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Introduction
In RAN1 Meeting #96, the following agreement were achieved for UL signals and channels for NR-U:
Agreement:
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
· The following aspects are FFS:
· Support for small payloads (1 and 2 bits)
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3

Agreement:
Suppport configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15.
· FFS: which symbols locations.

Agreement:
Sub-PRB interlace design for PUSCH and PUCCH is not supported.

This contribution mainly discusses potential enhancements to UL signals and channels for NR-U, including PUCCH design, PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. 
PUCCH design
For PUCCH transmission, from frequency domain perspective, the interlace structure of each PUCCH resource should be defined within a subband of 20MHz, considering that LBT can be performed in unit of subband and multiple PUCCH transmission opportunities can be provided if the BWP for PUCCH transmission consists of multiple subbands. In addition, the power efficiency can be largely used within 20MHz. 
For large payloads, Rel-15 PUCCH formats PF2 and PF3 can be used with lower coding rate transmission on at least one full interlace for a 20 MHz carrier bandwidth. For small payloads, there were two options:
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
Alt-2 is slightly preferred and repetition of PF0 in frequency domain in unit of one PRB to fulfil one full interlace for a 20 MHz carrier bandwidth can be considered.
Proposal 1: Small payloads transmitted by repetition of PF0 in frequency domain in unit of one PRB to fulfil one full interlace should be considered.
From time domain perspective, multiple PUCCH resources are identified to be beneficial for HARQ-ACK feedback on unlicensed carrier to increase the PUCCH transmission opportunities. On the other hand, it was agreed that no-LBT can be used for gap of no more than 16us within a shared gNB COT. If no-LBT is used for one PUCCH transmission, there is no need to configure multiple PUCCH resources for this PUCCH. Therefore, multiple PUCCH resources should be configured based on the corresponding LBT type for PUCCH transmission. 
PUCCH resources for NR PUCCH formats 2 and 3 with configurable durations should be enhanced as discussed above. In addition, if multiple PUCCH resources are configured in time domain, those resources should be located as closely as possible to reduce the HARQ feedback delay, as shown in Figure 1. 


Figure 1 Multiple PUCCH resources in time domain
Proposal 2: Multiple PUCCH resources should be configured based on the corresponding LBT type.
· One PUCCH resource is configured for no-LBT case.
· Multiple PUCCH resources are configured closely in time domain.
PUSCH transmission 
For the case of 20MHz bandwidth, it was agreed that M = 10 interlaces with N = 10 or 11 PRBs / interlace for 15kHz SCS and M = 5 interlaces with N = 10 or 11 PRBs / interlace for 30kHz SCS. For 60kHz SCS, M = 2 interlaces with N = 12 PRBs / interlace is preferred to meet OCB requirement. 
For the detailed design of interlace structure within 20MHz, the available PRB number and the minimum guardband requirements for different SCSs for 20MHz transmission bandwidth defined in [2] should be considered, which are summarized in Table 1.
Table 1 Available NRB and minimum guardband for 20MHz
	SCS [kHz]
	NRB
	Minimum guardband [kHz]

	15
	106
	452.5

	30
	51
	805

	60
	24
	1330


Although the reserved guardbands for different SCSs are different according to Table 1, it is beneficial to have a common starting point as the starting point of interlace structure for different SCSs. Figure 2 gives examples of interlace structures for 15kHz, 30kHz and 60kHz SCSs. In Figure 1, the starting point of interlace #0 in frequency domain for different SCSs are aligned. 


Figure 2 Interlace structure design for PUCCH
For PUSCH resource allocation, the common starting point associated with SCS for each UL BWP should be taken as the starting point of the BWP and be indicated to UE. The PRBs allocated for PUSCH transmission should be determined according the common starting point. 
Proposal 3: The common starting point of the BWP should be indicated to UE for resource allocation. 
As discussed above, it is preferred to define a PUCCH resource within a subband, i.e., 20MHz. Since one interlace can across multiple subbands, multiple PUCCH resources and each resource for one subband can be configured within one PUSCH interlace to achieve better multiplexing between PUSCH and PUCCH transmission. 
Take 40MHz carrier, 30kHz SCS, and total 5 interlaces as example. Figure 3 give the examples of PUSCH and PUCCH multiplexing for carrier with bandwidth larger than 20MHz. How to make use of the PRBs for potential guardband should be considered if the partial wideband transmission based on LBT result for uplink is supported.


