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In RAN1#93[1], the following agreements were made on the UL signals and channels for NR access in unlicensed spectrum:
Agreement:
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.
Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that block-interlaced based PUSCH can be beneficial. 
· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 
· The following aspects can be considered for interlace waveform based PUCCH design:
· Flexible number of OFDM symbols
· Flexible payload size
· User multiplexing
· Number of formats

Agreement:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

In this contribution, we further discuss the UL physical channel and signals for NR system operation in unlicensed spectrum. 

UL Physical Channels for NR-U Operation
The only UL physical channels in the NR system used for License Assisted Access (LAA) are the share channels, such as PUSCH.  In NR–based LAA in the unlicensed band, all UEs access UL controls through the linked licensed carrier. The carriers operating in unlicensed spectrum are used for data transmission in LAA.  Comparing to NR–based LAA in the unlicensed band, NR-based standalone access in unlicensed spectrum would require all functions to support initial access, mobility management, network access for both IDLE and CONNECT mode UEs and open interface security.   The access scheme in unlicensed spectrum is an opportunistic multiple access scheme, which the use of the spectrum for NR system access is opportunistic and to share with other systems and applications, such as WiFi. 
Several UL physical channels need to be enhanced in order to support NR system standalone operation in unlicensed spectrum is analyzed as follows.
RACH 
RACH is essential for the standalone unlicensed spectrum access. The derivation of RACH transmission timing is critical due to the unlicensed channel availability. In the NR system, the transmission time of RACH Messages and the associated control information is fixed.  When the transmission time of RACH Messages varies due to the constraint of unlicensed band access with LBT, the RACH preamble detection and response would face severe challenged.   
The RACH transmission in the unlicensed spectrum is subject to the requirements of occupied channel bandwidth (OCB) and power spectrum density (PSD) as follows, 
· OCB requirements:  The bandwidth containing 99% of the transmit power of the signal, shall be more than 80% of the nominal Channel Bandwidth
· The OCB in 60GHz bands shall be more than 70% of the nominal BW
· PSD requirements:
· For 5GHz spectrum ([5150, 5350]MHz): maximal Equivalent Isotropically Radiated Power (EIRP) is 23dBm and PSD shall not exceed 10dBm/MHz [5].
· For 60GHz spectrum: maximal EIRP is 40dBm and PSD shall not exceed 13dBm/MHz[6].
The support PRACH formats in 6.3.3.2-1 of TS 38.211 [3] would not be able to satisfy the OCB requirements for unlicensed spectrum with nominal BW of 20 MHz. Additional PRACH formats would be needed to satisfy the OCB requirements. How to enhance the RACH procedures for effective RACH access is critical for NR standalone operation in unlicensed spectrum. 
In RAN1#93, the following agreement was made for NR-U RACH operation:
	Agreement:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH




In NR-U, PRACH transmission should be supported for both stand-alone and dual connectivity scenarios (NR-U + LTE and NR-U + NR). In NR, both long (L = 839) and short (L = 139) preamble sequences are supported. The long preambles mainly target large cell deployments. Since for NR-U is expected to be deployed in relatively small cells, only short preambles are of interest for NR-U operations. 
NR supports PRACH preambles with long sequence length (L=839) and short sequence length (L=139). Long PRACH preamble sequence is supported in frequency range FR1 with the SCS of {1.25, 5}KHz. Long PRACH preambles are normally used for supporting larger cell size. Short PRACH preamble sequence is supported in both frequency ranges FR1 and FR2. In FR1, the supported SCSs are {15, 30}kHz. In FR2, the supported SCSs are {60, 120}kHz in FR2. Long PRACH preamble formats target mainly for large cell coverage, while short PRACH preamble formats for smaller cell coverage. Thus, for NR-U operation, we may be more interested in short PRACH preamble formats.
In RAN1#93, it was agreed that “It is identified that interlaced based PRACH can be beneficial”. The benefits of the interlaced based PRACH structure are manifold, such as allowing higher transmission power, increasing the OCB, supporting larger PRACH channel capacity etc. 
There can be different PRACH interlacing structures. In general, the interlacing design for NR-U PRACH should follow the general design principles, such as enough output power level, flexible resource allocation, adequate occupied channel bandwidth, etc. Many factors need to be taken into account, such as the number of interlace clusters, the number of interlaces in each cluster, as well as the number of PRBs per interlace.  Enough configuration flexibility should be considered for supporting various filed deployment scenarios. 
Proposal 1: NR-U PRACH design shall support flexible interlacing configuration.

PUCCH 
UE is also configured with UL periodic scheduling request (SR) resources for UL access request or semi-static UL resource with grant free transmission.  The BW of PUCCH resources would also be challenged to meet the OCB requirements if the PUCCH is transmitted alone in unlicensed spectrum.   In order to satisfy the OCB requirements, PUCCH format 2 is a short format and could be configured with a large number of PRBs.   PUCCH format 2 is a good candidate for the standalone access in the unlicensed spectrum.   When the resource might not be available for the transmission, it is essential to investigate the enhancement of the DL and UL control procedures for NR-based access standalone operating in unlicensed spectrum. 

SRS
The SRS configuration for the transmission in the unlicensed spectrum needs to meet the OCB and PSD requirements.  The transmission of SRS in unlicensed spectrum intends to support transmission from single UE at a time.  The transmission time of the SRS resource would be subject to the channel availability in unlicensed spectrum.  The configuration of SRS resource and resource mapping needs to be flexible enough in order for UE to transmit SRS in time when the unlicensed channel is clear.   The dynamic starting time of SRS transmission in the SRS configuration is critical for the transmission time in unlicensed spectrum.  Since the channel availability is not certain in unlicensed spectrum, periodic SRS would not function well.  The aperiodic SRS with DCI trigger is flexible to be operated in an unlicensed spectrum.  The triggering of aperiodic SRS and the timing of SRS transmission are important for gNB to detect the SRS correctly. 
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In this contribution, we discussed the UL physical channel aspect for NR-based operation in unlicensed bands.  The main aspects of the NR physical channel are the opportunistic transmission of UL physical channels and the occupied channel bandwidth for NR system standalone operations in unlicensed spectrum.  It is essential to have a more detailed study on the enhancement of UL physical channel design for the NR system operation in an unlicensed band.
Proposal 1: NR-U PRACH design shall support flexible interlacing configuration.
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