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Introduction
The following agreements on UL for NR-based Access to Unlicensed Spectrum (NR-U) were made in RAN1#94bis:
	Agreement:
· Within a 20 MHz bandwidth, the following candidate PRB-based interlace designs have been identified where M is the number of interlaces and N is the number of PRBs per interlace in a 20 MHz bandwidth. Where two values are listed for N, it means that some interlaces have one more PRB than others (non-uniform interlace design):
· 15 kHz:
· M = 12, N = 8 or 9
· M = 10, N = 10 or 11
· M = 8, N = 13 or 14
· 30 kHz:
· M = 6, N = 8 or 9
· M = 5, N =  10 or 11
· M = 4, N = 12 or 13
· 60 kHz:
· M = 4, N = 6
· M = 3, N = 8
· M = 2, N = 12
· 60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth):
· M = 4, N = 6 or 7
· M = 2, N = 13
· M = 3, N = 8 or 9
· It is up to RAN4 to investigate whether or not the non-uniform interlace structure has an impact on MPR/A-MPR requirements for PUSCH

Agreement:
Capture the following in TR 38.889
· Both PRB and sub-PRB interlacing for 60 kHz have been studied. For sub-PRB interlacing the following aspects have been considered:
· Power boosting potential depending on resource allocation size
· PUSCH DMRS configuration aspects
· Channel estimation performance
· Number of REs per interlace unit

Agreement:
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). 



This document discusses the following NR-U UL aspects:
Interlaced mapping
PUCCH
PRACH
Discussion on interlaced waveform
Waveform
For NR-U UL, as well as LTE LAA, interlaced resource mapping is considered in order to realize the higher power transmission under the PSD requirement in unlicensed band by ETSI [1].

Figure 1 shows the example of structure of transmitter for interlaced waveform with DFT precoding referred to as Blocked Interleaved Frequency Division Multiple Access (B-IFDMA) [2]. The structure is similar to the transmitter for DFT-S-OFDM but the DFT output can be mapped to the non-contiguous subcarriers/PRBs.

[image: ]
Figure 1 Transmitter for interlaced waveform with DFT precoding

In [2], the PAPR evaluations for B-IFDMA (i.e. with DFT precoding) and interlaced mapping with OFDMA (i.e. without DFT precoding) are compared. According to this paper, B-IFDMA can bring less PAPR performance by 1-2 dB than OFDMA. Therefore, it is beneficial to support B-IFDMA at least for the UL cell-edge case.

[bookmark: DFT]Proposal 1:	Support interlaced waveform with DFT precoding for NR-U UL.
[bookmark: NCB40]
Resource allocation/mapping for interlaced allocation with DFT
For NR Rel-15 UL DFT-S-OFDM, the number of PRBs shall be the product of the {2, 3, 5} in order to mitigate the computational complexity of DFT. If interlaced waveform with DFT precoding is used, the similar limitation could be required.

In RAN1 #94bis, the possible non-uniform interlace structures are identified. For example on 15 kHz SCS, the 106 PRBs can be divided into M=12 interlaces some of which include N=9 PRBs and the others include N=8 PRBs.

The potential issue here is, the total allocation size might not be the product of {2, 3, 5} if the resource allocation/indication is based on the interlace indexes as well as LAA. For example, allocation of one N=9 interlace and one interlace N=8 results total 17 PRBs allocation. For another example, allocation of one or multiple N=11 interlace results total 11, 22, 33, … PRBs allocation. These allocations increases DFT complexity. As a result, flexible resource allocation could be restricted.

The uniform interlace structure can resolve this issue, but it wastes the unused resource. For example, M=12 and N=8 can allocate 96 PRBs but the remaining 10 PRBs are wasted for 15 kHz SCS.

