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1. Introduction

In RAN#82 plenary meeting, NR-U WI was approved [1] and the following objectives are relevant to the physical layer design of initial access signals and channels for NR-U:
	· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.

· PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.


In this contribution, we discuss DRS and RACH designs for NR-U operation.
2. DRS design
2.1. SS/PBCH block numerology
In RAN1#94bis meeting, it was agreed that single SS/PBCH block numerology is assumed per band for PCells in unlicensed spectrum. As stated in Section 1, 60 kHz based SS/PBCH block is outside the scope of this NR-U WI. As a result, for sub-7 GHz band, 15 kHz or 30 kHz SCS can be considered for SS/PBCH block numerology for NR-U PCells. Larger sub-carrier spacing would be beneficial in that finer granularity for starting position candidates can lead to increased channel access probability. Therefore, 30 kHz SS/PBCH block numerology is preferred for NR-U PCells.
Proposal #1: 30 kHz based SS/PBCH block is assumed for PCells in unlicensed spectrum.
2.2. SS/PBCH block enhancement
Due to regulatory requirements on PSD and EIRP, transmission power for SS/PBCH block can be restricted in proportion to its transmission bandwidth. As for PSS, 3 dB power boosting allowed in Rel-15 NR cannot be applied for unlicensed spectrum. As for PBCH, even though soft combining across several SS/PBCH burst sets basically was assumed for licensed carrier, but SS/PBCH block dropping due to LBT failure can make UE implementation for soft combining complicated. Therefore, we need to analyze supportable cell size with above considerations and determine whether any enhancement for SS/PBCH block is necessary or not.
If modification for SS/PBCH block to enhance cell coverage for NR-U is needed, followings can be considered.
· Extension of the number of symbols per SS/PBCH block
· Multi-cluster transmission of SS/PBCH block in frequency domain

Proposal #2: Investigate whether any enhancement for SS/PBCH block is necessary or not, considering discontinuous transmission of SS/PBCH block due to LBT failure and regulatory requirements on PSD and EIRP.
2.3. Synchronization raster

The synchronization raster indicates the frequency positions of the SS/PBCH block that can be used by the UE for system acquisition. The following approaches can be considered for unlicensed band.

· Approach 1: As in Rel-15 NR (i.e., synchronization raster with the interval of 1.44 MHz, [2])

· Approach 2: Sparser than synchronization raster in Rel-15 NR (e.g., synchronization raster with the interval of 2.88 MHz)

· Approach 3: As in Rel-13 LTE LAA (i.e., Wi-Fi center frequency + {0, ±100, ±200} kHz, [3])
In addition, it can be taken into account how to indicate CORESET index 0 BW and no RMSI, considering that initial active DL BWP was agreed to be aligned with Wi-Fi channelization.
Proposal #3: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

3. PRACH preamble structure

In NR, two PRACH preamble formats (i.e., Format 1 and Format 2) are supported. Format 1 is length-839 sequence with 1.25 or 5 kHz subcarrier spacing and Format 2 is length-139 sequence with 15 or 30 kHz subcarrier spacing which is aligned with that of data transmission. Since Format 1 can usually support larger cell coverage and higher speed than Format 2, it would be necessary to decide which format(s) is/are allowed for NR-U frequency band, considering supportable cell coverage of NR-U. It should be noted that since both the bandwidth of Format 1 (with 5 kHz subcarrier spacing) and the bandwidth of Format 2 (with 15/30 kHz subcarrier spacing) are larger than 2 MHz, the regulatory requirement for the minimum bandwidth (e.g., 2 MHz) can be satisfied for both two formats. Nevertheless, due to the regulatory requirement on PSD (e.g., PSD limit per MHz), it would be beneficial to distribute preamble sequence in frequency domain in terms of maximally allowed transmit power. Therefore, considering PSD related requirement, following two options can be further considered for mapping of PRACH preamble in frequency domain.
(1) Option 1: Mapping of single PRACH sequence over RB(G)-interlace 
(2) Option 2: Repetition of multiple PRACH sequences in frequency domain

Specifically, in case of Option 1, a PRACH transmission format can be defined by mapping a single PRACH preamble sequence over a set of multiple non-consecutive RBs or RBGs (i.e., RB-interlace or RBG-interlace). In this case, considering difference between the PRACH sequence length and the total amount of REs belonging to the RB(G)-interlace, the number of REs per RB(G) used for PRACH sequence mapping could be uneven across RB(G)s. With this approach, it would be beneficial at least for the following two aspects: 1) relaxation of PSD limitation (per MHz) with distributed mapping in frequency domain, and 2) satisfying of OCB (Occupied Channel Bandwidth) requirement with interlaced resource structure. Note that the PSD gain obtained from distributed mapping in frequency may be able to guarantee reasonable performance in terms of timing synchronization accuracy. 

