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1 Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

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

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



























This contribution discusses the UL signal and channel design aspects, including PUSCH, PUCCH, PRACH and SRS. 
2 PUSCH
In order to operate NR in unlicensed spectrum, unlicensed spectrum regulations need to be satisfied, such as occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation in addition to LBT. 
According to [2], the OCB is the bandwidth containing 99% of the power of the signal, which shall be between 70% and 100% of the declared Nominal Channel Bandwidth in the 60 GHz unlicensed band, and between 80% and 100% of the declared Nominal Channel Bandwidth in the 5 GHz unlicensed band.
The PSD is the mean Equivalent Isotropically Radiated Power (EIRP) density in dBm per Megahertz that is limited by maximum PSD requirement for certain operation bands, e.g.10 dBm/MHz for 5150-5350 MHz [5]. At the same time, the maximum total transmission power is also specified. Therefore, the maximum transmission power is restricted by both PSD and total transmission power. 
Spreading the signals over the whole bandwidth can meet the regulation requirement. NR supports CP-OFDM for DL transmission and both DFT-based and CP-OFDM for PUSCH transmission. For CP-OFDM PUSCH, by delicate resource allocation type 0, the UL transmission can spread over the bandwidth with proper transmission power by gNB scheduling. For DFT-based PUSCH, only contiguous resource allocation is supported for licensed band. To compliant the rule on unlicensed band, gNB has to allocate the whole bandwidth for a UE. Apparently, the transmission efficiency is poor for UEs with a small amount of traffic requiring few PRBs and it forbids UE multiplexing in a FDM manner. The same issue was extensively discussed in Rel-14 eLAA, and finally the interlaced resource allocation is introduced. By dividing the system bandwidth into N clusters and assigning at least one PRB in each cluster for a PUSCH transmission, the occupied channel is 16.38 MHz out of 20MHz (~82%) and the maximum transmission power can be 20 dBm (10dBm+10log(10)). The same principle of interlaced resource allocation should be extended for NR-U design with necessary modification with NR-specific features. 
The total number of PRBs per bandwidth defined in NR is different from LTE. For example, 51 PRBs with 30 kHz subcarrier spacing for 20 MHz bandwidth and 107 PRBs with 60 kHz subcarrier spacing for 80 MHz bandwidth for FR1. Direct scaling from LTE 10 PRBs interlace of 20 MHz may either lead to unused PRBs at the edge, e.g., the 10th interlace ends at #50 PRB and let the last one PRB unused, or unequal size of each interlace, e.g., 1st interlace consists of 11 PRBs ending at #51 PRB while other 4 interlaces consists of 10 PRBs. One common design applicable to all combinations of subcarrier spacing and frequency band is desirable. Besides, with the introduction of UE-specific bandwidth part as well as LBT per bandwidth part discussed in [3], it is natural to determine the interlace allocation per active BWP, while it is also critical to carefully design the interlace to avoid partial blocking between UEs with different bandwidth. Furthermore, with the increase of subcarrier spacing, the transmission power efficiency would be degraded because the bandwidth of existing granularity of one PRB would exceed the PSD granularity of 1 MHz, e.g., one PRB occupies 1.44 MHz. Moreover, the multiplexing capacity would be degraded with the increase of subcarrier spacing, if the same transmission power is to be achieved, which is determined by the number of PRBs per interlace that  also in turn determines the number of interlaces within a given bandwidth. The impact needs further investigation and determines any necessary enhancement. 
Proposal 1: NR-U shall support the interlaced resource allocation at least for DFT-based PUSCH to meet the OCB requirement. The interlaced waveform in Rel-14 eLAA can be the starting point.
3 PUCCH
NR-U may support CA based aggregation with NR licensed band, dual-connectivity (DC) based operation with LTE licensed band as well as standalone (SA) operation of NR-U. At least for DC and SA operation mode, UCI transmission on unlicensed band would be required. Thus, PUCCH transmission on unlicensed band should be supported.  
