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1	Introduction
In NR-Unlicensed WID [1], system information transmission was identified as a subject that requires enhancements compared to the baseline spec. Specifically, the WID lists the following: 
-	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 RAN2#106 meeting [2], the following agreement, for SI transmission, was reached:
· For the case when all broadcast SI can be put in one SI message, no optimization is needed. 
In this contribution, we express our views regarding potential enhancements for NR-U system information transmission.      
2	Discussion
2.1 System Information Blocks in NR
The Master Information Block (MIB) on PBCH provides the UE with parameters (e.g. CORESET#0 configuration) for monitoring of PDCCH for scheduling PDSCH that carries the System Information Block 1 (SIB1). The transmission schedule of various SIBs is indicated in SIB1. The following briefly describes the content of the NR SIBs.
· SIB2-SIB5 contain cell re-selection information: 
· SIB2 carries information related to the serving cell, 
· SIB3 carries information of the serving frequency and intra-frequency neighbouring cells, 
· SIB4 contains information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection, and 
· SIB5 contains information about E-UTRA frequencies and neighbouring cells
· SIB6 and SIB7 contain an ETWS primary and secondary notifications respectively
· SIB8 contains a CMAS warning notification
· SIB9 contains information related to GPS time and CUT.
The periodicity of various SIBs may be different. The SIBs that have the same periodicity may be allocated to the same SI message and transmitted within the SI-window with the said periodicity. The PDCCH/PDSCH of the SI messages are scrambled with SI-RNTI. A UE would know which SI message has detected depending on the SI-window that has detected the SI message in, enabled by non-overlapping SI-windows.  
2.2 SIB Transmission in NR-U
In NR-Unlicensed (NR-U) WID [1], system information (SI) transmission was identified as a subject that requires enhancements compared to the operation in licensed bands in the baseline spec. While SI transmission has been addressed in the baseline 3GPP NR specification, in NR-U, due to regulatory rules of operation in unlicensed bands, there need to be changes in order for the UEs to receive SI without interruption and without significant delay. 
During the NR-U SI phase, it was discussed that due to constraints of unlicensed channel operation, SI transmission may be interrupted if the gNB fails LBT before the scheduled SI transmission. To remedy this problem, multiple solutions were suggested. 
· One approach suggests to extend the SI-window length, hence increasing the chance of a successful LBT even if at the beginning of the SI-window LBT fails. The current specification allows for SI window length to be configured to be 5 to 1280 slots. Increasing SI window length, beyond what the value that the network optimized, would mean that UEs have to look for SI messages on longer windows, which negatively affects power consumption. 
· Another suggested approach was to have overlapping SI-windows. Given that all SI messages are detected via the same SI-RNTI, the UE would not know upon the detection of the SI message what SIB has detected. Moreover, a concern was raised regarding number of buffers that a UE has to run to enable soft-combining of the SI messages in an overlapped SI-windows scenario (vs a single buffer in the case of non-overlapping SI windows). 
Observation 1: Given the non-overlapping structure of various SI-windows, increasing SI window length would inevitably add to SI acquisition period beyond the network optimized value.
Another approach suggested during NR-U SI report is to increase SI transmission opportunity [1], i.e. to configure back-up SI windows during which a missed SI message can be transmitted. While this solution could address the problem to some extent, it’d require a more detailed evaluation. 
· First, configuring one increased transmission opportunity may be interpreted as one backup window for each SI window, which increases overall SI acquisition period, increasing overall SI acquisition delay (even if LBT is successful during all SI-windows). 
· Second, during an additional SI transmission opportunity, while there is an increased probability of a successful LBT, there is still a chance that LBT fails, in which case the UE has to wait for the next SI transmission. 
Proposal 1: In addition to increased transmission opportunities in time domain for SI transmission, introduce the notion of overlapping SI-windows to ensure a better utilization of a COT to deliver SI messages.
2.3 Transmission of all SIBs in one SI message 
In RAN2#106 meeting [2], the following agreement, for SI transmission, was reached: For the case when all broadcast SI can be put in one SI message, no optimization is needed. 
While some may suggest that it is possible to accommodate all the current NR nine SIBs in one SI message (hence avoiding any optimization of SIB transmission as RAN2#106 agreement suggest), we argue otherwise. 
· First, the aggregate size of NR SIBs could easily surpass the max size of 2976 bits that a UE is expected to receive in PDSCH carrying an SI message. This has been outlined in details in [4]. 
· Second, the current of number NR SIBs is nine, but there are various WIs in Rel-16 and future releases that would certainly increase the number of SIBs. If development of LTE is any indication, the number of SIBs has increased since its first releases, where the current number of SIBs is 26. Moreover, since NR is progressing in various industry verticals such as IoT/IIoT, positioning, V2X, NTN etc. it is expected that the number of SIBs increase even further. 
Therefore, adding all SIBs into one SI message is not an efficient approach for broadcasting SIBs, and in some circumstances is not possible due to maximum size of an SI message that a UE expects. Hence, for NR operation in unlicensed spectrum enhancements of SI transmission is necessary.
Observation 2: Adding all SIBs into one SI message is not an efficient approach for broadcasting SIBs, and in some circumstances is not possible due to maximum size of an SI message that a UE expects.  