We propose that the number of PRBs before DFT precoding is adjusted to the product of {2, 3, 5} when the total assigned number of PRBs by gNB are not the product of {2, 3, 5}. For example on 15 kHz SCS with M=12, if one interlace N=9 and one interlace N=8, i.e. total number of PRBs is 17 PRBs, is allocated by gNB, the input for DFT precoding is only 16*12 subcarriers and accordingly selects only 16 PRBs within the 17 PRBs allocation. Then this allocation scheme allows DFT complexity reduction.

The merit of this solution is resource allocation flexibility is kept while DFT complexity is reduced. Also, the more resource on non-uniform interlace structure can be utilized than the uniform structure. For example on 15 kHz with M=12, N=9 interlace can be utilized while it is not allowed in uniform structure.

The detail of which PRBs are selected for transmission when the number of PRBs assigned by gNB is not the product of {2, 3, 5} should be further studied. One possible option is to choose the certain interlace with less N in order to keep OCB.

Based on the discussion above, we would propose as follows.
[bookmark: truncate]Proposal 2:	The number of PRBs before DFT precoding is adjusted to the product of {2, 3, 5} when the total assigned number of PRBs are not the product of {2, 3, 5} and when interlaced waveform with DFT precoding is used.

Partial interlace
For resource allocation based on the interlace structure, the minimum allocation size for a UE is the number of PRBs included in one interlace (=N). If the needed resource size is less than that, the allocation of part of PRBs included in one interlace can be beneficial for flexible resource allocation because the remaining PRBs can be allocated to the other UEs.

For example, in figure, some PRBs on interlace #0 are allocated to UE#0 while the others are allocated to UE#1.
[image: ]
Figure 2 Partial interlace

However, it can be issue that the OCB by each UE is narrow as it is unclear whether ETSI OCB regulation of 80% of NCB could be fulfilled by multiple devices (the blue arrow) or not. In order to have frequency diversity and to satisfy ETSI OCB regulation, the allocation should be VRB based mapping, although still some study on the regulation aspect is useful.

Based on the discussion above, we would propose as follows.
[bookmark: partial]Proposal 3:	NR-U PUSCH allocation on the partial interlace (subset of PRBs belonging to an interlace) is supported by VRB based mapping. Following aspect should be further studied.
Flexibility and signalling on resource allocation
ETSI regulation that OCB > 80% of NCB

Interlace for wideband operation
For NR-U wideband operation on multiple 20 MHz sub-bands, the 2 alternatives are identified according to the agreement in RAN1 #94bis. 
	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).



The Figure 3 shows an example for 30 kHz SCS (maximum 51PRBs for 20 MHz) and M=6.
[image: ]
[bookmark: _Ref528687416]Figure 3 interlace for wideband

For wideband operation, there are 2 possible operation cases. One is the CA operation of multiple 20 MHz CCs and another is the single wideband CC operation.

For the CA operation of multiple 20 MHz CCs, we would propose Alt-2. Alt-1 can be beneficial for power boosting of PUSCH transmission when resource allocation size is small because the resource is always allocated in regular interval in frequency. However, it may increase the scheduling complexity as the number of PRBs (=N) in same interlace index can differ by sub-band. In that sense, Alt-2 can be beneficial for simple resource allocation for each sub-band. Also, gNB can allocate interlaces in each CC so that allocated PRBs are mapped on regular interval in frequency. For example, gNB can allocate interlace #0 on 1st 20MHz sub-band and #3 on the 2nd sub-band.

[bookmark: wideband]Proposal 4:	For the CA operation of multiple 20 MHz CCs, define interlace structure on a sub-band basis (Alt.2).


For wideband CC operation, agenda 7.2.2.2 discuss BWP and CCA relations. Depending on the outcome, how resource allocation in PDCCH can be realized can be different. Therefore, we should wait the conclusion on wideband operation.

[bookmark: wideband_oneCC]Proposal 5	For one wideband CC operation occupying multiple 20 MHz sub-bands, to wait the progress of wideband operation agenda 7.2.2.2.

