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Introduction
LTE based unlicensed operations, i.e. LAA/eLAA, were introduced starting from Rel-13. As NR phase 1 specification was recently frozen, and phase 2 Rel-15 specifications expected to be completed by June 2018, it is beneficial to study the potential leverage of new NR designs to enhance the NR-based unlicensed access. 

A Rel-15 study item on NR-based unlicensed access has been approved to study the solutions applicable to potential spectrum candidates both below and above 6Ghz, as well as various deployment scenarios, including CA or DC based LAA and standalone based unlicensed operations.   

Specifically, the study item will include the following objectives [1]: 

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

In RAN1 #92bis, it was further agreed that [2]:
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

In this contribution, we briefly discuss potential challenges and solutions to channel design for initial access in unlicensed spectrum access. In a companion paper [4], we also briefly discuss other potential enhancements to physical layer procedures for unlicensed access, including LBT enhancements.
PRACH Waveform
NR PRACH preamble formats inherit similar design as LTE. The preambles are based on ZC sequence with constant envelope property to maximize PA efficiency and coverage. It consists of two categories: the long sequence formats with 839 tones and short sequence formats with 139 tones, respectively, as shown in Figure 3‑1.
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[bookmark: _Ref510714710]Figure 3‑1 NR PRACH preamble formats
Each category also supports different sets of numerologies, leading to different BW, transmission length and coverage.
   
PRACH support is also critical for unlicensed spectrum access, including derivation of uplink timing or for stand-alone deployment. However, direct application of existing NR PRACH formats to unlicensed spectrum is not straightforward, due to certain regulation requirements. Specifically, the transmission in the unlicensed spectrum is subject to the following requirements on occupied channel bandwidth (COB) and power spectrum density (PSD) [2][3]
· COB requirements:
· The bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB)
· The OCB in 60GHz bands shall be more than 70% of the NCB
· PSD requirements:
· For 5GHz spectrum: maximal EIRP is 23dBm and PSD shall not exceed 10dBm/MHz.
· For 60GHz spectrum: maximal EIRP is 40dBm and PSD shall not exceed 13dBm/MHz.

As shown in Figure 3‑1, the maximal PRACH pre-amble bandwidth using a long sequence format is . When using short sequence format, the maximal pre-amble bandwidth is also , assuming up to 60kHz numerology is adopted for PRACH preamble in sub-6GHz spectrum. 

We notice that in either case, the PRACH preamble will not satisfy the OCB requirements above, given the channel allocation is in unit of 20Mhz for the 5GHz unlicensed spectrum. Further, due to the PSD requirements, the maximal transmit power is also limited. For example, with 4.2mHz BW using the long sequence format, the maximal transmit power is limited to ~16dBm for 5GHz spectrum. This is much lower than the 23dBm allowed by the regulation and imposes unnecessary constraint on the UL coverage. Therefore, the PRACH preamble waveform needs to be modified for the unlicensed spectrum in order to meet the regulation requirements and allow the UE to reach the corresponding maximum transmit power. 

It should be emphasized that a desirable solution should introduce minimal changes to the existing design for licensed spectrum and should also keep the benefits of the existing PRACH preamble waveform as much as possible (e.g. the inherent constant envelope property from the ZC sequence).

One solution is to keep the existing PRACH preamble design, but simply apply “tone-interlacing” by factor , to expand the PRACH preamble BW such that both COB requirements and target transmit power are met. Figure 3‑2 illustrates an example with , where PRACH preamble tones are mapped to 1 out every 3 subcarriers. 
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[bookmark: _Ref510774483]Figure 3‑2 PRACH preamble with tone interlacing

By using the tone interlacing, the PRACH preamble BW can be flexibly configured by the network, through factor , based on deployment as well as the regulation requirement. In addition, the tone-interlacing still preserves the time-domain characteristics of the original PRACH waveform, which allows maximal PA efficiency. Different “comb” of the interlace can be treated as different PRACH preamble groups, and preambles within each group could still be separated through cyclic shifts, subject to delay spread constraints.

Proposal 1: PRACH preamble design for NR unlicensed should be based on existing design with minimal changes to meet the regulation and maximal transmit power requirements.

Proposal 2: For NR unlicensed, adopt tone-interlacing on top of the existing NR PRACH preamble design.
Synchronization Signals 
NR provides a unified synchronization design frame work for FR1 and FR2, with band dependent synchronization signal blocks (SSB) configuration. Depending on the frequency band, the network will need to send multiple SSBs within a SSB burst of 5ms window. The SSB indices provide important information on system timing, as well as beam indication.

On the other hand, SSB transmission is subject to LBT requirement from regulations, which indicates possibility that not all SSB can be sent out at the pre-specified locations within the 5ms window. The larger the number of SSBs to be supported, the higher the probability not all of them can be transmitted.

One way to reduce the LBT overhead and increase the chance of sending out different SSBs is to stack a group of multiple beams/SSBs in frequency domain and transmit them together once the channel is detected as available during one of the pre-specified SSB opportunities corresponding to the group of SSBs, as shown in Figure 4‑1.
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[bookmark: _Ref510792193]Figure 4‑1 Frequency domain multiplexing of different beams
Figure 4‑1 shows an example where  beams are grouped together, which can be sent at the same time in frequency domain (assuming that gNB has the capability of support  different beams simultaneously). SSB indices still carriers the timing information, similar as in licensed spectrum, but not beam indication within the group. Alternatively, the beam information within the group will be carried by the raster points of SSB that the UE can detect, and feedback of the beam information can still be indicated to the network by the corresponding RACH resource. This way, network only need to have channel availability for 1 out of  SSB locations to beam sweep  different beam directions, and the blocking probability or LBT overhead for SSB beam sweep can be reduced.

Proposal 3: NRU to support frequency domain multiplexing of multiple SSBs with different beam directions.

Conclusions
In this contribution, we briefly discuss a few existing Rel-15 NR features that could be leveraged for NR based unlicensed access. We have the following observation and proposals:
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Proposal 1: PRACH preamble design for NR unlicensed should be based on existing design with minimal changes to meet the regulation and maximal transmit power requirements.

Proposal 2: For NR unlicensed, adopt tone-interlacing on top of the existing NR PRACH preamble design.

Proposal 3: NRU to support frequency domain multiplexing of multiple SSBs with different beam directions.
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