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1 Introduction
At the last RAN plenary meeting, RAN approved a work item description on NR-based access to unlicensed spectrum [1]. In this contribution, we present our views on aspects related to the design of UL signals and channels for NR-U.
2 Design of UL signals and channels for NR-U
At the last RAN1 meeting #95, the following was agreed:
	It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.


Generally, we don’t see a need to specify DFT-s-OFDM for NR operation in unlicensed bands. The benefits of DFT-s-OFDM are greatly reduced by the interlace design for NR-U required to meet the occupied channel bandwidth requirement. Moreover, it is not clear that coverage limitations necessitate specification of DFT-s-OFDM in NR-U. If anything, DFT-s-OFDM will complicate the specification and implementation of NR-U with no clear benefit. Hence, before specifying any enhancement for DFT-s-OFDM the benefits should be clearly demonstrated and as a baseline, use of DFT-s-OFDM in NR-U should be restricted.
Proposal 1: Before specifying any enhancement for DFT-s-OFDM the benefits should be clearly demonstrated and as a baseline, use of DFT-s-OFDM in NR-U should be restricted
During the study item, RAN1 also discussed SRS. The following is captured in the TR [2]: 
	It has been identified as beneficial for NR-U to introduce additional flexibility in configuring/triggering SRS compared to NR Rel-15. The following candidate enhancements have been discussed; design details can be further discussed when specifications are developed:

-
Additional OFDM symbol locations for an SRS resource within a slot other than the last 6 symbols

-
Interlaced waveform

-
Additional flexibility in frequency domain configuration


In our view, at least additional OFDM symbol locations should be specified for NR-U. Due to the requirement of Listen-Before-Talk in unlicensed bands, a flexible and configurable air interface is greatly beneficial, see for example our proposals in [3]. Data and control channels as well as signals including CSI-RS, DRS and SRS ideally can be transmitted on any symbol. Moreover, as discussed in [4], aperiodic signals are generally preferred in unlicensed bands. Allowing SRS transmissions on any OFDM symbol adds to this flexibility and caters to the flexible frame structure that arises from the clear channel assessment. 
However, just like in Rel. 15, a PUSCH transmission should always be continuous in time, i.e., SRS cannot be in the middle of an on-going PUSCH transmission.
Proposal 2: NR-U supports additional OFDM symbol locations for SRS
Lastly, in regard to PUSCH, the TR captures the following [2]:

	It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.

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 starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 

It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.

It is noted that above options are not mutually exclusive.


Option 1 is readily supported by Rel. 15. There is no reason not to support Option 1 in NR-U. 
Because the TBS as well as the ending position of the PUSCH are fixed as indicated by the grant, changing the starting position according to the LBT outcome changes the code rate. Rate matching may not be feasible given the processing time required at the UE unless the UE prepares several PUSCHs with different LBT hypotheses. Alternatively, puncturing can be used. In either alternative, the code rate may become too high for the gNB receiver to decode the PUSCH. 
In addition, the gNB receiver needs to detect the starting position blindly. Hence, the first symbol of the PUSCH transmission should contain DMRS allowing the gNB receiver to detect the presence of a PUSCH. Note that the ending position is indicated by the UL grant. 

Given the above the two options can actually be quite similar. Hence, it is proposed to use Option 1 as baseline whereas consideration of enhancements in line with Option 2 are not precluded. For example, a PUSCH could be mapped to multiple slots thereby alleviating the risk of the code rate being too high if LBT is successful towards the end of a slot. For example, new PUSCH lengths could be introduced beyond those specified in Release 15. Similar enhancements are also discussed in our companion contribution in [5].
Proposal 3: PUSCH(s) as in Rel-15 NR is the baseline for NR-U. Consideration of enhancements are not precluded and can be considered jointly with HARQ enhancements for NR-U
3 Conclusion

This contribution presented our views on aspects related to the design of UL signals and channels for NR-U. The following is proposed: 
Proposal 1: Before specifying any enhancement for DFT-s-OFDM the benefits should be clearly demonstrated and as a baseline, use of DFT-s-OFDM in NR-U should be restricted

Proposal 2: NR-U supports additional OFDM symbol locations for SRS
Proposal 3: PUSCH(s) as in Rel-15 NR is the baseline for NR-U. Consideration of enhancements are not precluded and can be considered jointly with HARQ enhancements for NR-U
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