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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 RAN2 #103bis SI message transmission/reception in unlicensed spectrum was discussed and following was agreed:

In this contribution we discuss frequency domain aspects of SI message transmission/reception.
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. Figure 1 is an example illustration of multiple SI messages transmission/reception using multiple SI windows in NR. 
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Figure 1
In NR, SI-window length is configurable. Additional transmission opportunities in time domain for SI can easily be supported by defining additional code points in ASN.1 for si-WindowLength.

Observation 1: Additional transmission opportunities in time domain for SI can easily be supported by defining additional code points for si-WindowLength.
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. In NR, SI message is transmitted in one or more BWPs of a cell. 

·  In order to support initial access (i.e. for UE’s in idle/inactive state), SI message is transmitted in initial DL BWP. In the frequency domain, bandwidth for SI message transmission/reception is the bandwidth of initial DL BWP. 

· In addition to initial DL BWP, SI message can optionally be transmitted in other DL BWP(s). Transmission of SI message in DL BWP is indicated by configuring osi-searchSpace in that DL BWP. If the osi-searchSpace is configured in active DL BWP, UE in RRC connected state receives the SI message(s) in active DL BWP. 
Observation 2: NR supports multiple transmission/reception opportunities for SI message in frequency domain (initial DL BWP + zero or more DL BWPs of a cell).

Observation 3: The BWP in which UE receives SI message is restricted in NR. Idle/inactive UE receives SI message only in initial DL BWP. Connected UEs can receive SI message only in its active BWP.
In case of unlicensed spectrum, network needs to determine whether the channel is free or not for DL-SCH transmission in initial DL BWP. 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. For initial access and mobility procedures, RAN1 [3] has also identified reduced transmission opportunities due to LBT failure as a main issue for NR operation in unlicensed band.
The chances of obtaining a free channel can be increased by increasing the transmission opportunities for SI message transmission in frequency domain. GNB can signal a list of coresets for SI message reception. GNB can perform LBT on multiple sub-bands (corresponding to different coresets) and broadcast SI message in coreset where channel is available. UE monitors for SI messages in multiple coresets signaled by gNB. According to TR [3], LBT can be performed in units of 20 MHz. So each of these coresets for SI message transmission/reception can have a BW of 20 MHz.

As shown in Figure 2, 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 2
It is to be noted that we have already agreed to consider additional transmission/reception opportunities for paging in NR-U. From network point of view, transmitting SI messages in multiple opportunities in frequency domain is already supported in NR. If UE can be made aware of these additional transmission opportunities (i.e. BWPs or coresets), UE can monitor these and impact of LBT on SI acquisition can be minimised.
Proposal: In unlicensed spectrum, RAN2 should consider increasing the SI message transmission/reception 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, RAN2 should consider increasing the SI message transmission/reception opportunities in frequency domain.
Proposal 2: Agree to the TP in annexure.
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5 Annexure: Text Proposal for TR 38.889

2.1 Inactive and Idle procedures 

For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline. As such,  NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is also used as the baseline.
The UE measurements in Idle/Inactive mode will assume recurring transmissions of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT. The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.

In unlicensed bands, multiple PLMNs can use the same carriers without any coordination. Therefore, the best cell found by a UE on a frequency may not belong the registered PLMN. In this case, the UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN.
For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided for example in time domain or frequency domain.

For SI acquisition, it may be beneficial to introduce more opportunities for the UE to receive the SI message. The additional locations can be provided for example in time domain and/or frequency domain.
RAN2 103bis Agreements [2]:


RAN2 should focus on scheduling of SIB at this stage and the detailed design of MIB and SIB1 are pending in RAN1.


More opportunities for SI transmission in time domain may be needed to relieve LBT impact.
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