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Introduction
From NR-U Study Item Report TR 38.889 [1]:
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. 
[bookmark: _Ref178064866]Discussion
System information in NR Rel-15
In NR Rel-15, there are two schemes of system information (SI) provisioning, both using a broadcast mechanism. The first scheme is periodic broadcast, and the second scheme is SI on-demand.
Periodic broadcast of system information (SI) in NR is designed mostly according to the same principles as in LTE. However, LTE-SIB1 only contained cell access related information and was scheduled with a periodicity of 80 ms and four transmission instances within that period, while LTE-SIB2 containing parameters related to common and shared channels was scheduled with the first SI message. 
In NR, SIB1 contains all essential information, i.e. cell access as well as common and shared channel information. 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, i.e. SIBs with the same scheduling requirements are multiplexed in the same SI message, and every SI message is associated with a configurable periodicity and an SI-window within which the SI message is transmitted. 
The SI-windows are non-overlapping and they all have the same configurable duration. If the UE needs to receive a certain SI message, it can save energy by monitoring only the SI-window associated with the SI message of interest. 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.
Since SIB1 contains all parameters related to common and shared channels, the first scheduled SI message no longer contains essential information and can be transmitted with much longer periodicity than in LTE or even on-demand.
The concept of on-demand SI has been introduced in NR, by which some SI messages are not always periodically broadcast, but are only available on-demand, i.e. a request from a UE triggers the network to periodically broadcast the requested SI message for a limited amount of time. 
Also, the scheduling information for SI messages that are available on-demand are configured in SIB1, i.e. they have associated periodic SI-windows. These SI-windows should, however, be seen rather as “placeholders” without any SI message actually being broadcast.Only when an on-demand SI message is requested, it is broadcast in its associated SI-window according to the schedule provided in SIB1.
System information in unlicensed spectrum
Unlicensed spectrum may be occupied/shared by other systems. Hence, intended transmissions may be blocked by LBT/CCA failures or may suffer from higher interference even if LBT/CCA succeeded, not only affecting UEs at the cell edge. Such interference at the receiver can result in unsuccessful decoding of the transmission. To cope with both issues, longer SI-windows should be configured compared to operation in licensed spectrum.
In LTE Rel-8, the value range for si-WindowLength is {ms1, ms2, ms5, ms10, ms20, ms40}, which has in LTE Rel-13 been extended for LTE-M with an si-WindowLength ranging from ms20 to ms200 to handle SI message repetitions.
For NR, the si-WindowLength has the following value range: {s5, s10, s20, s40, s80, s160, s320, s640, s1280}, i.e. up to 1280 ms for SCS = 15 kHz and up to 640 ms for SCS = 30 kHz. Thus, the gNB can already configure much longer durations compared to LTE. 
[bookmark: _Toc4708905]The gNB can configure a longer SI-window to reduce the risk of SI message transmission failure within an SI-window and also to allow for SI message repetitions to counteract interference.
The SI periodicity for LTE and NR has the following value range: {rf8, rf16, rf32, rf64, rf128, rf256, rf512}.
The minimum configurable SI periodicity depends on the SI-window length and the number of configured broadcast/on-demand SI messages. In licensed NR operation, it is expected that the configured SI-window lengths are significantly shorter than the SI-periodicities given the fact that all essential information is carried in SIB1, leaving a gap where no SI messages are expected. 
In order to reduce the number of LBT attempts for SI message transmission, it is beneficial to multiplex as many SIBs with similar scheduling requirements in the same SI message. On the other hand, SIBs with less urgency can still be configured with longer periodicities to allow for efficient resource usage of unlicensed spectrum. Additionally, resource usage can be kept at the minimum by configuring SI on-demand.
[bookmark: _Toc4708906]It is possible to group the SIBs in few SI messages to both overcome LBT/CCA failure and to allow for efficient resource usage.
[bookmark: _Toc4497843][bookmark: _Toc4497816][bookmark: _Toc4497844][bookmark: _Toc4497819][bookmark: _Toc4497847]It has also been proposed to use so-called backup windows, exploiting SI-windows which are not used for SI-transmission, either because they have a longer periodicity than the previous SI message or because they are used for SI on-demand. 
The use of backup windows exploiting SI-windows that are reserved for SI on-demand has the drawback that these cannot be used when SI transmissions on demand are scheduled and thus does not appear very stable. 
The use of backup windows exploiting different SI-periodicities has the drawback that at some occasions, the backup windows cannot be used and would thus only at some occasions provide additional SI transmission opportunities. 
[bookmark: _Toc4708907]The use of backup windows does not regularly provide additional SI transmission opportunities at any occasion.
We have previously observed (in R2-1901747 [3]) that extending the SI-windows would make it difficult to configure a number of non-overlapping SI-windows without excessively long broadcast periodicities. Other companies have proposed that this problem may be addressed by putting all SIBs in the same SI message. However, this would severely restrict the operator’s SI scheduling flexibility, since all SIBs would have to be broadcast with the same periodicity. In addition, it would essentially force all UEs to receive all SIBs, even the ones they have no interest in.
Another way to address this issue that we have proposed (also in R2-1901747 [3]) is to allow SI-windows to (partly) overlap and to distinguish the SI messages in overlapping SI-windows by using different SI-RNTIs, which would allow a UE to identify the SI message without parsing the actual message, thereby enabling soft-combining of multiple transmissions of the same SI message. But the use of non-overlapping SI-windows simplifies combining of SI message repetitions where HARQ processing memory is kept at a minimum and the UE wake-up time is kept at a minimum.
[bookmark: _Toc4708908]	The use of overlapping SI-windows may increase the UE HARQ processing memory requirements. 
These are very valid concerns and we still stand behind these proposals. However, given the time constraints for the specification of NR-U in release 16, it may be better to focus on specifying only the functionality needed for basic operation of NR-U in release 16. Optimization to improve performance and efficiency can be postponed to release 17. Hence, with the relatively small number of SIBs specified so far, we believe the existing SI mechanisms in NR licensed can be reused for the first release of NR-U, but care should be taken not to create unnecessary forward compatibility problems.
[bookmark: _Toc4686734][bookmark: _Toc4708909]The current NR SI provisioning mechanism can be used for unlicensed operation.
Conclusion
In Section 2 we made the following observations and proposals: 
Observation 1	The gNB can configure a longer SI-window to reduce the risk of SI message transmission failure within an SI-window and also to allow for SI message repetitions to counteract interference.
Observation 2	It is possible to group the SIBs in few SI messages to both overcome LBT/CCA failure and to allow for efficient resource usage.
Observation 3	The use of backup windows does not regularly provide additional SI transmission opportunities at any occasion.
Observation 4	The use of overlapping SI-windows may increase the UE HARQ processing memory requirements.
[bookmark: _In-sequence_SDU_delivery]Proposal 1	The current NR SI provisioning mechanism can be used for unlicensed operation.
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