3GPP TSG RAN WG1 Meeting #92bis

R1-1804581
Sanya, China, April 16th – 20th, 2018 

Agenda Item:
7.6.3
Source: 
LG Electronics

Title: 
Physical layer channel design for NR unlicensed operation
Document for:
Discussion and decision
1. Introduction

In RAN1#92 meeting [1], we made following agreements related to physical layer design and channel access procedure (CAP) for NR unlicensed (NR-U) operation.

	Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.


In this contribution, we discuss potential physical layer channel design for NR-U operation.
2. SS/PBCH block transmission
In NR, one SS/PBCH block is composed of consecutive 4 symbols and 20 PRBs and multiple SS/PBCH blocks have timing gap in between for DL control or UL control transmission. As shown in Figure 1, followings can be considered for SS/PBCH block design on unlicensed spectrum.

·  Frequency domain distribution for power boosting (considering maximum PSD is restricted per MHz)

·  Minimization of timing gap between SS/PBCH blocks

·  Cycled SS/PBCH block transmission: In Figure 1, when CAP for SS/PBCH block#0 fails and that for SS/PBCH block#1 succeeds, SS/PBCH block#0 is transmitted after SS/PBCH block#3.

Additionally, it may be necessary to newly design SS/PBCH block with 60 kHz SCS, e.g., considering (half-) slot boundary.
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Figure 1. Example of SS/PBCH block transmission for NR-U

Proposal #1: Based on NR design for SS/PBCH block, consider following enhanced SS/PBCH block transmission for NR-U operation.

·  Frequency domain distribution for power boosting
·  Minimization of timing gap between SS/PBCH blocks

·  Cycled SS/PBCH block transmission

·  SS/PBCH block design for 60 kHz SCS

3. Broadcast data transmission
NR supports three patterns for multiplexing between SS/PBCH block and RMSI CORESET. Among them, pattern 3 (i.e., FDM with the same numerology) should be the baseline. If pattern 1 (i.e., TDM) is allowed, it could be necessary to provide more chance to transmit RMSI CORESET against CAP failure. In addition, it may be considered to transmit PDSCH carrying RMSI without DCI to reduce channel occupancy time. It is worthwhile to note that similar approaches can be applicable to other broadcast data transmissions such as OSI and paging.

Proposal #2: Consider following methods for broadcast data transmission such as RMSI, OSI, and paging.

·  Provision of more (time domain) opportunities

·  FDMed transmission

·  DCI-less transmission

4. Random access preamble
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 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 power spectral density (PSD), it would be desirable to distribute preamble sequence in frequency domain, which can be beneficial with respect to maximally allowed transmit power. For instance, multi-cluster based mapping (including the possibility of variable cluster size/interval) or frequency domain repetition based mapping can be considered.

Proposal #3: 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
5. UL channel design
Considering regulations related to PSD and occupied channel bandwidth, UL channel (i.e., PUSCH/PUCCH) design can be based on multi-cluster transmission, similar to eLAA PUSCH. Since NR supports variable SCSs and BWP operation, cluster size and/or interval between clusters for UL channel can be configured or determined based on numerology and bandwidth. Especially for PUCCH, each cluster may carry same or different UL control indicator (UCI) or UCI can be configured with the combination of information conveyed by each cluster.
Proposal #4: Adopt multi-cluster transmission for NR-U PUSCH/PUCCH.
6. Conclusion
In this contribution, we provided our views on potential physical layer channel design for NR unlicensed operation, and proposals are as follows.
Proposal #1: Based on NR design for SS/PBCH block, consider following enhanced SS/PBCH block transmission for NR-U operation.

·  Frequency domain distribution for power boosting
·  Minimization of timing gap between SS/PBCH blocks

·  Cycled SS/PBCH block transmission

·  SS/PBCH block design for 60 kHz SCS

Proposal #2: Consider following methods for broadcast data transmission such as RMSI, OSI, and paging.

·  Provision of more (time domain) opportunities

·  FDMed transmission

·  DCI-less transmission

Proposal #3: 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 #4: Adopt multi-cluster transmission for NR-U PUSCH/PUCCH.
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