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1 Introduction
One of the objective of SID [1] is to study NR-based initial access and idle mode operation in unlicensed spectrum. SI message acquisition is one of the essential operation which UE needs to perform before it can access the cell.
In this contribution we discuss the issues and potential solutions for SI message transmission/reception in unlicensed spectrum.

2 Discussion
In NR, SIBs other than SIB 1 are are carried in SI messages, which are transmitted on the DL-SCH. 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. That is, within one SI-window only the corresponding SI message is transmitted. Figure 1 is an example illustration of multiple SI messages transmission/reception using multiple SI windows in NR.
In the SI-window, UE monitors the PDCCH monitoring occasions (i.e. symbols/slots) configured for SI message reception. For SI message acquisition PDCCH monitoring occasion(s) are determined according to osi-searchSpace. If osi-searchSpace is set to zero (also referred as default association), PDCCH monitoring occasions for SI message reception in SI-Window are same as PDCCH monitoring occasions for SIB1. If osi-searchSpace is not set to zero (also referred as non-default association), PDCCH monitoring occasions for SI message is determined based on search space indicated by osi-searchSpace. In the frequency domain, bandwidth (or coreset) for SI message reception is the initial DL BWP.
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Figure 1
In case of unlicensed spectrum, network needs to determine whether the channel is free or not for DL-SCH transmission. If channel is not free, network cannot transmit SI message in SI-window. Failure to transmit in several SI-windows may delay the initial access. The chances of obtaining a free channel can be increased by increasing the transmission opportunities for SI message transmission. There are several ways in which transmission opportunities for SI message transmission can be increased:
A. Increase in transmission opportunities in time domain
· Option 1: Reducing the SI period

SI period for each SI message is configurable. Network can configure smaller SI periods in order to increase the transmission opportunities. The consequence of this approach is that this will also increase the signaling overhead as network needs to transmit in each SI period if channel is free. In beamformed system it may also lead to scheduling restrictions because of increased number of beam sweepings.
· Option 2: Increasing the SI-window length
SI-window length is configurable. Network can configure larger SI-window length in order to increase the transmission opportunities. The search space for SI message acquisition and SI-window length can be configured such a way that there are ‘N’ transmission opportunities in SI-window, where N = (number of PDCCH monitoring occasions in SI-window/number of transmitted SSBs). The advantage of this option is that even there are ‘N’ transmission opportunities, network does not need to transmit in all of them.
According to current NR agreements, Kth PDCCH monitoring occasion in SI-window corresponds to the Kth transmitted SSB. This mapping between PDCCH monitoring occasions and transmitted SSBs in SI Window needs to be re-defined as the number of PDCCH monitoring occasions in SI window needs to be more than the number of transmitted SSBs for supporting additional transmission opportunities.
Figure 2 and Figure 3 illustrates two different ways of mapping between PDCCH monitoring occasions and transmitted SSBs in SI Window for supporting additional transmission opportunities. In the example, there are 4 transmitted SSBs. The number of PDCCH monitoring occasions in SI-window is 8.
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Figure 2
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Figure 3

B. Increase in transmission opportunities in frequency domain
Network can signals a list of Coresets for SI message reception. Network can perform LBT on multiple sub-bands (corresponding to different coresets) and broadcasts SI message in coreset where channel is available. UE monitors for SI messages in coresets signaled by network. As shown in Figure 4, in a SI period, in SI window occasion, gNB will transmit SI message in coreset where the channel is free. In different SI periods, channel may be free in different coresets and gNB transmits SI message accordingly.
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Figure 4
Proposal 1: In unlicensed spectrum, search space for SI message acquisition and SI-window length can be configured such a way that there are ‘N’ transmission opportunities in SI-window, where N = (number of PDCCH monitoring occasions in SI-window/number of transmitted SSBs).
Proposal 2: RAN2 should discuss mapping between PDCCH monitoring occasions and transmitted SSBs in SI Window when number of configured PDCCH monitoring occasions in SI-window are greater than number of transmitted SSBs.

Proposal 3: In unlicensed spectrum, RAN2 should consider increasing the SI message transmission opportunities in frequency domain.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: In unlicensed spectrum, search space for SI message acquisition and SI-window length can be configured such a way that there are ‘N’ transmission opportunities in SI-window, where N = (number of PDCCH monitoring occasions in SI-window/number of transmitted SSBs).

Proposal 2: RAN2 should discuss mapping between PDCCH monitoring occasions and transmitted SSBs in SI Window when number of configured PDCCH monitoring occasions in SI-window are greater than number of transmitted SSBs.

Proposal 3: In unlicensed spectrum, RAN2 should consider increasing the SI message transmission opportunities in frequency domain.
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