2.4 SIB transmission enhancements 
To help transmission of an SI message outside of its originally-defined SI-window additional SI-RNTIs can be used [3]. While this is in contrast to the baseline design that uses single SI-RNTI, it could address the problem at hand without adding to SI acquisition delay. Below are a few such solutions based on using additional SI-RNTIs.
In one approach, an SI-message that has not been transmitted in its designated SI-window due to LBT, may be transmitted in an upcoming SI-window (after successful LBT) where the CRC of the DCI is scrambled by a different SI-RNTI. A UE, upon detection of a DCI with such RNTI, would attempt to detect the content of the SI message using ASN.1 RRC that indicates which SIBs are in the message. With this solution, a total of two SI-RNTIs are used where the first one is the same one as in the baseline spec, and the second SI-RNTI is used according to proposed solution herein.
In another approach, multiple SI-RNTIs are assigned in such a way that allows identification of SI messages. For instance, each additional SI-RNTI is associated with a certain SI message or a bundle of SI messages.
For instance, consider an SI message that has not been transmitted in its designated SI-window due to LBT. This SI message may be transmitted in an upcoming SI-window (pending a successful LBT) where the previously unsent SI-message gets bundled with the SI message configured for transmission in the current SI-window. For this SI-message bundle a unique SI-RNTI is used. In other words, upon LBT failure during an SI-window, the gNB may allocate the previously missed (not transmitted) SI-message with the SI-message configured for the window and will be transmitted in the next SI-window if LBT is successful. The following provides a few examples.
For instance, a gNB may not be able to transmit SIB2 during the window configured for SIB2 transmission. But in the upcoming SI window that is configured for transmission of SIB3, the gNB may transmit an SI message consisting of SIB2 and SIB3 with a unique SI-RNTI, e.g. SI23-RNTI, indicative of the bundled SIB2 and SIB3 messages. A UE may first try the SI-RNTI to detect the SI message, and if unsuccessful then try SI23-RNTI for CRC checking. With this approach and in this example, SIB3 is being transmitted in its originally-configured SI-window and SIB2 (that was not transmitted in the previous window due to LBT failure) would be transmitted in one SI message bundled with SIB3. This is enabled by using an additional SI-RNTI and without any additional or extended SI windows. The benefit of such approach is that it does not add to SI acquisition delay, and a missed SI-message gets transmitted right in the next SI window.  
In another instance, a gNB may form an SI message that consists of all the SIBs that carry information about cell re-selection, i.e. SIB2-SIB5 (or a subset of these SIBs). The DCI for this SI message is scrambled with a unique SI-RNTI, e.g. SI2345-RNTI for the message that consists of SIB2, SIB3, SIB4 and SIB5. A UE would have to try a few of such RNTIs in order to detect the content of the SI message. In another example, SIB6, SIB7 and SIB8 (emergency information SIBs) may be assigned to an SI message with a unique SI-RNTI, e.g. SI678-RNTI, and transmitted during a SI window that is originally configured for other SI messages. 
In above approaches, to enable soft-combining, the same SI message need to be repeated across the SI-window. 
Given above, we suggest RAN2 to consider assigning additional SI-RNTIs to SI-messages that consists of one or more SIBs (possibly with varying periodicity). A gNB transmits each SI-message on the configured SI-window (using the original SI-RNTI) if LBT succeeds. In the event of LBT failure during the SI-window, the gNB may combine two or more SIBs into one SI-message using a unique SI-RNTI configured for the set of SI messages.  
The additional SI-RNTIs may be in a fixed association with an SI message or a bundle of SI messages. Alternatively, the association may be dynamically indicated in SIB1. Dynamic allocation of SI-RNTIs is helpful to let the gNB to manage the situation, e.g. whether to stick with the baseline approach of a single SI-RNTI, or in the event of increasing LBT failure during SI-windows to dynamically announce additional SI-RNTIs for one or a bundle of SI messages. Such dynamic association is expected to happen infrequently given the underlying problem.         
Proposal 2: Allow transmission of multiple SI messages in an SI-Window where mapping between a set of SI-messages and an SI-window is configured in SIB1.
Proposal 3: Introduce the notion of multiple SI-RNTIs (in addition to current SI-RNTI) where each additional SI-RNTI is associated either with a specific SI message or a bundle of SI messages. How the additional SI-RNTIs are indicated to UE is FFS.
3	Conclusions
This contribution proposes a solution to enhance SI transmission in NR-U. We propose the following:
Observation 1: Given the non-overlapping structure of various SI-windows, increasing SI window length would inevitably add to SI acquisition period beyond the network optimized value.
Proposal 1: In addition to increased transmission opportunities in time domain for SI transmission, introduce the notion of overlapping SI-windows to ensure a better utilization of a COT to deliver SI messages.
Observation 2: Adding all SIBs into one SI message is not an efficient approach for broadcasting SIBs, and in some circumstances is not possible due to maximum size of an SI message that a UE expects.  
Proposal 2: Allow transmission of multiple SI messages in an SI-Window where mapping between a set of SI-messages and an SI-window is configured in SIB1.
Proposal 3: Introduce the notion of multiple SI-RNTIs (in addition to current SI-RNTI) where each additional SI-RNTI is associated either with a specific SI message or a bundle of SI messages. How the additional SI-RNTIs are indicated to UE is FFS.
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