure.
Proposal 2: In NR-U, SI window length can be configured individually for each SI message.
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