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1. Introduction
In the RAN2#101 meeting, the NR SI scheduling issues were discussed. And the following agreements were achieved. 
Agreements for SI scheduling

3.1.1: In NR, adopt the “LTE scheduling framework” characterized as follows:

•
SIBs (other than SIB 1) are transmitted in SI messages. 

•
SIB 1 indicates mapping of SIBs to SI messages. 

•
Each SIB is contained in only a single SI message. 

•
Only SIBs having the same periodicity can be mapped to the same SI message.

3.2.1a: Only a single SI message is scheduled within one SI-window.

FFS: Whether SI-windows can overlap
3.2.2: The SI-window length is common for all SI-messages.

3.2.3: Segmentation of SIB/SI messages is not allowed except ETWS/CMAS SIBs.

There is still a remaining issue: whether SI-windows can overlap. In this paper, we analyze this issue and give our preference.
2. Discussion
In the cell where beam sweeping is applied, common channels (e.g. BCCH, PCH) need to be transmitted on N beams serially to ensure every UE in the cell can receive it, i.e. a beam sweeping cell needs to perform N-1 times more transmission than omnidirectional cell.  And in the last RAN2 meeting, the following agreement on paging has been achieved for beam sweeping case.
Agreements

1: 
The length of one PO in case of beam sweeping is one period of beam sweeping 

Follow the same design principle of paging, we propose:

Proposal 1: The SI-window length in case of beam sweeping is integer multiple of beam sweeping period.
If proposal1 is agreed, the following can be deduced: 

Observation 1: Longer SI-window is required by NR beam sweeping cell than omnidirectional cell. 

The study on NR based Access to Unlicensed Spectrum was already approved [1]. One of the objects of the study item is to develop an NR-based cell operating standalone in unlicensed spectrum, which means system information delivery is also supported by NR cell operating in unlicensed spectrum. To ensure the coverage of BCCH, a certain times of repetition is needed when gNB delivers SI messages. Given the gNB can only send SI messages after a successful LBT in unlicensed spectrum, it is obviously a NR cell operating in unlicensed spectrum needs longer SI-window than in licensed spectrum.

Observation 2: Longer SI-window is required by a NR cell operating in unlicensed spectrum than in licensed spectrum.
In LTE, one SI-window is associated with only one SI message, and there is no overlap between different SI-windows in time domain. The main intention of this design is to ensure only one HARQ process is used for SI message reception and avoid additional UE complexity.
However, the 1-to-1 mapping between SI message and SI-window may not work well in NR beam sweeping (or NR cell operating in unlicensed spectrum) case[2][3]. As mentioned in observation1, longer SI-window is required by beam sweeping cell than omnidirectional cell. Then SI-window overlapping may occur in some cases, as illustrated in the following figure.
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Figure 1 SI-window issue in beam sweeping cell
In the above figure, there are 9 SI-messages belonging to other SI (i.e. SI-message2 to 10) in one cell. Each SI-message is associated with one SI-window. The repetition interval of SI-message2 is 160ms. When no beam sweeping is deployed, the length of SI-window is 10ms. No overlapping between SI-window occurs. When beam sweeping is deployed, 20ms SI-window is used to ensure enough repetition times of each SI-message in each beam. Overlapping between SI-window of SI-message10 and SI-window of SI-message2 occurs.  
Therefore, for SI messages with short repetition periodicity, e.g. 160ms, it is difficult to ensure no SI-window overlapping.  
Observation 3: For NR cells require long SI-window, it is difficult to accommodate all the SI-windows serially before the repetition of the SI-message with short period, e.g. 160ms.
If the above issue is confirmed, we propose:
Proposal 2: RAN2 to discuss how to handle the overlapping of SI-windows issue.

Two solutions were proposed to solve the above problems:

· Solution1: Overlapping of SI-windows is supported.
As illustrated in the following figure, the SI-windows of different SI messages are overlapping in time. And the SI messages corresponding to the overlapping SI-windows can be scheduled by different SI-RNTIs. 

The advantage of this solution is the LTE formula for SI-window calculation can be reused.
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Figure 2 SI-window overlapping

· Solution2:  SI windows interleaving

As illustrated in the following figure, two SI messages with 320ms period are paired (e.g. SI-4 and 5; SI6 and 7; SI8 and 9). For one pair of SI messages, only one SI-message is delivered in a certain 160ms period, and the other SI-message is delivered in the next 160ms period.

The advantage of this solution is the only one HARQ process is needed for SI reception as LTE.
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Figure 3 SI window interleaving
If proposal2 is agreed, we further propose:
Proposal 3: RAN2 to discuss which solution is adopted, i.e. support SI-window overlapping by introducing multiple SI-RNTIs or allow SI-windows interleaving. 
3. Conclusion
In this contribution, we discussed the remaining issue of SI scheduling: whether SI-windows can overlap. The observations and proposals are following:
Observation 1: Longer SI-window is required by NR beam sweeping cell than omnidirectional cell.
Observation 2: Longer SI-window is required by a NR cell operating in unlicensed spectrum than in licensed spectrum.
Observation 3: For NR cells require long SI-window, it is difficult to accommodate all the SI-windows serially before the repetition of the SI-message with short period, e.g. 160ms.
Proposal 1: The SI-window length in case of beam sweeping is integer multiple of beam sweeping period.
Proposal 2: RAN2 to discuss how to handle the overlapping of SI-windows issue.
Proposal 3: RAN2 to discuss which solution is adopted, i.e. support SI-window overlapping by introducing multiple SI-RNTIs or allow SI-windows interleaving.
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