NR phase 1 supports both short PUCCH (PUCCH format 0/2) and long PUCCH (PUCCH format 1/3/4). Considering the similar scenarios requiring different PUCCH format on licensed carriers, e.g., to support different UL coverage or to cope with different UCI payload, and also for NR-U specific scenarios, such as to utilize the remaining symbols or slots within gNB shared MCOT, all PUCCH formats should be supported. 
To meet the OCB and PSD requirement, the PUCCH resource should spread over the whole active BWP. For CP-OFDM based PUCCH format, simply scattering RBs over the active BWP by proper resource allocation may be sufficient. For DFT-based PUCCH format, similar interlaced waveform discussed should be studied. For the sake of efficient multiplexing between different UL channels, the common design for these UL channels would be desirable. With different bandwidth, the number of RBs per interlace may be different. For example, 10 or 11 RBs per interlace for 20MHz. Single interlace may not be sufficient to achieve the comparable UCI coding rate of as NR phase-1 with up to 16 PRBs. The maximum number of interlaces needs further study. Besides, since the interlace is spread over the whole active BWP, the frequency diversity gain provided by frequency hopping over different interlaces is neglectable. Thus, it seems no need to support frequency hopping for NR-U. 
To extend the existing PUCCH formats with one PRB over multiple RBs, NR-U also needs to study a new set of sequences for PUCCH format 0/1 and DMRS for PUCCH format 1/4. One approach is to repeat the length-12 NR CGS sequence over multiple RBs, the other approach is to rely one existing multiple-RB low-PAPR sequence, such as CAZAC sequence for PUCCH format 3. The sequence design should be based on the performance metrics including PAPR/CM, cross-correlation performance and implementation complexity. 
Proposal 2: NR-U shall study the interlaced waveform at least for DFT-based PUCCH format, including interlaces allocation and sequence design for multiple RBs.
4 PRACH
NR supports PRACH preambles with either long sequence length of L = 839 and subcarrier spacing (SCS) of 1.25 KHz or 5KHz in FR1; or short sequence length of L = 139 with SCS of 15 kHz or 30 kHz in FR1, and 60 kHz or 120 kHz in FR2. The long PRACH preamble formats target cells with very large coverage area, which are not very suitable for NR-U, since NR-U mainly targets cells with short coverage range. Therefore, NR-U can only focus on supporting the short PRACH preamble formats.
Proposal 3: NR-U shall support short PRACH preamble formats only.
The PRACH waveform for NR-U also needs enhancements to satisfy the OCB regulation, such that the PRACH occasions can span at least 80% or 70% of the nominal bandwidth in the 5 GHz and 60 GHz unlicensed band respectively. Similar to PUSCH/PUCCH, the NR-U PRACH transmission waveform can be constructed through the interlaced waveform in the frequency domain to meet the OCB regulation. In addition, the performance of the corresponding NR-U PRACH waveform design needs to be evaluated, such as the PRACH preamble detection and the PAPR performance.
Proposal 4: NR-U shall study the interlaced waveform for PRACH to meet the OCB requirement.
In addition, it has agreed in RAN1 #92bis [1] to study RACH design with 60 kHz SCS for sub-7 GHz NR-U. Supporting 60 kHz SCS for PRACH in sub-7 GHz NR-U can lead to a faster PRACH procedure, enable multiplexing of PRACH and PUSCH through interlaced structure with 60 kHz SCS, and good compatibility with 60 kHz SCS SS/PBCH block if it is supported for sub-7 GHz NR-U. However, since NR Rel-15 only supports 15 kHz and 30 kHz SCS for PRACH preamble in FR1, enhancements are needed to support 60 kHz PRACH SCS for sub-7 GHz NR. Specifically, the enhancements can include: (1) support the combination of PRACH with 60 kHz SCS and PUSCH with 60 kHz SCS for sub-7 GHz NR-U; (2) support the configuration of 60 kHz SCS through RRC layer besides the legacy 15 kHz SCS and 30 kHz SCS; (3) reinterpret each entry of the PRACH configuration table when PRACH SCS is 60 kHz; or add additional entries to the PRACH configuration table, such that the PRACH time-domain resource with 60 kHz SCS for sub-7 GHz NR-U can be determined. Details to these enhancements shall be further investigated.
