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1. Introduction

The new WID on NR-based Access to Unlicensed Spectrum was agreed in RANP meeting #82 [1], detailed objectives of this work item regarding UL signals and channels including:

-
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.

This contribution mainly discusses potential enhancements to UL signals and channels for NR deployment on unlicensed spectrum, including block interlaced PUCCH design, block interlaced PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. 

2. Block-interlaced PUCCH
Interlace structure could be considered as a baseline for UL channel and RS transmission to meet OCB requirement and to achieve power efficiency. 
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 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


Supporting a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) is identified to be beneficial in RAN1#94 meeting. Supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is also identified to be beneficial from a spectrum utilization point of view. 
Although the reserved guardbands for different SCSs are different according to Table 1, it is beneficial to have a common starting points as the starting point of interlace structure for different SCSs. And the frequency distance between any two neighbor PRBs within one interlace should be kept equal. Figure 1 gives examples of interlace structures for 15 kHz, 30 kHz and 60 kHz SCSs. In Figure 1, total 8 interlaces with 13 or 14 PRBs per interlace for 15 kHz SCS, total 4 interlaces with 12 or 13 PRBs per interlace for 30 kHz SCS, and total 2 interlaces with 12 PRBs per interlace for 60 kHz SCS are considered.
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Figure 1 Interlace structure design for PUCCH
It is beneficial to support 60kHz SCS for PUCCH in order to operate all UL signal/channels (except PRACH) with the same numerology for an unlicensed carrier. For PUCCH with 60kHz SCS, sub-PRB based resource allocation is beneficial for PUCCH demodulation performance improvement with given PSD constraint and should be supported to enhance uplink coverage.
From time domain perspective, multiple PUCCH resources are identified to be beneficial for HARQ-ACK feedback on unlicensed carrier to increase the PUCCH transmission probability. 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. This issue is also discussed in our companion contribution [3]. 

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 2. 

[image: image2.emf]time

...

PDSCH PUCCH resource

...

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

#1 #2


Figure 2 Multiple PUCCH resources in time domain

Proposal 1: NR PUCCH formats 2 and 3 should be enhanced.
· Define interlace structure within 20MHz for each PUCCH resource. 

· Support a common starting point as the starting point of interlace structure for different SCSs.
· Support sub-PRB based PUCCH resource allocation for 60kHz SCS.

· 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.

3. Block-interlaced PUSCH
PUSCH can be transmitted within a BWP larger than 20MHz to support high data rate in unlicensed carrier. From frequency domain perspective, if the transmission bandwidth is 20MHz, interlace allocation for PUSCH can be the same as block-interlaced PUCCH. For carriers with bandwidth larger than 20 MHz, two alternatives of block-interlaced structure have been identified in SI phase:
· 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).

Either Alt-1 or Alt-2 can be considered for block-interlaced PUSCH design. Alt-1 with equal interlace spacing may have better CM performance than Alt-2 for PUSCH transmission, which is slightly preferred.
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, 30 kHz SCS, and total 4 interlaces as example. Figure 3 and Figure 4 give the examples of PUSCH and PUCCH multiplexing for Alt-1 and Alt-2 respectively. No matter for Alt-1 or Alt-2, 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.
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Figure 3 PUCCH and PUSCH multiplexing for Alt-1
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Figure 4 PUCCH and PUSCH multiplexing for Alt-2
It is beneficial to support 60kHz SCS for PUSCH to achieve finer channel access granularity. Similar as PUCCH transmission, sub-PRB based resource allocation is beneficial for link budget limited cases with given PSD constraint and should be supported for PUSCH transmission to improve power efficiency.
Proposal 2: Block-interlaced PUSCH should be supported.
· Either Alt-1 or Alt-2 identified in SI phase can be considered for block-interlaced PUSCH design. 

· Support sub-PRB based PUSCH resource allocation for 60kHz SCS.
4. 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 5. 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. 
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Figure 5 Partial PUSCH transmission based on LBT result

Proposal 3: Support partial PUSCH transmission based on the result of the channel access procedure.
· CBG-based transmission/retransmission can be considered for partial PUSCH.
5. 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. Detailed discussion can be found in our companion contribution [4].
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 6 illustrates this case.


[image: image6.emf]PUCCH

COT

DL UL

G

S

R

S

time

D

C

I


Figure 6 SRS transmission at the front of PUCCH
Proposal 4: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.
· Support periodical and triggered SRS transmission.
6. Conclusions
This contribution mainly discusses potential enhancements to UL signals and channels for NR deployment on unlicensed spectrum, including block interlaced PUCCH design, block interlaced PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. The following proposals are made.
Proposal 1: NR PUCCH formats 2 and 3 should be enhanced.
· Define interlace structure within 20MHz for each PUCCH resource. 

· Support a common starting point as the starting point of interlace structure for different SCSs.

· Support sub-PRB based PUCCH resource allocation for 60kHz SCS.

· 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 2: Block-interlaced PUSCH should be supported.
· Either Alt-1 or Alt-2 identified in SI phase can be considered for block-interlaced PUSCH design. 

· Support sub-PRB based PUSCH resource allocation for 60kHz SCS.
Proposal 3: Support partial PUSCH transmission based on the result of the channel access procedure.
· CBG-based transmission/retransmission can be considered for partial PUSCH.
Proposal 4: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.

· Support periodical and triggered SRS transmission.
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