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Introduction
Transmission in unlicensed spectrum is inherently uncertain. This has many consequences for how a cellular system operating in unlicensed spectrum is designed. One of the affected functions is update of system information (SI) and how such updates are announced. This contribution discusses problems associated with this mechanism and proposes possible ways forward to mitigate the problem in NR-U.
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The mechanisms for System Information (SI) update follow the same principles in NR as in LTE. That is, a planned SI update is announced using paging messages during one SI modification period before the announced update takes place at the start of the subsequent SI modification period. In NR, notifications of coming SI updates are conveyed via so-called “Short Messages”, i.e. included in the DCI on the PDCCH without a scheduled PDSCH message. UEs in RRC_IDLE and RRC_INACTIVE state monitor their regular paging occasions (POs), i.e. one per paging DRX cycle, and UEs in RRC_CONNECTED state can monitor any PO for SI update notifications, but should monitor at least one PO per SI modification period.
This SI update mechanism is relatively robust in LTE and NR, but the situation is different in unlicensed spectrum. In unlicensed spectrum the network can never guarantee to deliver a paging message in all POs of the paging DRX cycle during one SI modification period. When this happens, all UEs will not be informed of the coming SI update, which will result in a mismatch between the broadcast SI and the SI stored in the concerned UEs (which these UEs consider as valid). A consequence may be malfunctioning operation for the concerned UEs as well as harmful disturbance of the network operation in general, e.g. because of RACH transmissions using incorrect transmission resources or access attempts in barred cells.
RAN2 has agreed to allow more paging transmission opportunities per paging DRX cycle for a UE in NR-U. Both time division multiplexing (TDM) and frequency division multiplexing (FDM) can be considered for this purpose. Nevertheless, the opportunities to reach a UE are limited and success cannot be ensured.
The inherent differences between operation in licensed and unlicensed spectrum motivate that means are provided to reduce the risk for such negative consequences in NR-U. Such means could be either “proactive”, e.g. increase the time period during which the planned SI update is announced, or “reactive”, e.g. minimizing the damage by retroactively ensuring that previously missed POs are covered with SI update notifications.
Observation 1	Both proactive and reactive means can be used to reduce the risk that some UEs do not receive a notification of a coming SI update and to reduce the damage when this happens.
Proactive means for risk reduction
To reduce the risk that some POs (possibly involving multiple frequency-multiplexed or time-multiplexed transmission opportunities per PO) are not covered by successfully transmitted SI update notifications the notification period can be extended. Instead of one SI modification period, the notification period could be two or three SI modification periods or even longer. 
With an announcement period of multiple SI modification periods, a UE receiving an SI update notification cannot be sure how long time it is until the announced SI update is executed, which is the time when the UE should acquire the updated SI. Hence, there should be an indication in the SI update notification message (i.e. the DCI/Short Message) indicating at which SI modification period boundary the SI update will be executed and the UE should acquire the updated SI. 
This indication could come in the form of the number of full SI modification periods that remain until the SI update will be executed. That is, if the SI update will be executed at the start of the next SI modification period, then the indicator is set to ‘0’, if the SI update will be executed at the start of the SI modification period following after the next SI modification period, then the indicator is set to ‘1’, etc. 
There are currently 5 unused bits in the DCI/Short Message reserved for future potential use in conjunction with SI update notifications. For instance, 2 of those 5 bits could be used to convey 4 different SI update execution times in relation to the transmission of the SI update notification. Note that this explicit and dynamic way of indicating when the UE should acquire the updated SI allows the network to determine on a case by case basis how long in advance, e.g. during how many SI modification periods, it should announce the coming update.
Reactive means to minimize damage of missed POs
If the network fails to send SI update notifications in one or more of the POs (possibly involving multiple frequency-multiplexed or time-multiplexed transmission opportunities per PO) before the SI update is executed, then, after the end of the notification period (and thus after the SI update has been executed) the gNB continues to send SI update notifications in the concerned POs until a notification has been sent in every PO. During these late notifications the SI update notification message should include an indication that the UE should acquire the updated SI immediately.
Combination of proactive and reactive means
The proactive means reduces the risk that the network fails to transmit SI update notification messages in one or more PO(s) prior to the SI update and the reactive means minimizes the damage if it happens, but none of them eliminates the risk. Therefore, it may be beneficial to apply both the proactive means and the reactive means in combination.
When a combination of extended notification period and retroactive SI update notification transmissions is used, then the above-mentioned indication in the SI update notification message, informing the UE when to acquire the updated SI, could have 4 values with the following interpretations: 0 = “immediately”, 1 = “at the start of the next SI modification period”, 2 = “at the start of the second full SI modification period following the SI update notification”, 3 = “at the start of the third full SI modification period following the SI update notification”
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Conclusion
In section 2 we made the following observations: 
Observation 1	Both proactive and reactive means can be used to reduce the risk that some UEs do not receive a notification of a coming SI update and to reduce the damage when this happens.
Based on this observation and the discussion in section 2 we propose the following:
Proposal 1	RAN2 should study both proactive and reactive means to reduce the risk that some UEs are not reached with SI update notification messages (because LBT failure prevents transmission of the message in one or more POs during the notification period) and to minimize the damage if this happens.
Proposal 2	RAN2 should study an extended SI update notification period as one possible proactive mean to reduce the risk that LBT failure prevents the network from reaching all UEs with SI update notification messages.
Proposal 3	Retroactive transmissions of SI update notifications (after the SI update has been executed) should be studied as one possible reactive mean to minimize the damage when LBT failure has prevented the network from reaching all UEs with SI update notifications before the SI update was executed.
Proposal 4	Combined proactive and retroactive SI update notifications shall be studied.
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