Proposal 5: 60 kHz SCS for PRACH can be supported for a NR-U sub-7 GHz band wherein 60 kHz SCS of SS/PBCH block is supported, and further study the details of required enhancements for PRACH SCS configuration and PRACH configuration table.
5 SRS
NR phase-1 defines three types of SRS, i.e., periodic, semi-persistent and aperiodic SRS. The SRS transmission occasion is semi-statically determined for P-SRS and SP-SRS, while it is relatively dynamic for AP-SRS by semi-statically configuring the slot offset between the DCI triggering the SRS resource set and the SRS transmission occasion.
In NR-U, the UL/DL configuration on unlicensed band can be very dynamically changed according to the channel access result. The semi-statically determined SRS transmission occasion may fall into a DL slot/symbol, and gNB may not timely utilize the available resources to facilitate SRS transmission, e.g., at the end of DL burst. The efficiency of P-SRS and SP-SRS would be seriously degraded. In eLAA, periodic SRS is not supported. The necessity of P-SRS and SP-SRS on unlicensed band should be investigated with the consideration of all possible functionalities of SRS, e.g., for adaptive scheduling as well as DL beamforming/management. For AP-SRS, the SRS transmission occasion is more flexible, e.g., determined by the slot containing DCI triggering SRS and the offset as defined in NR phase 1, or can be determined by the slot in which UE also transmits a PUSCH or explicitly indicate by DCI as defined in eLAA. With either way, the SRS transmission occasion can dynamically change with the instant gNB accesses the channel. The detailed procedure for SRS transmission occasion can be further studied.         
In addition, more flexible RS transmission location may also need to be considered. In eLAA, SRS is placed in the last symbol of a subframe, and stand-alone AP-SRS is allowed only in DL ending partial subframe. In NR phase-1, SRS transmission can be over more than one symbol at the end of a slot, i.e., within the last 6 symbols of the slot. When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. On unlicensed band, the restriction of SRS location at the end of slot or after the PUSCH may not be desirable for efficient LBT. For example, if the duration of PUSCH is less than a slot and there is SRS occasion at the end of slot, there could be a gap between PUSCH and SRS transmitted by the same UE in which UE may lose the channel.  
SRS waveform should also meet OCB requirement. One approach is to follow the same way as eLAA, i.e., use the wideband SRS (over the active BWP) designed for license band. The other approach is to consider the interlaced waveform. Both approaches can be studied with the consideration of SRS detection performance, SRS multiplexing capacity, efficient multiplexing with other UL channels as well as implementation complexity.  
Proposal 6: NR-U shall study the time-domain behavior of SRS resource configuration (P/SP/AP-SRS) and SRS waveform.
6 Conclusions
The proposals made in this contribution are summarized below:
Proposal 1: NR-U shall support the interlaced resource allocation at least for DFT-based PUSCH to meet the OCB requirement. The interlaced waveform in Rel-14 eLAA can be the starting point.
Proposal 2: NR-U shall study the interlaced waveform at least for DFT-based PUCCH format, including interlaces allocation and sequence design for multiple RBs.
Proposal 3: NR-U shall support short PRACH preamble formats only.
Proposal 4: NR-U shall study the interlaced waveform for PRACH to meet the OCB requirement.
Proposal 5: 60 kHz SCS for PRACH can be supported for a NR-U sub-7 GHz band wherein 60 kHz SCS of SS/PBCH block is supported, and further study the details of required enhancements for PRACH SCS configuration and PRACH configuration table.
Proposal 6: NR-U shall study the time-domain behavior of SRS resource configuration (P/SP/AP-SRS) and SRS waveform.
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