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Introduction
A study item on the feasibility of using NR in unlicensed band is in progress in RAN1 [1]. The following agreements were reached regarding DL signals and procedure design in RAN1#93 [2]:
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access
Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied

Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied

 In this contribution, we examine several design aspects related to system information transmission for sub-7 GHz NR-U.
NR-U SI Transmission 
Framework
Rel-15 NR System Information (SI) is divided into Minimum SI and Other SI (OSI). Minimum SI is periodically broadcast over two different downlink channels via the MasterInformationBlock (MIB) on PBCH and SystemInformationBlockType1 (SIB1) scheduled on PDSCH. PBCH is included in the SS Block (SSB) along with PSS/SSS and DMRS. The term Remaining Minimum SI (RMSI) is also used to refer to SIB1, while OSI is transmitted in SystemInformationBlockType2 and other SIBs.
NR-U SI, and broadcast transmissions in general, has different contexts depending upon the NR-U deployment scenario. For the CA case, PSS/SSS is sufficient as a bare minimum, while for the standalone (SA) case, SS/PBCH/RMSI/OSI together with paging are all necessary. Nonetheless, a unified framework in terms of time-frequency resources for SI transmissions is beneficial for NR-U for the following reasons:
· Simplification of NR-U cell detection and measurements procedure. UE does not need to test multiple hypotheses for SSB/SI structure since deployment configuration of the cell may be unknown a priori.
· Potential to design a unified channel access scheme for SSB/SI transmissions instead of having to define one scheme per deployment scenario.
· A given cell can easily be configured as MN/standalone serving cell for some UEs and SN/SCell for other UEs

Proposal 1: A unified framework for SSB/SI transmissions across all deployment scenarios (CA/DC/SA) is adopted for NR-U.
The main question for NR-U SI is – what are the necessary enhancements to the Rel-15 NR design? For initial cell selection in Rel-15 NR, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. Due to LBT requirements in, for e.g., 5 GHz, such rigid timing assumptions need to be relaxed for NR-U. Furthermore, multiple SSBs are transmitted per half frame, with each SSB instance assigned a block index ranging from 0 to Lmax-1, where Lmax can be set to 8 for FR1. Due to the need for LBT, it is preferred that the SSBs with different indices be transmitted contiguously in time in a single TXOP, together with PDCCH/PDSCH as needed. This allows more efficient usage of the unlicensed spectrum with a single LBT step per SS burst, and also increases the probability of SS detection and PBCH decoding at the UEs as opposed to intermittent transmissions of isolated SSBs.
Proposal 2: Multiple SS Blocks can be transmitted contiguously in time in a single TXOP.

A second factor in the SI design is the occupied channel bandwidth and time duration achieved by a single 4-OS SSB spanning 240 tones for the PBCH. Minimum occupied bandwidth requirements are present in unlicensed bands such as 5 GHz, while the time duration is relevant for the channel access design discussed in Sec. 2.2. A summary of these parameters for different candidate subcarrier spacings is given in Table 1.

[bookmark: _Ref521514875]Table 1: Frequency and time span of a single SSB
	SCS (kHz)
	SSB Frequency Span (MHz)
	SSB time duration (µs)

	15
	3.6
	285.7

	30
	7.2
	142.9

	60
	14.4
	71.4



Based on the discussion above, a candidate unified SI framework shown in Figure 1. This design can be considered as a NR-U discovery reference signal (DRS), analogous to the DRS in LAA. The general principle is to FDM the SSBs and RMSI, which is a deviation from Rel-15 NR for FR1. There are a number of advantages in doing so. Firstly, the 80% occupied channel BW requirement for 5 GHz in Europe can now be satisfied for a 20 MHz unlicensed channel without changing the SSB design. Secondly, the time-frequency resources for the SSBs can be decoupled from the NR-U deployment scenario: for CA and DC the PDSCH can be used for unicast data (if any) and the PDCCH can be used for common or UE-specific signaling, while for SA the PDSCH region can be further used for RMSI, OSI, and paging. Thirdly, a wider-band DRS can be better detected by neighboring NR-U and WiFi nodes; a SSB-only transmission resembles a narrowband interferer to WiFi for SCSs of 15 kHz and 30 kHz.
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[bookmark: _Ref521516421]Figure 1: SI transmission framework for sub-7 GHz NR-U. Contiguous SSBs are FDM with PDCCH and PDSCH.
Proposal 3: SSBs can be FDM with PDCCH and RMSI as part of a DRS for sub-7 GHz NR-U.

Channel access scheme
The channel access framework for LTE LAA is a guideline for NR-U in 5 GHz, at least. A Cat-2 LBT scheme is defined for LAA DRS transmissions that do not contain unicast PDSCH and span less than 1 ms in time. Recall that LAA DRS transmissions occupy 20 MHz in the frequency domain. Therefore, NR-U DRS transmissions that are no more than 1 ms in duration and no more frequent than LAA DRS periodicity should also be able to utilize Cat-2 LBT without causing any coexistence issues. Based on Table 1, a 1-ms burst can accommodate L = 3, 6, and 14 complete SSBs for SCSs 15 kHz, 30 kHz, and 60 kHz, respectively.

Proposal 4: Cat-2 LBT is supported for NR-U DRS transmissions that are no more than 1 ms in duration and no more frequent than LAA DRS periodicity.

At the same time, DL bursts that occur outside of the DRS periodicity or measurement window should be able to include SI transmissions after performing Cat-4 LBT, the same as any unicast PDSCH.

Utilization of SSBs

In NR, UEs can be configured with specific RLM-RSs for the purpose of radio link monitoring. The RLM-RSs are located either in a DL BWP, or can be mapped to CSI-RS or SSBs. Instead of introducing additional DL transmissions for RLM, it is more efficient to use the SSBs which need to be transmitted any way for synchronization and cell acquisition. The transmission design for SSBs have been alluded to in Sec. 2.1. Therefore, SSBs are a natural candidate for RLM purposes in the DC and standalone cases.

Proposal 5:  Radio link monitoring based on SSBs is a preferred solution for NR-U.

Procedures for measurement configuration, triggering, and reporting in Rel-15 NR are fairly similar to those in LTE. The network may configure the UE to perform RSRP, RSRQ, and SINR measurements based on either SSB/PBCH or CSI-RS. Similar to the case of RLM, performing neighbor cell measurements based on SSB is a reasonable solution for the standalone case. Once measurements have been performed, reporting them to the network is essentially the same as an UL data transmission with the corresponding LBT requirements.

Proposal 6:  RRM measurements based on SSBs is a preferred solution for NR-U.


Summary
In this document we examined several aspects of SI transmission for NR-U:
Proposal 1: A unified framework for SSB/SI transmissions across all deployment scenarios (CA/DC/SA) is adopted for NR-U.
Proposal 2: Multiple SS Blocks can be transmitted contiguously in time in a single TXOP.
Proposal 3: SSBs can be FDM with PDCCH and RMSI as part of a DRS for sub-7 GHz NR-U.
Proposal 4: Cat-2 LBT is supported for NR-U DRS transmissions that are no more than 1 ms in duration and no more frequent than LAA DRS periodicity.
Proposal 5:  Radio link monitoring based on SSBs is a preferred solution for NR-U.
Proposal 6:  RRM measurements based on SSBs is a preferred solution for NR-U.
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