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1. Introduction

In RAN1#92bis meeting [1], we made following agreements related to physical layer design of DL/UL signals and channels for NR unlicensed (NR-U) operation.

	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 discuss physical layer design of PUSCH, PRACH, and PUCCH for NR-U operation.
2. PUSCH
Considering regulations related to power spectral density (PSD) and occupied channel bandwidth, PUSCH design for NR-U can be based on multi-cluster transmission, similar to eLAA PUSCH. Since NR supports variable sub-carrier spacing (SCS) and BWP operation, cluster size and/or interval between clusters for UL channel can be configured or determined based on numerology and bandwidth. The operating BW with M RBs is composed of N interlaces and each interlace is the group of multiple clusters where basic cluster size is X RB (typically, X=1 RB), cluster interval is Y RBs (Y=N if X=1), and the minimum or maximum number of RBs in an interlace is K RBs, as shown in Figure 1. For the variable values for M, following methods can be considered for interlace configuration.
· Method 1: For the minimum 10 RBs in an interlace (K=10), N is set to Floor{M/K} and each RB out of (M – N*K) RBs is allocated in different interlaces, e.g., for operating BW with 106 RBs (M=106) and K=10, there are 10 interlaces (N=10) where 6 interlaces have 11 RBs and 4 interlaces have 10 RBs.
· Method 2: For the maximum 10 RBs in an interlace (K=10), N is set to Ceiling{M/K}, each RB out of (N*K – M) RBs is subtracted from different interlaces, e.g., for operating BW with 106 RBs (M=106) and K=10, there are 11 interlaces (N=11) where 7 interlaces have 10 RBs and 4 interlaces have 9 RBs.
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Figure 1. Example of an interlace composition
In addition, we need to study the interlace design depending on SCS. In detail, cluster size (X RBs) and/or cluster interval (Y RBs) can be determined in proportional to the ratio of a SCS for PUSCH and reference SCS (e.g., 15 kHz). For example, as shown in Figure 2, cluster interval for 30 kHz can be half of that for 15 kHz with cluster size maintained.
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Figure 2. Example of an interlace composition depending on SCS
Proposal #1: Adopt multi-cluster transmission for PUSCH and study the method for interlace composition to support different total numbers of RBs and different sub-carrier spacings for UL.
3. PRACH
In NR, two PRACH preamble formats are supported. Format 1 is length-839 sequence with 1.25 or 5 kHz SCS (for sub-6 GHz) and Format 2 is length-139 sequence with SCS (i.e., 15/30 kHz SCS for sub-6 GHz and 60/120 kHz SCS for above 6 GHz) aligned to data. Therefore, for random access preamble design, we need to firstly discuss format/numerology per frequency band (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz) since it was agreed that this SI is not limited to a particular unlicensed band at least from RAN1 perspective.

Since Format 1 can normally support larger cell coverage and higher speed than Format 2, it would be necessary to further discuss which format(s) is/are allowed for sub-7 GHz, considering supportable cell coverage of NR-U. In addition, especially for Format 2 on sub-7 GHz, we may need to consider introducing 60 kHz SCS Format 2 to align with data numerology if 60 kHz SCS is applied for data transmission over sub-7 GHz.

In addition to preamble format/numerology, we need to discuss waveform for random access preamble. According to regulatory requirements on occupied bandwidth and PSD, it would be desirable to distribute preamble sequence in frequency domain, which can be beneficial with respect to maximally allowed transmit power. In detail, multi-cluster based mapping (including the possibility of variable cluster size/interval as described in Section 2) or frequency domain repetition based mapping can be considered. In Figure 3, we depicted PRACH preamble (based on length-120 ZC sequence) in frequency and time domain with respect to sub-carrier mapping techniques such as localized FDMA (LFDMA), interleaved FDMA (IFDMA), and block-interleaved FDMA (B-IFDMA) assuming 10-tone interlacing for IFDMA and X=1, Y=10 for B-IFDMA. For IFDMA, we can observe multiple equidistance peaks, which leads to decrease of maximum cell coverage. On the other hand, for B-IFDMA, enlarged main lobe will degrade TA estimation accuracy performance. Therefore, we need to study and compare various waveforms (e.g., frequency domain repetition, IFDMA, B-IFDMA, combination of IFDMA and B-IFDMA, etc.) in the aspects of multiplexing capacity, TA accuracy, PAPR, and multiplexing with other UL channels.
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Figure 3. PRACH preamble with respect to sub-carrier mapping techniques: (a) in frequency domain and (b) in time domain

Proposal #2: For random access preamble design, followings should be considered.

·  Which format/SCS is supported for each frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz)
·  Preamble waveform with frequency domain distribution
4. PUCCH
Similar to design of PUSCH, multi-cluster based transmission can be adopted also for PUCCH. In NR, PUCCH formats 0 and 1 carry 1 or 2 UL control indicator (UCI) bits and occupy 1 PRB. If PUCCH format 0 or 1 is introduced for NR-U with multi-cluster transmission, it should be discussed how to configure UCI payload in each cluster. For instance, same coded UCI bits can be repeated over multiple clusters or different coded UCI bits can be distributed over multiple clusters. In addition, PAPR aspects can be considered e.g., by applying different cyclic shifts for each of multiple clusters belonging to a same PUCCH.
Proposal #3: Study multi-cluster based PUCCH transmission for NR-U, considering UCI payload/coded-bits mapping and PAPR reduction.
5. Conclusion
In this contribution, we provided our views on physical layer channel design of PUSCH, PRACH, and PUCCH for NR unlicensed operation, and proposals are as follows.
Proposal #1: Adopt multi-cluster transmission for PUSCH and study the method for interlace composition to support different total numbers of RBs and different sub-carrier spacings for UL.

Proposal #2: For random access preamble design, followings should be considered.

·  Which format/SCS is supported for each frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz)
·  Preamble waveform with frequency domain distribution

Proposal #3: Study multi-cluster based PUCCH transmission for NR-U, considering UCI payload/coded-bits mapping and PAPR reduction.
6. Reference
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