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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15]The SID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 60GHz. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. In RAN1#92bis meeting, RAN1 listed some channels and reference signals to be studied for NR-U [2]. The details are as follows:
SID RP-170828:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
Agreement in RAN1#92bis:
· 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 potential UL physical layer channels and reference signals design, including PRACH, PUSCH, PUCCH, and SRS for NR-U. The views on NR-U DL signals/channels design refer to companion contribution [3].
 Potential UL physical channels and reference signals design
 PRACH
In LTE-LAA, PRACH procedure was not supported in the Scell on an unlicensed carrier. NR-U supports more deployment scenarios e.g., non-standalone scenario (CA or DC), standalone scenario. Thus PRACH should be considered in NR-U. 
In NR, two types of RA procedure are supported: CBRA (contention-based random access) and CFRA (contention-free random access). For NR-U SA scenario, CBRA-based initial access procedure through an unlicensed carrier is needed. Meanwhile, CFRA procedure is also useful for cases such as handover with low latency requirement. In addition, CFRA procedure can also be used to obtain timing advance alignment in CA and DC deployment scenario. Therefore, both CBRA and CFRA procedure should be supported in NR-U. 
Proposal 1: NR-U should support both CFRA and CBRA procedure to meet the requirement of flexible scenarios.
Considering LBT requirement in unlicensed carrier, the 4-step PRACH procedure needs to succeed in at least four LBTs before each message can be transmitted, and any LBT failure can lead to a significant random access delay and resource overhead. Therefore some enhancement for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH procedure.
Proposal 2: Some enhancements for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH.
In order to  reduce LBT overhead and  latency in unlicensed operation, some messages of PRACH procedure can be considered to be transmitted on different carriers  different subbands/BWPs with operating bandwidths of an integer multiple of 20MHz. Alternatively, simplified LBT mechanism, e.g., Cat-2 LBT should be considered.
Proposal 3: A simplified LBT mechanism for random access should be considered, e.g., Cat-2 LBT.
[bookmark: OLE_LINK7]Furthermore, the OCB (occupied channel bandwidth) regulation for RACH preamble also needs to be satisfied. In Rel-15, NR supports both long and short sequence RACH preambles. The length of long sequence is 839, while the length of short sequence is 139. Wherein, SCS supported for long sequence are 1.25 KHz and 5 KHz; SCS supported for short sequence are 15 KHz and 30 KHz for below 6 GHz and 60 KHz and 120 KHz for above 6 GHz. For instance, assumed 20MHz carrier bandwidth below 6GHz frequency band, the occupied bandwidth with 15 and 30 KHz SCS are 2.16MHz and 4.32MHz respectively, which obviously do not fulfil the ETSI OCB requirement as shown in Figure 1. Therefore, in order to meet the OCB requirement, some enhancement methods can be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
Proposal 4: In order to meet the OCB requirement for RACH preamble, some enhancements should be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.

[image: ]
Figure 1. An example of preamble’s OCB not satisfying regulatory requirement
 PUSCH/PUCCH
[bookmark: _GoBack]As NR support non-slot based scheduling and the PUSCH can start from any symbol and the duration can be from 1 to 14 symbols. RAN1 had also agreed NR-U supports both PDSCH/PUSCH mapping Type-A and Type-B. Therefore, the UE can transmit PUSCH from the nearest permitted symbol after a successful channel access, then the resource utilization can be improved. However, the start symbol is dynamically DCI indicated, this position may not well matched with the nearest symbol where UE LBT succeeds. Some further study can be performed for slot-aggregation transmission or multiple slot scheduling scheme similar to LAA can be considered to improve the MCOT utilization efficiency. 
[bookmark: OLE_LINK3]PUCCH/PUSCH transmission should meet the OCB requirement. For example, the signal occupied bandwidth shall be at least 80% (5GHz) or 70% (60GHz) of the declared nominal channel bandwidth according to the European standard. In eLAA, for PUSCH, interlaced-RB allocation has been adopted to meet the OCB requirement but the PUCCH transmission on unlicensed bands had not been specified. Currently in NR, both short-duration PUCCH and long-duration PUCCH are supported to cater to different requirements of UCI payload and cell coverage. Therefore, both interlaced PUCCH and interlaced PUSCH can be considered to meet occupied channel bandwidth requirement and further studies should be performed for UL DFT-OFDM waveform. Meanwhile, if NR-U adopts CP-OFDM for UL transmission, then RE level interlaced allocation can also be considered.
Proposal 5: Necessary enhancements for PUSCH/PUCCH resource allocation and data transmission should be considered for NR unlicensed band operation.
 SRS
Same as LTE, NR supports SRS-based frequency-selective scheduling and periodic/aperiodic SRS transmission. Besides, NR can also support SRS-based downlink beamforming and semi-persistent SRS transmission, which are not supported in LTE. The timing relation between aperiodic NR SRS trigger and aperiodic NR SRS transmission is different from LTE SRS and flexible enough. Considering OCB regulatory requirements, only wide-band and BWP/sub-band SRS could be supported in NR-U. In our opinion, BWP or sub-band can be considered as the nominal channel bandwidth for UEs in NR-U.
Proposal 6: Rel-15 NR SRS can be used as a baseline and OCB requirements should be considered when designing NR-U SRS. 
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996] Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U UL reference signal design and physical channel design, and have the following proposals: 
Proposal 1: NR-U should support both CFRA and CBRA procedure to meet the requirement of flexible scenarios.
Proposal 2: Some enhancement for PRACH procedure can be considered, e.g., simplified PRACH procedure such as 2-step PRACH procedure.
Proposal 3: A simplified LBT mechanism for random access should be considered, e.g., Cat-2 LBT.
Proposal 4: In order to meet the OCB requirement for RACH preamble, some enhancements should be considered, e.g., frequency domain repetition of preamble, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
Proposal 5: Necessary enhancements for PUSCH/PUCCH resource allocation and data transmission should be considered for NR unlicensed band operation.
Proposal 6: Rel-15 NR SRS can be used as a baseline and OCB requirements should be considered when designing NR-U SRS.
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