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1. Introduction
At the RAN#82 meeting, the new WI on NR-based access to unlicensed spectrum (NR-U) was approved [1]. The objectives of the WI include following RAN1 works regarding physical layer aspects.
	-	Physical layer aspects including [RAN1]:
-	Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).
-	NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-	Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).
-	Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
-	NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
-	PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation. RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
-	For DL data channel, support of multiple PDSCH starting positions.
[bookmark: _Hlk532422148]-	Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 



In this contribution, we discuss on the UL signals and channels for NR-U, including PUCCH/PUSCH design and PUSCH transmission at the beginning of UL transmission burst. 
2. PUCCH design enhancement for NR-U
During the NR-U SI, PUCCH design enhancement had been discussed and following is captured in the TR38.889 [2].
	Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH. 
It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). Regardless of which format(s) is(are) chosen as a starting point for enhancement, the following common aspects have been identified as important to consider in the detailed design of the enhanced PUCCH format(s) when specifications are developed:
-	Flexible number of OFDM symbols
-	Short duration, e.g., 1 or 2 OFDM symbols
-	Long duration, e.g., 4 – 14 OFDM symbols
-	Flexible UCI payload
-	Small payload, e.g., 1 or 2 bit
-	Larger payloads, e.g., > 2 bits
-	Coding of UCI payload, e.g.,
-	Extend legacy (NR Rel-15) PUCCH encoder to handle small payloads
-	Repetition of coded UCI bits across PRBs of an interlace
-	UCI Codebits over all PRBs, i.e. no repetition coding.
-	Number of supported PUCCH formats
-	Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
-	OCCs
-	Cyclic shifts
-	FDM within an interlace
-	Multiplexing method of UCI payload and DMRS, e.g,
-	TDM 
-	FDM
-	Mechanism to control PAPR, e.g.,
-	OCC cycling
-	Bit level processing
-	PRB level processing
-	Sequence hopping
-	PUCCH waveform, e.g.,
-	CP-OFDM
-	DFT-s-OFDM
-	Performance, e.g.,
-	Required SNR to achieve a target BLER
-	Required SNR to achieve target ACK to NACK rate, NACK to ACK rate and DTX to ACK rate
-	Coverage considering CM/PAPR



As in the TR description, NR SI does not achieve a consensus on which format(s) is/are enhanced and supported for NR-U. Some companies suggested introducing just one or two new enhanced PUCCH formats, while other companies suggested enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). 
In Rel-15 NR higher layer specifications, selection method of PUCCH format to be used is specified for each procedure [3]. Therefore, in terms of specification impact including higher layer specifications, it seems better to enhance all legacy PUCCH format. If all PUCCH formats with enhancement are supported in NR-U, just simple translation, e.g., from PUCCH format 0,1,2,3,4 to ePUCCH format 0,1,2,3,4 for NR-U operation, would be needed in specifications, i.e., selection method of PUCCH format in NR can be completely reused. 
PF0/1/4 that support only single PRB based transmission in Rel-15 can be enhanced with repetition in frequency domain and interlace mapping.
Proposal 1: Enhancement of all NR-PUCCH formats (PF0/1/2/3/4) should be supported to avoid specification impact on PUCCH format selection mechanism.
       - Repetition in frequency domain could be used to enhance PF0/1/4


3. PUSCH interlace design for wideband
During the NR-U SI, the PUSCH interlace design for wideband had been discussed and following is captured in the TR38.889 [2].
	For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).



As mentioned in the TR, there are 2 alternatives of PUSCH interlace design for wideband transmission. Alt-1 seems good in case wideband PUSCH is transmitted only when the whole bandwidth of activated BWP is available according to LBT result. On the other hand, Alt-2 seems suitable for the case where only a part of activated BWP (i.e., one or multiple sub-band(s)) can be used according to LBT outcome. As we mentioned in [4], we think it should be supported that PUSCH transmission using a part of activated BWP to use available frequency resources efficiently at almost same level of Wi-Fi systems. Therefore, Alt-2 should be supported.
Proposal 2: Interlacing defined on a sub-band (20 MHz) basis is supported for PUSCH interlace design for wideband.


4. PUSCH transmission at the beginning of COT
During the NR-U SI, the PUSCH transmission at the beginning of COT had been discussed and following is captured in the TR38.889 [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.



As we proposed in [5], multi-TTI scheduling for PUSCH should be supported as in LTE-LAA to facilitate efficient scheduling of PUSCH in UE-initiated COT. This enhancement is aligned with option 2 enhancement in this topic. The multi-TTI scheduling grant can provide multiple PUSCH starting positions in multiple slots or potentially in multiple mini-slots. Necessity on finer starting position granularity needs further study.
Proposal 3: Providing multiple PUSCH starting positions in a single UL grant is supported so that UE can decide one of them as actual PUSCH starting position according to LBT outcome.
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5. Conclusion
In this contribution, we discussed on the UL signals and channels for NR-U, including PUCCH/PUSCH design and PUSCH transmission at the beginning of UL transmission burst. Based on the discussion, we made following proposals.
Proposal 1: Enhancement of all NR-PUCCH formats (PF0/1/2/3/4) should be supported to avoid specification impact on PUCCH format selection mechanism.
       - Repetition in frequency domain could be used to enhance PF0/1/4
Proposal 2: Interlacing defined on a sub-band (20 MHz) basis is supported for PUSCH interlace design for wideband.
Proposal 3: Providing multiple PUSCH starting positions in a single UL grant is supported so that UE can decide one of them as actual PUSCH starting position according to LBT outcome.
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