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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK2]At the RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. And in the WID, one of the objectives is to specify UL reference signal and physical layer channels design. 
In this contribution, we discuss potential UL physical layer channels and reference signals design for NR-U, including PUSCH, PUCCH, and SRS.
 Potential UL physical channels and reference signals design
 PUSCH
As NR support non-slot based scheduling, PUSCH can start from any symbol and the duration can be from 1 to 14 symbols. For NR-U, 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 for NR-U, 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 COT utilization efficiency. Besides, in order to reduce UL channel access delay due to LBT, multiple opportunities can be configured to UE. For example, multiple time and frequency domain PUSCH resources can be indicated to UE by PDCCH. Such as multiple slots/BWPs/subbands can be indicated to UE by PDCCH, and this scheme can be used both in initial PUSCH scheduling and retransmission PUSCH scheduling.
Proposal 1: Some enhancements to reduce channel access delay due to LBT should be studied for PUSCH transmission. 
· multiple slot scheduling scheme
· multiple time and frequency domain  PUSCH resources can be indicated to UE by PDCCH
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. 
For NR PUCCH format 0 and format 1, as only 1 or 2 bits UCI information is carried in the PUCCH occupying only 1 RB, it does not meet the OCB requirement for the unlicensed carrier. Once UE succeeds for LBT, it can send all UCI information including delayed HARQ-ACK bits with current ones 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 easily. For PUCCH format 3, it can also allocate up to 16 RBs, but these RB should be contiguous and this can 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, the following two methods can be considered.
Alt1: same coded UCI bits can be repeated over multiple clusters. 
Although this option only has small specification impact, but the PAPR or CM issue should be further 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 PUCCH format 4 can also be applied, and the two methods above 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 needed.
Proposal 2: 
· NR PUCCH format 2, 3 can be supported in 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
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995][bookmark: _GoBack]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, SRS transmission in the configured time resource needs to be subject to the results of the LBT. Thus, in order to reduce the impact of LBT failure on SRS transmission, it was agreed that introduce additional flexibility in configuring/triggering SRS compared to NR Rel-15. for example, additional OFDM symbol locations for an SRS resource within a slot except for the last 6 symbols can be considered to transmit SRS, e.g., first N symbols for SRS resource in a slot, where N is a positive integer larger than or equal to 1, preferably, N=1 or 2 as shown in Figure1.


Figure 1  Additional OFDM symbol locations for SRS resources
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 3: Additional OFDM symbol locations for an SRS resource within a slot except for the last 6 symbols can be considered, e.g., first N symbols for SRS resource in a slot especially for N =1 or 2.
 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 enhancements to reduce channel access delay due to LBT should be studied for PUSCH transmission. Such as:
· multiple slot scheduling scheme
· multiple time and frequency domain  PUSCH resources can be indicated to UE by PDCCH
Proposal 2:
· NR PUCCH format 2 can be used in NR-U easily, and should be supported for NR-U.
· NR PUCCH format 3 can also 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 3: Additional OFDM symbol locations for an SRS resource within a slot except that the last 6 symbols can be considered, e.g., first N symbols for SRS resource in a slot especially for N =1.
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