Figure 3 PUCCH and PUSCH multiplexing for wideband
Proposal 4: Multiplexing between PUSCH and PUCCH for a bandwidth larger than 20MHz should be considered.
Flexible PUSCH transmission 
In LAA-LTE, partial PUSCH transmission based on the result of the channel access procedure is supported. Although NR supports mini-slot based PUSCH transmission, the finer PUSCH scheduling requires more scheduling overheads especially for continuously scheduled PUSCH. Therefore, it is beneficial to support partial PUSCH transmission based on the LBT result for NR-U with multiple candidate starting positions within one PUSCH, as illustrated in Figure 4. How to determine the candidate PUSCH starting positions can be further discussed.
In addition, CBG-based transmission/retransmission can be considered for flexible PUSCH transmission since it was already supported in NR and it is beneficial to improve transmission efficiency. 


Figure 4 Partial PUSCH transmission based on LBT result
Proposal 5: Support partial PUSCH transmission based on the result of the channel access procedure.
· CBG-based transmission/retransmission can be considered for partial PUSCH.
SRS transmission 
Unlike LAA-LTE, block-interlaced SRS waveform could be supported in NR-U so that SRS transmission may be multiplexed with SR/PUCCH. Both periodical SRS and triggered SRS can be configured. If the periodical SRS occasion overlaps with the DL transmission in one COT, this occasion can be delayed after gNB finished the COT. 
Within a gNB-initiated COT, PUCCH can be transmitted immediately after a gap at the end of a DL burst to reduce HARQ feedback delay. If the gap is no more than 16us, no-LBT is needed. However, to support self-COT feedback, UE needs some processing time to demodulate the PDSCH received at the end of a DL burst, some padding signals are needed before PUCCH transmission. Triggered SRS can be one of these padding signals. Figure 5 illustrates this case.


Figure 5 SRS transmission at the front of PUCCH
Proposal 6: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.
· Support periodical and triggered SRS transmission.
Conclusions
This contribution mainly discusses potential enhancements to UL signals and channels for NR deployment on unlicensed spectrum, including PUCCH design, PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. The following proposals are made.
Proposal 1: Small payloads transmitted by repetition of PF0 in frequency domain in unit of one PRB to fulfil one full interlace should be considered.
Proposal 2: Multiple PUCCH resources should be configured based on the corresponding LBT type.
· One PUCCH resource is configured for no-LBT case.
· Multiple PUCCH resources are configured closely in time domain.
Proposal 3: The common starting point of the BWP should be indicated to UE for resource allocation. 
Proposal 4: Multiplexing between PUSCH and PUCCH for a bandwidth larger than 20MHz should be considered.
Proposal 5: Support partial PUSCH transmission based on the result of the channel access procedure.
· CBG-based transmission/retransmission can be considered for partial PUSCH.
Proposal 6: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.
· Support periodical and triggered SRS transmission.

References
1. R1-1901921, “UL signals and channels for NR-U”, OPPO.
1. 3GPP TS 38.104.

Microsoft_Visio___2.vsdx
20MHz
For 60kHz SCS
For 30kHz SCS
For 15kHz SCS
Interlace #0
Interlace #1
Interlace #3
Interlace #6



image3.emf
40MHz

PUSCH

PUCCH 

resource #1

PUCCH 

resource #2

20MHz 20MHz

Potential 

guardband


Microsoft_Visio___3.vsdx
40MHz
PUSCH
PUCCH resource #1
PUCCH resource #2
20MHz
20MHz
Potential guardband




image4.emf
Partial PUSCH 1 PUSCH 2

DMRS  Candidate PUSCH starting positions

...

PUSCH 1

...

PUSCH 2

...  Scheduled PUSCH

 Transmitted PUSCH


Microsoft_Visio___4.vsdx







Partial PUSCH 1














PUSCH 2

DMRS
Candidate PUSCH starting positions
...














PUSCH 1
...














PUSCH 2
...
Scheduled PUSCH
Transmitted PUSCH



image5.emf
PUCCH

COT

DL UL

G

S

R

S

time

D

C

I


Microsoft_Visio___5.vsdx
PUCCH
COT
DL
UL
G

SRS
time
DCI



image1.emf
time

...

PDSCH PUCCH resource

...

n n+1 n+2 n+4 n+3 n+5 n+6

#1 #2


Microsoft_Visio___1.vsdx
time
...
PDSCH
PUCCH resource
...

n
n+1
n+2
n+4
n+3
n+5
n+6
#1
#2



image2.emf
20MHz

For 60kHz SCS

For 30kHz SCS

For 15kHz SCS

Interlace #0 Interlace #1 Interlace #3 Interlace #6