Discussion on PUCCH
gNB-shared COT vs. UE-initiated COT
This part is update of [3].

[bookmark: _GoBack]For NR-U, there are multiple types of COT. One is the gNB-shared COT and the other one is UE-initiated COT. We propose that HARQ over PUCCH is sent in the gNB-shared COT only but not in UE-initiated COT.

Increased opportunity
In the gNB-shared COT, if the switching gap between DL and UL is less than 16 us, LBT before UL transmission can be omitted. Therefore, the opportunity to transmit the UCI indicated by DCI can be relatively increased. This can help to fast feedback HARQ-A/N. On the other hand, for UE-initiated COT, LBT is necessary before UL transmission. Then the feedback can be delayed.

Increased multi-user CDM/FDM feasibility
As stated above, if LBT before UL can be omitted in the gNB-shared COT, the time domain position of each user’s UL transmission can be aligned. Therefore, multi-user CDM/FDM of PUCCH can be realized. This is also beneficial for the fast UCI feedback. On the other hand, for UE-initiated COT, the LBT with randomized contention time is required for each UE. Therefore, the timing position of each UE’s UL may not be aligned.
Similarly, to send CSI reporting on PUCCH within gNB-shared COT is useful to allow flexible resource allocation of PUCCH. This can be enabled by group-PDCCH based trigger of CSI report on PUCCH. We propose such PUCCH report on gNB-shared COT and we call it as aperiodic PUCCH. In addition to such aperiodic PUCCH, to have CSI report over PUCCH in UE-initiated COT may or may not be beneficial. This aspects should be studied further.

For the reasons above, we would propose the following:
[bookmark: COT]Proposal 6:	For NR-U, HARQ-A/N over PUCCH should be transmitted in gNB-shared COT only. 
Proposal 7:	For NR-U, CSI report over PUCCH triggered by group based PDCCH in gNB shared COT should be supported. 

Enhanced PUCCH format for large payload size
For NR-U, HARQ A/N transmission on the indicated resource may be impossible due to LBT failure. To support PUCCH format which can carry large payload size is beneficial to feedback A/N as much as possible within the limited COT.

For NR Rel-15, PUCCH format 2 and 3 are supported for UCI more than 2 bits. These PUCCH formats support only contiguous mapping. In order to realize the larger power transmission under the PSD requirement, PUCCH format 2 and 3 should be enhanced to realize frequency-distributed structure. Mapping on interlace or partial interlace structure as well as PUSCH can be beneficial for multi-UE FDM with PUSCH on interlace or partial interlace transmit by the other UE.

[bookmark: short][bookmark: large]Proposal 8:	NR-U enhances NR PUCCH format 2 and 3 to map on interlace and partial interlace structure.

Enhanced PUCCH format for small payload size
For small UCI payload size with 1-2 bits, NR PUCCH format 0 can be the candidate for NR-U, but this format occupies 1 PRB only.

NR-U PUCCH should occupy multiple PRBs. One reason is to realize the larger power transmission under the PSD requirement. Another reason is to fulfil the minimum OCB regulation of 2 MHz by ETSI [1]. For example, 1 PRB BW for 15, 30, 60 kHz SCS is 180, 360, 720 kHz, respectively, where a single PRB cannot occupy 2 MHz. Therefore, legacy NR PUCCH format 0 needs enhancements.

NR PUCCH format 0 should be enhanced so that the sequence is repeated across multiple PRBs. Additionally, in order to mitigate the inter-cell interference, different cyclic shifts and base sequence per PRB should be applied.

As discussed in [3], NR PUCCH format 1 with 1-2 bits payload may be deprioritized as NR-U cell coverage may not be so large.

[bookmark: less]Based on the discussion above, we would propose as follows.
[bookmark: small]Proposal 9:	NR-U enhances NR PUCCH format 0 so that the sequence is repeated across multiple PRBs, and also different cyclic shifts and base sequence per PRB are applied.

