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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 periodic broadcast of system information (SI). This contribution discusses problems associated with such broadcast transmissions and proposes possible ways forward to mitigate the problems in NR-U.
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System information in NR licensed
Periodic broadcast of system information (SI) in NR is designed mostly according to the same principles as in LTE. Similar to LTE, the Master Information Block (MIB) is transmitted in a fixed location in relation to the synchronization signals. The situation for SIB1 is slightly different in NR than in LTE. 
The periodicity of SIB1 is 160 ms, but it may be repeated a number of times within these 160 ms and the transmission configuration is indicated in the MIB. The remaining SIBs are scheduled in SIB1 and transmitted on the PDSCH in the same way as in LTE. Different SIBs can have different periodicities. SIBs with the same periodicity are allocated to the same SI message and every SI message is associated with a periodic SI-window within which the SI message should be transmitted. 
The SI-windows of the different SI messages have different periodicities, are non-overlapping and they all have the same duration. A receiving UE leverages the non-overlapping property of the SI-windows to identify which SI message it receives (and hence which SIBs the SI message contains), the SI messages in themselves do not have any indication to distinguish one SI message from the other. To indicate that a PDSCH transmission contains an SI message, the PDCCH scheduling DCI which allocates the PDSCH transmission resources is scrambled with the SI-RNTI.
The concept of on-demand SI is introduced in NR, by which some SI messages are not regularly periodically broadcast, but are available on-demand, i.e. a request from a UE triggers the network to periodically broadcast the requested SI message for a certain time. 
Also the SI messages that are available on-demand have the same kind of scheduling information configured in SIB1, i.e. they have associated periodic SI-windows. These SI-windows should, however, be seen rather as “placeholders”, but when an on-demand SI message is requested, it is broadcast in its associated SI-window, as configured in SIB1.
System information in NR-U
The above scheduling scheme has worked well in LTE and can be expected to do so in NR too. However, in unlicensed spectrum the situation is different. 
In unlicensed spectrum, the transmissions are inherently uncertain due to that the spectrum may be occupied/shared by other systems, blocking transmissions and creating interference. Hence, LBT/CCA failures can block intended transmissions and interference at the receiver can destroy the reception of transmissions. 
For broadcast of system information, LBT/CCA failures may have the consequence that the gNB fails to transmit a scheduled SI message within its associated SI-window and interference may cause a UE to fail to receive a transmitted SI message, even though the signal to noise ratio (SNR) conditions are good. 
Observation 1	LBT/CCA failures may have the consequence that a gNB fails to transmit a scheduled SI message within its associated SI-window.
Observation 2	Interference may cause a UE to fail to receive a transmitted SI message, even though the SNR conditions are good.
To reduce the risk that a gNB fails to transmit an SI message within its associated SI-window, the SI-windows could be extended, giving the gNB more chances to transmit an SI message within its SI-window. Extending the duration of the SI-windows, however, makes it increasingly difficult to configure non-overlapping SI-windows, unless undesirably long SI message/SI-window periodicities are to be used.
Observation 3	Extending the SI-window length reduces the risk of SI message transmission failure in a scheduled SI-window, since the gNB has more chances to transmit the SI message.
Observation 4	With longer SI-windows, non-overlapping scheduling of the SI-windows can only be achieved with undesirably long periodicities of the SIBs/SI messages.
To overcome this problem, overlapping SI-windows could be allowed to enable keeping reasonable periodicities in combination with extended SI-windows. As a byproduct, it would become ambiguous which SI message a UE receives when it is received in an overlap region between two (or more) SI-windows. Although a UE could identify the SI message (and the SIB(s) it contains) from the ASN.1 CHOICE structure that indicates which SIB(s) the SI message contains, the fact that the UE can receive either of two or more different SI messages in an SI-window overlap region (and the UE cannot tell which it is without parsing the message) means that the UE cannot soft-combine multiple transmissions of the SI message. Hence, means should be provided to allow a UE to distinguish different SI messages during time intervals where SI-windows overlap without having to parse the actual SI message. 
To allow a UE to determine which SI message it has received when it receives an SI message at a time where two (or more) SI-windows overlap, so that the UE can apply soft-combining if needed, each SI message could be associated with a different SI-RNTI. If desired, only the SI messages whose SI-windows overlap with other SI-windows would be associated with different SI-RNTIs while the regular SI-RNTI could be used for other SI messages. It is even possible to use the associated non-regular SI-RNTIs only when an SI message is transmitted at a time where multiple SI-windows overlap. The association between SI messages and SI-RNTIs could be standardized or configured in the SchedulingInfo parameter structure in SIB1.
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The other of the above-mentioned problems associated with broadcast of SI in unlicensed spectrum, i.e. that a UE may fail to receive a transmitted SI message because of interference, is not addressed by extending the SI-window length. (This risk also exists in NR in licensed spectrum of course, but to a much lower degree.) To reduce this risk, the network could transmit an SI message multiple times within its associated SI-window. Multiple transmissions of the same SI message within its associated SI-window would also facilitate soft-combining of multiple transmissions, as multiple transmissions may be received in a shorter time than if only transmissions in repeated SI-windows can be utilized. This is possible already in NR and LTE, since there is nothing in the specifications that explicitly prevents it. Still, it could be good to explicitly allow this in NR-U.
Observation 5	Multiple transmissions of the same SI message within its associated SI-window would decrease the risk that a UE fails to receive the SI message, e.g. due to interference, and would also facilitate soft-combining of multiple transmissions of the same SI message. This is possible in NR since nothing in the specifications prevents it. 
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Conclusion
In section 2 we made the following observations: 
Observation 1	LBT/CCA failures may have the consequence that a gNB fails to transmit a scheduled SI message within its associated SI-window.
Observation 2	Interference may cause a UE to fail to receive a transmitted SI message, even though the SNR conditions are good.
Observation 3	Extending the SI-window length reduces the risk of SI message transmission failure in a scheduled SI-window, since the gNB has more chances to transmit the SI message.
Observation 4	With longer SI-windows, non-overlapping scheduling of the SI-windows can only be achieved with undesirably long periodicities of the SIBs/SI messages.
Observation 5	Multiple transmissions of the same SI message within its associated SI-window would decrease the risk that a UE fails to receive the SI message, e.g. due to interference, and would also facilitate soft-combining of multiple transmissions of the same SI message. This is possible in NR since nothing in the specifications prevents it. 
Based on this observation and the discussion in section 2 we propose the following:
Proposal 1	Extend the configurable range of SI-window lengths in NR-U to enable longer SI-windows than in NR.
Proposal 2	Introduce the notion of multiple SI-RNTIs and optional association between an SI message and a certain SI-RNTI to enable identification of SI messages transmitted at times where multiple SI-windows overlap in NR-U, so that soft-combining of multiple transmissions of the same SI message is possible.
Proposal 3	Explicitly allow multiple transmissions of the same SI message within its associated SI-window in NR-U.
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