On the other hand, in case of Option 2, a PRACH transmission format can be defined by mapping multiple PRACH preamble sequences over a set of multiple non-consecutive RBGs (where each RBG consists of consecutive RBs) where each of PRACH sequences is mapped to each of RBGs. For example, assuming that one RBG consists of K consecutive RBs and one PRACH TX format consists of N PRACH sequences, each PRACH sequence is mapped to K consecutive RBs in a same RBG and total N non-consecutive RBGs (mapped with separate sequence) are used for a single PRACH transmission. With this approach, it would be beneficial in terms of relaxing PSD limitation (per MHz) with repeated mapping in frequency domain. Moreover, different PRACH sequence can be mapped across RBGs considering PAPR.

Proposal #4: Support the following structures for PRACH preamble sequence mapping in frequency domain for NR-U with consideration of relaxing PSD limitation (per MHz).

· Option 1: Mapping of single PRACH sequence over RB(G)-interlace

· Option 2: Repetition of multiple PRACH sequences in frequency domain 
Considering the above Option 1, the number of RBs per interlace and/or the interval between non-consecutive RB(G)s defined for PRACH in RACH slot could be different from those defined for PUSCH (or PUCCH) in normal slot without PRACH resource configuration. Thus, it may be necessary to consider how to support FDM multiplexing between interlaced PRACH and interlaced PUSCH (or PUCCH) in a same (RACH) slot. For supporting this multiplexing between interlaced PRACH and PUSCH/PUCCH in a same RACH slot, following two alternatives can be considered. 

(1) Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

(2) Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

In case of Alt 1, for example, assuming that length-139 PRACH sequence is mapped to an RB-interlace consisting of 12 RBs (with interval of 8 RBs) while RB-interlace consisting of 10 RBs (with interval of 10 RBs) is defined for PUSCH/PUCCH, the PRACH RB-interlace consisting of 12 RBs can used even for PUSCH/PUCCH in RACH slot. In case of Alt 2, for example, assuming that RB-interlace consisting of 10 RBs (with interval of 10 RBs) is defined for PUSCH/PUCCH as the above, length-139 PRACH sequence can be mapped over two (adjacent) PUSCH RB-interlaces (e.g. RBG-interlace with 2 RBs per RBG). In this case, some of REs in each RBG which may not be mapped with PRACH sequence could be used as guard subcarrier (e.g. for better interference suppression and/or receiver filtering). 
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(a) Alt 1 based on RB-interlace consisting of 12 RBs (with interval of 8 RBs)
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(b) Alt 2 based on RB-interlace consisting of 10 RBs (with interval of 10 RBs)

Figure 1: Examples of FDM multiplexing between PRACH and PUSCH/PUCCH in a same slot

Proposal #5: Support FDM multiplexing between PRACH and PUSCH/PUCCH in a same (RACH) slot in case of interlaced resource structure based on the following approaches. 

· Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

· Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

4. Conclusion
In this contribution, we provided our views on DRS and RACH designs for NR-U operation and proposals are as follows.
Proposal #1: 30 kHz based SS/PBCH block is assumed for PCells in unlicensed spectrum.
Proposal #2: Investigate whether any enhancement for SS/PBCH block is necessary or not, considering discontinuous transmission of SS/PBCH block due to LBT failure and regulatory requirements on PSD and EIRP.
Proposal #3: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

Proposal #4: Support the following structures for PRACH preamble sequence mapping in frequency domain for NR-U with consideration of relaxing PSD limitation (per MHz).

· Option 1: Mapping of single PRACH sequence over RB(G)-interlace

· Option 2: Repetition of multiple PRACH sequences in frequency domain 
Proposal #5: Support FDM multiplexing between PRACH and PUSCH/PUCCH in a same (RACH) slot in case of interlaced resource structure based on the following approaches. 

· Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

· Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH
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