Discussion on PRACH
This chapter is resubmission of [3].
PRACH format
In NR Rel-15, PRACH sequence length L=139, 839 are supported. However, as the NR-U cell size can be smaller, such long preamble as L=839 may not be needed. Also, L=839 with 1.25/5 kHz SCS can be difficult to apply multi-user FDM with PUSCH/PUCCH.

[bookmark: RACH_L]Proposal 10:	At least PRACH sequence length L=139 is supported for NR-U.

In NR Rel-15, SCS = 15/30 kHz for FR1, 60/120 kHz for FR2 are supported. As 15/30/60 kHz SCS is considered for PUSCH/PUCCH, it seems natural to support 15/30/60 kHz SCS for PRACH also. By doing this, it is easier to multi-user FDM of PRACH and PUSCH (PUCCH) with 60 kHz SCS. Furthermore, there may be the gain to shorten the occupied duration of PRACH occasion (RO).

[bookmark: RACH_SCS]Proposal 11:	15/30/60 kHz SCS should be supported for NR-U PRACH.

PRACH mapping
In RAN1#94bis, following interlace designs are mainly proposed [4]. In this section, we compare the each interlace design, in viewpoint of timing estimation accuracy, CM, multiplexing with other signals channels, PSD and OCB requirement. 
· Option1: B-IFDM (Block interleaved FDM) + uniform spacing.
· Option2: B-IFDM + non-uniform spacing [1]
· Option3: Tin-IFDM (tone interlaced FDM)
· Option4: No interlacing (contiguous only)

Timing estimation accuracy
The Figure 4 shows the evaluation results on the auto correlation properties using Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120. In the evaluation, 20MHz bandwidth and 30 kHz SCS are assumed and the resource mapping of B-IFDM as Figure 5 is used. In this document, B-IFDM + non-uniform spacing means the mapping method that the different interlace number can be set for each cluster. In the Figure 5 (b), interlace number {0, 2, 1, 0, 1, 2, 0, 2, 1, 0} is used for each cluster as an example of B-IFDM + non-uniform spacing (option 2). In the Figure 5 (a), the B-IFDM + uniform spacing (option 1) is also shown. Tone interval is set to 5 for Tin-IFDM (option 3) in the evaluation. 
From the evaluation results, Option4 brings better auto correlation property compared with the other methods. The correlation properties of PRACH preamble using the B-IFDM + uniform spacing (option1) have some issues in timing estimation, because there are many false peaks in the correlation properties. Option2 (B-IFDM + non-uniform) bring better auto correlation property compared with Option1. In Option 3, preamble is repeated by tone interval in time domain, therefore false peak occurs at the interval obtained by dividing the symbol length by the tone interval. If target cell size is small, the false peak is not issue for option 3. 
[image: ] 
[bookmark: _Ref524369465]Figure 4 Auto correlation properties of PRACH preamble
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(a) B-IFDM + uniform spacing
	[image: ]
(b) B-IFDM + non-uniform spacing


[bookmark: _Ref524369562]Figure 5 Interlace mapping method of B-IFDM + uniform spacing and B-IFDM + non-uniform spacing in 30KHz SCS (the number of interlaces is 5, the nominal number of PRBs per interlace is 1PRB) 

CM
The Table 1 shows the evaluation results of CM. In this evaluation, the resource mapping of B-IFDM as Figure 5 is used. According to this, Option3 and Option 4 are better CM than Option1 and Option2. However, it would be not so big issue as the targeted cell size is relatively small in NR-U compared with licensed band operation.
[bookmark: _Ref524447999]Table 1 CM of PRACH preamble
	Interlace design
	CM [dB]

