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1 Introduction
The RAN#82 meeting approved the WID for NR-U [1] and the objective of system information is to specify required NR modifications to enhance acquisition of system information in NR-U. In RAN2#103bis meeting it was agreed that RAN2 should focus on scheduling of SIB at this stage and the detailed design of MIB and SIB1 are pending in RAN1. The contribution discusses the issue of SI message scheduling and summarizes potential solutions in time and frequency domains.
2 Discussion
Due to the regulations in unlicensed spectrum usage and to guarantee fairness among access technologies, any transmission in the unlicensed spectrum should follow the LBT (Listen Before Talk) rule, i.e. a CCA (Clear Channel Assessment) procedure is required before transmission. If the channel is busy the transmission may be blocked due to the LBT failure. Therefore the broadcast of SI message is blocked so that UE fails to receive an SI message within its SI window.
In NR, MIB indicates the scheduling configuration of SIB1 which can be repeated times within a periodicity of 160ms. SIB1 indicates the scheduling configuration of other SIBs which can have different periodicities. According to TS38.331, “Only SIBs having the same periodicity can be mapped to the same SI message. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages). Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap.”
Solutions to these issues are discussed as below.
2.1 Time domain solutions
To cope with the issue of SI blockage, more opportunities can be considered in time domain.

1a): Some companies share the view that the size of SI-window can be extended [2][3]. This solution reuses NR mechanism and is easy to implement though there will be more power consumption of UE if CCA fail continues and longer time monitoring is required. The major limitation for extension is that SI-windows do not overlap.
1b): Another solution is to associate an SI message with multiple SI-windows as proposed in [4] (also discussed in [2]). For this solution the restriction of none-overlapping SI-windows still holds. A minor advantage of this solution over extension is that once the UE monitors an SI message it can ignore the left SI windows for this message for monitoring in the SI period, and on this premise the additional power consumption can be reduced. However, this solution requires standard support of configuring multiple SI-windows for one SI message (which in fact shortens the SI period). It reduces continuous transmission opportunity as well and thus more CCAs are required. If different separate CCA procedures are not required for different SI messages and for different SI-windows of the same SI message, this solution can be considered.
1c): To further improve the effectiveness of extension solution, some companies suggest to allow that SI-windows of different SI messages may overlap [3] or even coincide [5][6]. This solution may maximize transmission effectiveness of SI message and reduces UE power consumption. A major problem of this solution is that how to differentiate SI messages in the same SI-window. New indication (e.g. SI-RNTI proposed in [3]) is necessary and the processing complexity as well as the buffer requirement of UE are surely increased. Since that the approved WID stated “To allow for an efficient design, the enhancements should reuse the features of NR as much as possible”, it is better to follow this principle in system information scheduling, while association of multiple SI messages with a SI window (i.e. coincide) can be considered with less complexity and less impact on PHY.
2.2 Frequency domain solutions

From another perspective of frequency domain more opportunities can also be considered as in [7] and [8]. For an NR licensed cell it is agreed that multiple BWPs can be configured, and there is at most one BWP activated at any time for a serving cell.
2a): Configure multiple BWPs for SI and broadcast SI message on the first BWP with successful CCA. This solution provides additional transmission opportunities in frequency domain for SI using current BWP mechanism. Note that although the UE has to monitor SI message on all configured BWPs, the SI message is transmitted and received only on one BWP in this solution so that less power consumption is increased than multiple activated BWPs. The main problem is that for now the gNB only transmits system information blocks on initial BWP for idle/inactive UEs. It requires the gNB to indicate UE the list of BWPs for SI reception. In particular, the gNB may first attempt CCA on the initial BWP and only if this fails the gNB will switch to a non-initial BWP.
2b): Configure multiple BWPs for SI and broadcast SI message on the BWPs with successful CCA. This solution also provides an alternative to solve SI-windows overlapping, i.e. the SI-windows overlapped in time domain can be scheduled on different BWPs. However, this solution requires more power consumption than 2a) as concerned in the last RAN2 meeting. And in RAN1#AH1901 it was agreed that operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
A comparison of the above-mentioned solutions is provided in Table I:

Table I: A comparison of solutions for SI message broadcast

	Solution
	Standard impact
	UE power consumption
	Limitations

	1a) SI-window extension
	None. Easy to implement.
	Increase if CCA fail continues.
	Standard: SI-windows cannot overlap.

	1b) multiple SI-window for one SI message
	Support of configuring multiple SI-windows for one SI message.
	Increase with number of configured windows. Less increase for early success.
	Standard: SI-windows cannot overlap.

	1c) SI-window overlapping
	Support of SI-window overlapping and SI messages differentiation.
	May be less increase than 1a) and 1b).
	UE buffer.

	2a) Tx/Rx on one BWP with successful CCA
	Support of SI broadcast on non-initial BWPs and indication of BWP list.
	Increase with monitoring on configured BWPs. Less increase than 2b).
	Standard: SI broadcast only on initial BWP for idle/inactive.

	2b) Tx/Rx on BWPs with successful CCA
	Support of SI broadcast on non-initial BWPs and indication of BWP list.

Support of multiple BWPs activation (Not supported in Rel-16 as agreed in RAN1#AH1901).
	Increase with monitoring on configured BWPs and reception on successful BWPs.
	Standard: SI broadcast only on initial BWP for idle/inactive. Only one active BWP.


Noting that the nature of unlicensed spectrum and corresponding LBT regulation has made NR-U a best-effort system, it is proposed:
Proposal 1: Multiple SI messages can be associated with a SI window. SI-windows do not overlap. 
Proposal 2: SI-window extension as a basic solution in time domain should avoid SI-windows overlapping. How to configure SI-window size is left to implementation.
Proposal 3: The benefits and expenses of multiple SI-window for one SI message solution needs to be clarified.
Proposal 4: If CCA is failed on initial BWP, SI messages can be transmitted on a non-initial BWP with successful CCA.

Proposal 5: Multiple BWPs activation for SI message broadcast is not supported in Rel-16 NR-U.
3 Conclusions
In this contribution we discuss the issue of SI message scheduling and summarize the potential solutions in time and frequency domains. We would like to propose:
Proposal 1: Align NR-U with NR that SI-windows of different SI messages do not overlap.

Proposal 2: SI-window extension as a basic solution in time domain should avoid SI-windows overlapping. How to configure SI-window size is left to implementation.
Proposal 3: The benefits and expenses of multiple SI-window for one SI message solution needs to be clarified.
Proposal 4: If CCA is failed on initial BWP, SI messages can be transmitted on a non-initial BWP with successful CCA.

Proposal 5: Multiple BWPs activation for SI message broadcast is not supported in Rel-16 NR-U.
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