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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]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.  And in the RAN1 Ad-hoc meeting, the below agreements were reached on UL signals and channels design for NR-U.
Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH
Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported
In this contribution, we discuss potential UL physical layer channels and reference signals design for NR-U, including UL interlace, PUSCH, PUCCH, and SRS.
 Potential UL physical channels and reference signals design
[bookmark: _Toc535588807]UL Interlace Design


[bookmark: _Toc535588810]Sub-PRB interlacing for 60 kHz
To mitigate the limited scheduling flexibility and/or output power resulted by a PRB-block interlaced UL for 60 kHz SCS with e.g. a 20 MHz system BW, sub-PRB interlace design has been proposed which can benefit from power boost compared with RB based interlace. However, if the allocated resources for one UE is larger than one sub-PRB based interlace, the gain from power boost will be decreased. Therefore, it can only be used in the case of small resource allocation. Meanwhile, introducing a sub-PRB interlace design would have considerable impact on specification. For example, the reference signal, e.g., DMRS should be redesign and the channel estimation aspects should be considered. Besides, resource allocation method different from PRB interlace design should be specified. Therefore, for 60 kHz SCS sub-PRB based interlace should not be applied.
Proposal 1:  Due to the significant impact on NR specification and limited use cases, sub-PRB interlace design for 60 kHz SCS should not be supported in Rel-16. 
[bookmark: _Toc535588809]DFT-S-OFDM for interlaced transmissions
In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation. It can be directly reused to meet the regulatory requirement. For UL DFT-OFDM waveform, it can provide significant PAPR gains over OFDM which helps it achieve larger coverage than OFDM in power limited scenarios. There was some discussion on the need to support block interlaced structure with DFT-S-FDM as the PAPR gains are reduced due to the interlace structure. However, it should be further evaluated and since the specification impact is very minor, NR-U should continue to support DFT-S-FDM waveform even with the interlaced structure. 
Proposal 2: Both CP-OFDM and DFT-S-OFDM should be supported for interlaced PUSCH and PUCCH transmission.
 PUSCH
[bookmark: _Toc535588813]First PUSCH(s) in UL transmission burst
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
· Option 1: PUSCH(s) as in Rel-15 NR
· Option 2: Multiple candidate starting positions in one or multiple slot(s) are allowed for PUSCH scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be chosen depending on LBT outcome. 
Option 1 already supports certain level of flexible UL starting position within one slot. However, this option may result in more signaling overhead and HARQ processes as each min-slot PUSCH scheduling need each DCI as current specification. Besides, breaking a slot-based PUSCH into multiple mini-slot-based PUSCHs leads to underutilized resources because there will be more DMRS resources for these mini-slot-based PUSCHs.
Option 2 could solve this issue by using multi-TTI scheduling and/or multiple candidate starting positions in one or multiple slot(s) are allowed for PUSCH in one DCI, and UE can decide the transmission starting point based on CCA result. As show in figure 1 (a), one DCI can scheduling five PUSCHs, and each PUSCH starting position can be one candidate starting point and once the UE perform CCA success it can transmit the remaining scheduled PUSCH continuously. Besides, multiple candidate symbols in one PUSCH can be configured or indicated as illustrated in figure 1(b) which can also be considered. Compared with option 1, the DCI overhead is relative small. 



Figure 1:  An example for multiple candidate starting positions in one or multiple slot(s)

Proposal 3: Multiple PUSCH starting positions in a single UL grant can be supported. 
[bookmark: _Toc535588814]PUSCH resource allocation 
As NR supports 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 before the knowledge of LBT outcome. This position may not match well the nearest symbol where UE LBT succeeds. Some further study can be performed for slot-aggregation transmission or multi-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/sub-bands can be indicated to UE by PDCCH, and this scheme can be used both in initial PUSCH scheduling and retransmission PUSCH scheduling.
Proposal 4: 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, it should be satisfied that PUCCH occupies 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 the UCI information including both the delayed HARQ-ACK bits and the 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 be allocated with a number of PRBs, ranging from 1 to 16.Therefore, it can meet the OCB requirement easily. For PUCCH format 3, up to 16 RBs can be allocated, 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.
· Alt.1: same coded UCI bits are repeated over multiple clusters. 
Although this option only has small specification impact, the PAPR or CM issue should be further studied
· Alt.2: different coded UCI bits are 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, frequency hopping is no longer needed.
Proposal 5: 
· 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-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995]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 to 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 6: 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:  due to the significant impact on NR specification, sub-PRB interlace design for 60kHz SCS should not be supported. 
Proposal 2: Both CP-OFDM and DFT-S-OFDM should be supported for interlaced PUSCH and PUCCH transmission.
Proposal 3: Multiple PUSCH starting positions in a single UL grant can be supported. 
Proposal 4:  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 5:
· 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 6: 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=1or 2.
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