	Option1 (B-IFDM + uniform spacing)
	2.17

	Option2 (B-IFDM + non-uniform spacing)
	3.44

	Option3 (Tin-IFDM)
	1.80

	Option4 (No interlacing)
	1.80




Multiplexing with other signals channels
In the scenario which B-IFDM is used for PUCCH/PUSCH, Option1 can multiplex with PUCCH/PUSCH with B-IFDM easily. In Option2, if nested resources are allocated for multiple PRACH occasions as Figure 6, Option 2 can also multiplex with PUCCH/PUSCH with B-IFDM easily. For example, interlace#0-2 are used for PRACH, and other interlace numbers are used for PUCCH and PUSCH. Option3 and Option4 can’t multiplex PUCCH/PUSCH easily.
[image: ]
[bookmark: _Ref524430440] Figure 6 PRACH resource allocation for multiple PRACH occasions 

PSD and OCB requirement
Option1, Option2 and Option3 can fulfil OCB requirement and increase transmission power more than Option4 under PSD limitation. Option4 can’t fulfil OCB requirement, therefore frequency domain repetition of preamble or temporal allowance of at least 2MHz OCB mechanism have to be applied.

Based on the discussion above, the Table 2 shows the summary of the comparison of each interlace design in the scenario which B-IFDM is used for PUCCH/PUSCH. From the viewpoint of multiplexing with other channel and timing estimation accuracy, our proposal is the following.

[bookmark: _Ref524431532]Table 2 Summary of the comparison of each interlace design 
	Interlace design
	Multiplexing with other channel
	Timing estimation accuracy
	CM
	PSD/OCB requirement

	Option1 (B-IFDM + uniform spacing)
	Excellent
	bad
	good
	Excellent

	Option2 (B-IFDM + non-uniform spacing)
	good
	fair
	fair
	Excellent

	Option3 (Tin-IFDM)
	Bad
	Good
	Excellent
	Excellent 

	Option4 (No interlacing) 
	Bad
	Excellent
	Excellent
	Bad



[bookmark: RACH_mapping]Proposal 12:	For NR-U PRACH, support B-IFDM + non-uniform spacing at least in the scenario which B-IFDM is used for PUCCH/PUSCH.

Conclusion
For NR-U interlaced waveform, we would propose the following:
Proposal 1:	Support interlaced waveform with DFT precoding for NR-U UL.

Proposal 2:	The number of PRBs before DFT precoding is adjusted to the product of {2, 3, 5} when the total assigned number of PRBs are not the product of {2, 3, 5} and when interlaced waveform with DFT precoding is used.
Proposal 3:	NR-U PUSCH allocation on the partial interlace (subset of PRBs belonging to an interlace) is supported by VRB based mapping. Following aspect should be further studied.
Flexibility and signalling on resource allocation
ETSI regulation that OCB > 80% of NCB
Proposal 4:	For the CA operation of multiple 20 MHz CCs, define interlace structure on a sub-band basis (Alt.2).
Proposal 5	For one wideband CC operation occupying multiple 20 MHz sub-bands, to wait the progress of wideband operation agenda 7.2.2.2.


For NR-U PUCCH, we would propose the following:
Proposal 6:	For NR-U, HARQ-A/N over PUCCH should be transmitted in gNB-shared COT only. 
Proposal 7:	For NR-U, CSI report over PUCCH triggered by group based PDCCH in gNB shared COT should be supported. 
Proposal 8:	NR-U enhances NR PUCCH format 2 and 3 to map on interlace and partial interlace structure.
Proposal 9:	NR-U enhances NR PUCCH format 0 so that the sequence is repeated across multiple PRBs, and also different cyclic shifts and base sequence per PRB are applied.

For NR-U PRACH, we would propose the following:
Proposal 10:	At least PRACH sequence length L=139 is supported for NR-U.
Proposal 11:	15/30/60 kHz SCS should be supported for NR-U PRACH.
Proposal 12:	For NR-U PRACH, support B-IFDM + non-uniform spacing at least in the scenario which B-IFDM is used for PUCCH/PUSCH.
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