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1. Introduction

In RAN1 meeting #94, the following agreements regarding UL design are achieved:
Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH

· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power

· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH

· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS

· Link budget limited cases with given PSD constraint

· It is observed that power boosting gains decrease with increasing SCS

· As one option to efficiently meet the occupied channel bandwidth requirement

· Comparatively less specification impact than Sub-PRB interlace design 

· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs

· The following has been observed for sub-PRB block interlace designs

· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting

· FFS: scenario details, e.g., small resource allocations

· Sub-PRB interlace design has at least the following specification impact:

· Reference signal design (e.g., DMRS)

· Channel estimation aspects

· Resource allocation

Agreement:
· It has been identified as beneficial to support 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) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design

· FFS: M and N for each supported SCS

· FFS: 60 kHz in case a sub-PRB interlace is introduced

Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view

· FFS: Exact number of PRBs per interlace for supported value(s) of M and N

· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth

· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

This contribution mainly discusses potential enhancements to UL channel and reference signals for NR deployment on unlicensed spectrum, including interlaced structure and PUSCH/PUCCH/PRACH transmission.
2. Interlace structure 
Interlace structure could be considered as a baseline for UL channel and RS transmission to meet OCB requirement and to achieve power efficiency. For simplicity, the interlace structure could be defined within initial BWP (or one subband, i.e., 20MHz), and one wideband BWP could consist of multiple subbands. 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 [1] 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.

Based on the above discussion, Figure 1 gives examples of interlace structures for 15 kHz, 30 kHz and 60 kHz SCSs. 
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Figure 1 Interlace structure design for NR-U

· For 15 kHz SCS, total 8 interlaces with 13 or 14 PRBs per interlace:  

· Interlace 0 including PRB 6、14、22、30、38、46、54、62、70、78、86、94、102

· Interlace 1 including PRB 7、15、23、31、39、47、55、63、71、79、87、95、103

· Interlace 2 including PRB 8、16、24、32、40、48、56、64、72、80、88、96、104、0

· Interlace 3 including PRB 9、17、25、33、41、49、57、65、73、81、89、97、105、1

· Interlace 4 including PRB 10、18、26、34、42、50、58、66、74、82、90、98、2

· Interlace 5 including PRB 11、19、27、35、43、51、59、67、75、83、91、99、3

· Interlace 6 including PRB 12、20、28、36、44、52、60、68、76、84、92、100、4

· Interlace 7 including PRB 13、21、29、37、45、53、61、69、77、85、93、101、5 
· For 30 kHz SCS, total 4 interlaces with 12 or 13 PRBs per interlace:  

· Interlace 0 including PRB 2、6、10、14、18、22、26、30、34、38、42、46、50

· Interlace 1 including PRB 3、7、11、15、19、23、27、31、35、39、43、47

· Interlace 2 including PRB 4、8、12、16、20、24、28、32、36、40、44、48、0

· Interlace 3 including PRB 5、9、13、17、21、25、29、33、37、41、45、49、1

· For 60 kHz SCS, total 2 interlaces with 12 PRBs per interlace:  

· Interlace 0 including PRB 0、2、4、6、8、10、12、14、16、18、20、22

· Interlace 1 including PRB 1、3、5、7、9、11、13、15、17、19、21、23

Proposal 1: Define interlace structure within 20MHz and support a common starting points as the starting point of interlace structure for different SCSs. 

3. PUSCH 
For PUSCH transmission on unlicensed carrier, both DFT-s-OFDM and CP-OFDM waveform should be supported. The resource allocation for PUSCH transmission could be based on interlace structure. For 60 kHz SCS, since one PRB occupies 720 kHz frequency resource, sub-PRB based resource allocation for PUSCH could be considered to improve power efficiency. 

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 result of the channel access procedure for NR-U. In addition, CBG-based retransmission can be considered for partial PUSCH transmission. 
Proposal 2: Support partial PUSCH transmission based on the result of the channel access procedure for NR-U.
4. PUCCH 
PUCCH transmission on unlicensed bands should be investigated at least for DC and SA scenarios. From frequency domain perspective, one PUCCH resource should be defined in interlace structure within 20MHz. From time domain perspective, configurable PUCCH durations have already been supported in NR and at least one short PUCCH format and one long PUCCH format should be supported in NR-U for small and large HARQ-ACK feedback payloads. 
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 in the RAN1 #93 meeting that no-LBT can be used for gap of less 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 [2]. 
For short PUCCH format, multiple PUCCH resources in time domain could be configured in one slot, and for long PUCCH format, multiple PUCCH resources in time domain could be configured in continuous slots, so that UE can transmit PUCCH as soon as possible.

Proposal 3: Multiple PUCCH resources should be configured based on the corresponding LBT type for PUCCH transmission. 
5. PRACH
NR PRACH supports multiple preamble formats with long/short sequences, and unrestricted/restricted type A/restricted type B for different scenarios. For NR unlicensed, suitable PRACH preamble formats should be studied and selected from licensed PRACH formats, and be taken as the baseline formats for NR-U operation. 
It is identified that interlaced based PRACH can be beneficial from OCB requirement fulfill and power efficiency perspective. However, one purpose of transmitting PRACH in unlicensed carrier is to estimate timing advance, the interlaced waveform may have timing estimation accuracy issue especially when the preamble sequence is mapped onto a large SCS. The feasibility of interlaced based PRACH waveform should be studied in 5GHz unlicensed band.  

It is understood that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied. This rule could be used for PRACH transmission with continuous sequence mapping in frequency domain at least for better timing estimation accuracy. On the other hand, legacy continuous PRACH sequence can be repeated in frequency domain to achieve better transmit power.
Proposal 4: Reuse NR PRACH with continuous preamble sequence for NR-U. 

6. Conclusions
This contribution mainly discusses potential enhancements to UL channel and reference signals for NR deployment on unlicensed spectrum, including interlaced structure and PUSCH/PUCCH/PRACH transmission. The following proposals are made.
Proposal 1: Define interlace structure within 20MHz and support a common starting points as the starting point of interlace structure for different SCSs. 

Proposal 2: Support partial PUSCH transmission based on the result of the channel access procedure for NR-U.
Proposal 3: Multiple PUCCH resources should be configured based on the corresponding LBT type for PUCCH transmission. 

Proposal 4: Reuse NR PRACH with continuous preamble sequence for NR-U. 
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