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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK16]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. 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 RAN #80 meeting, the following revision are made to the working band of NR-U in the revised SID [2]:
SID RP-181339:
· 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 below 7GHz(e.g., 5GHz, 6GHz)
· 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, 6GHz 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; 
In RAN1 #93 meeting [3], the following agreement have been reached for NR-U:
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.
· 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
· 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 RAN2 AH1807 meeting [4], the following agreement have been reached for NR-U PRACH procedure:
Agreement:
· Both CBRA and CFRA are supported on NR-U SpCell and CFRA is supported on NR-U SCells.
· At the first stage, RAR can be transmitted via SpCell
· Assume we Use a predefined HARQ process ID for RAR
In this contribution, we discuss potential UL physical layer channels and reference signals design for NR-U, including PRACH, PUSCH, PUCCH, and SRS for NR-U.
 Potential UL physical channels and reference signals design
 PRACH
Considering LBT requirement in unlicensed carrier, the 4-step PRACH procedure needs to succeed in at least four LBTs, and any LBT failure can lead to a significant random access delay and resource overhead. Therefore, some enhanced methods need to be considered for PRACH procedure in NR-U in order to decrease the expected random access delay caused by potential LBT failures. For instance, transmit some messages in NR carrier/different NR-U carriers/subbands/BWPs with operating bandwidths of an integer multiple of 20MHz, introduce multiple Msg1/2/3/4 transmission in a PRACH procedure. Alternatively, a higher priority LBT mechanism should be considered to quickly complete random access procedure, e.g., Cat-2 LBT. More details can be found in our companion contributions [5][6].
Proposal 1: Some enhanced methods should be considered for PRACH procedure as follows:
· Transmit some messages in NR carrier/different NR-U carriers/subbands/BWP.
· Multiple Msg1/2/3/4 transmission opportunities in a PRACH procedure.
· Higher priority LBT mechanism, 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. 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. For instance, assuming 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 as shown in Figure 2, larger subcarrier intervals of preamble, RE/RB based resource allocation, etc.
[image: ]
Figure 1. An example of preamble’s OCB not satisfying regulatory requirement



Figure 2. Frequency domain repetition of preamble
Proposal 2: 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.
 PUSCH
As NR support non-slot based scheduling, 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 be 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: _GoBack]Furthermore, 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. In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation, it can be directly reused to meet the regulatory requirement. The interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient. In last meeting, it has been agreed that both interlaced and legacy contiguous frequency allocation can be considered to meet occupied channel bandwidth requirement and further studies should be performed for UL DFT-OFDM waveform. As different sub-carrier spacings occupy different bandwith for one RB, interlace composition to support different total numbers of RBs and different sub-carrier spacings for UL should be considered if adopt the interlaced frequency allocation.
Proposal 3:  
· For PUSCH CP-OFDM waveform, the interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient. 
· For DFT-OFDM waveform, support different total numbers of RBs and different SCS for UL should be considered if adopting the interlaced frequency allocation.
PUCCH
UCI such as ACK/NACK, SR, and CSI can be transmitted in the PUCCH. In standalone or dual connectivity operation, the PUCCH transmission over unlicensed carrier should be supported. Currently in NR, both short-duration PUCCH and long-duration PUCCH are supported to cater to different requirements of UCI payload and cell coverage. For PUCCH, the frequency resource allocation is semi-statically configured per BWP and the UL active BWP can be viewed as the UE nominal channel bandwidth. Therefore, PUCCH should find a way to occupy 70% or 80% of the BWP bandwidth. In last meeting, it has been agreed that it is beneficial to use the same interlace structure for PUCCH and PUSCH. 
For NR PUCCH format 0 and format 1, as only 1 or 2 bits UCI information is carried and occupy only 1 RB, this may not well match the unlicensed carrier characteristic as once UE perform LBT success, as it can send all the UCI information or it to combine delayed HARQ-ACK bits with current ones. As such, NR-U UEs would be often reporting HARQ-ACK using codebooks larger than 2 bits to improve the transmission efficiency. For PUCCH format 2, as it adopts CP-OFDM waveform and it can allocate from 1 to 16 RBs, therefore, it can meet the OCB requirement more easily. For PUCCH format 3, it can also allocate up to 16 RBs, but these RB should be contiguous and this have an impact on user multiplexing. For PUCCH format 4, multi-cluster transmission should be considered to meet the OCB requirement. As PUCCH format 4 occupying only 1 RB, it should be discussed how to configure UCI payload in each cluster of the interlaced unit. For instance, two methods can be considered.
Alt1: same coded UCI bits can be repeated over multiple clusters. 
Although this can incur small specification impact, but the PAPR or CM should be considered.
Alt2: different coded UCI bits can be distributed over multiple clusters. 
If PUCCH format 0 or 1 is introduced for NR-U, multi-cluster transmission method such as format 4 given above can also be applied, and these two methods should be further evaluated. Besides, the sequence design is another important factor on PUCCH performance. Furthermore, if multi-cluster transmission or interlaced structure for PUCCH is used, then frequency hopping is not need.
Proposal 4: 
· NR PUCCH format 2 can be used in NR-U easily, and should be supported for NR-U.
· If PUCCH format 0, 1 and 4 is adopted for NR-U, necessary enhancements should be considered, such as interlaces allocation and sequence design for multiple RBs.
 SRS
Same as LTE, NR supports SRS-based frequency-selective scheduling and periodic/aperiodic SRS transmission. NR also supports SRS-based downlink beamforming and semi-persistent SRS transmission, which are not supported in LTE. In NR-U, the transmission time of the SRS resource would be subject to the results of the LBT. The configuration of SRS resource and resource mapping needs to be flexible enough in order to transmit SRS in time when the NR-U carrier is idle. Due to the uncertainty of channel availability, periodic SRS would not function well. The aperiodic SRS with DCI trigger is flexible to be operated in NR-U carrier. Wherein, the timing relation between aperiodic NR SRS trigger and aperiodic NR SRS transmission is different from LTE SRS and flexible enough. In addition, SRS transmission should also meet the 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 5: Rel-15 NR SRS can be used as a baseline and the problem of the SRS transmission chances should be considered due to LBT in the NR-U carrier.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992] 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: Some enhanced methods should be considered for PRACH procedure as follows:
· Transmit some messages in NR carrier/different NR-U carriers/subbands/BWP.
· Multiple Msg1/2/3/4 transmission opportunities in a PRACH procedure.
· Higher priority LBT mechanism, e.g., Cat-2 LBT.
Proposal 2: 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 3: 
· For PUSCH CP-OFDM waveform, the interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient. 
· For DFT-OFDM waveform, support different total numbers of RBs and different SCS for UL should be considered if adopting the interlaced frequency allocation.
Proposal 4:
· NR PUCCH format 2 can be used in NR-U easily, and should be supported for NR-U.
· If PUCCH format 0, 1 and 4 is adopted for NR-U, necessary enhancements should be considered, such as interlaces allocation and sequence design for multiple RBs.
Proposal 5: Rel-15 NR SRS can be used as a baseline and the problem of the SRS transmission chances should be considered due to LBT in the NR-U carrier.
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