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Introduction 
In 3GPP TSG RAN WG1 Meeting #94bis [1], the following agreements were made regarding the design of uplink (UL) signals/channels for NR unlicensed operation:
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).
In the context of above agreements, we will discuss in this contribution the followings:
· Design of PRB based interlace waveform for physical uplink signals/channels.
· Potential enhancements of NR UL signals/channels required for NR-unlicensed operation.
Design of interlace for physical uplink signals/channels 
In NR-unlicensed operation, an interlace based waveform can be beneficial in some scenarios including link budget limited cases with given PSD constraint (e.g. 10 dBm/1 MHz within the band 5150 MHz – 5250 MHz as imposed by ETSI [2] or 11 dBm/MHz for 5150 MHz -5350 MHz as imposed by FCC [3]), and as one option to efficiently meet the occupied channel bandwidth requirement [4]. Similar to LTE LAA PUSCH design [5], block-interlaced waveform can be considered for PUSCH/PUCCH transmission for NR-unlicensed, owing to the aforementioned benefits. From FDM based user multiplexing standpoint, it would be beneficial to have UL channels on a common interlace structure (i.e. block –interlaced waveform based) at least for PUSCH, PUCCH, associated DMRS and potentially PRACH [6]. Further, for block-interlaced waveform, a PRB based design is identified as beneficial in RAN1 [6] at least for 15 and 30 KHz subcarrier spacing (SCS) in FR1, and potentially for 60 KHz. The other candidate block interlace design for 60 KHz SCS is sub-PRB based interlace, which albeit being beneficial in some scenarios in terms of power boosting, incurs additional specification impacts with new reference signal design (e.g. DMRS), channel estimation aspects and resource allocation etc. [6]. 
In general, a PRB based block interlace waveform can be specified primarily with two design parameters, viz. number of interlaces (N) and nominal number of PRBs per interlace (N). It has been identified in RAN1 [6] as beneficial to support a PRB based block interlace structure where M decreases with increasing SCS, and N remains similar for each SCS (in a given bandwidth) at least for 15 and 30 KHz SCS, and potentially for 60 KHz SCS depending on supported interlace design. In addition, from a RAN1 perspective, it has been identified as beneficial from spectrum utilization point of view to support a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces. 
With this motivation, we consider the baseline block-interlace waveform based design for aforementioned NR physical uplink signals/ channels to be “PRB based” for all numerologies with nominal number of PRBs/interlace , in lieu of legacy LTE eLAA interlace waveform of 10 PRBs/interlace [5]. Since NR is targeted to support multiple numerologies, it is essential to design a baseline interlace that would meet the regulatory requirements (e.g. OCB and PSD limitations) for all numerologies. For different sets of bandwidth-subcarrier spacing (BW-SCS) configurations in FR1, transmission bandwidth configurations (NRB) are different, as shown in Table 1. 
Table 1. Maximum transmission bandwidth configuration NRB for frequency range 1 FR1 (450 – 6000 MHz) [8]
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



In general, the baseline (uniform) interlace design for any given numerology (i.e. ) would be guided by the following criteria:
· For uniform interlace design with  PRBs/interlace, maximum UE multiplexing capacity would be, where  is the total number of uniform interlaces with at  PRBs/interlace that can occupy up to number of PRBs.
· To exploit PSD regulation of 10 dBm/1 MHz [2], it is desirable to make the inter-PRB distance (IPD) within one interlace (i.e. the separation between the first subcarriers of two consecutive PRBs within one interlace) to be at least 1 MHz, so as to allow allocation of 10 dBm transmit power on each PRB (containing 12 subcarriers) of one interlace. To meet this criteria,  has to be chosen such thatSCS (in MHz)MHz.
· To satisfy OCB criteria, the set  is to be chosen such that SCSOCB, where SCS and OCB are expressed in the same unit and OCB is at least 80% of nominal channel bandwidth [2].
Uniform interlace design with  PRBs/interlace satisfies the OCB and PSD requirements for different numerologies targeted for NR-unlicensed operation in FR1, as shown in Table 1. For certain numerologies, where  is not a multiple of  ( here), mod PRBs are left after allocating  interlaces with  PRBs/interlace for, which can be assigned non-uniformly among mod interlaces, which would lead to few of the initially uniform  interlaces to have more than 12 PRBs/interlace. In this way, all  PRBs corresponding to a given numerology can be utilized, achieving up to 100% transmission bandwidth utilization even in case when N is not a factor of. 
Figure 1 illustrates an example of non-uniform interlace design for. After assigning 12 PRBs/interlace to 4 interlaces (Figure 1a), there will be 3 PRBs left unused. By assigning the 3 PRBs to the first three interlaces (interlace #0, #1 and #2 as shown in Figure 1b), transmission bandwidth utilization can be improved up to 100%. With non-uniform interlace design, there will be 3 interlaces with  PRBs/interlace and 1 interlace with  PRBs/interlace for.


Figure 1. Uniform and non-uniform interlace design for NRB = 51
Note that, in the process of excess PRB assignment, number of PRBs/interlace afterwards may not remain factorable into  for few interlaces, as shown in the above example. Depending on whether one interlace is used for transmission of a DFT-s-OFDM waveform based signal (e.g. PUCCH format 3) or a CP-OFDM waveform (e.g. PUCCH format 2, PUSCH etc.) based signal, the number of PRBs assigned to the interlace may or may not be required to be factorable as  (a requirement for efficient DFT implementation). Therefore, depending on the use case, either few or all of the excess PRBs can be assigned to few of the uniform interlaces to improve transmission bandwidth utilization, when possible.
The reason for choosing the nominal number of PRBs per interlace,  instead of N = 6/8/10 (for 20 MHz) as proposed in last RAN1 meeting [1] is because  cannot meet the OCB criteria for all targeted numerologies and candidate waveforms (e.g. CP-OFDM and DFT-s-OFDM) for NR-U, as shown in Tables 2a and 2b. On the other hand, meets OCB for all numerologies as shown in Table 2b and hence, can be used for simplified, numerology agnostic interlace design.   
Table 2a. Comparison between interlaces with N (nominal) = {6, 8} PRBs/interlace for different BW-SCS in FR1
	BW (MHz)
	SCS (KHz)
	NRB
	N (nominal)= 6 PRBs/interlace
	N (nominal) = 8 PRBs/interlace

	
	
	
	No. of interlaces (M)
	No. of PRBs per interlace (N)
	OCBmin (MHz)[1]
	No. of interlaces (M)
	No. of PRBs per interlace (N)
	OCBmin (MHz)

	20
	15
	106
	17
	6/7
	15.48 (< 16) 
	13
	8/9
	16.56 (> 16) 

	20
	30
	51
	8
	6/7
	14.76 (< 16) 
	6
	8/9
	15.48 (< 16) 

	20
	60
	24
	4
	6
	15.12 (< 16) 
	3
	8
	15.84 (< 16) 

	40
	15
	216
	36
	6
	32.58 (> 32) 
	27
	8
	34.20 (> 32) 

	40
	30
	106
	17
	6/7
	30.96 (< 32) 
	13
	8/9
	33.12 (> 32) 

	40
	60
	51
	8
	6/7
	29.52 (< 32) 
	6
	8/9
	30.96 (< 32) 

	60
	30
	162
	27
	6
	48.96 (> 48) 
	20
	8/9
	50.76 (> 48) 

	60
	60
	79
	13
	6/7
	47.52 (< 48) 
	9
	8/9
	46.08 (< 48) 

	80
	30
	217
	36
	6/7
	65.16 (> 64) 
	27
	8/9
	68.40 (> 64) 

	80
	60
	107
	17
	6/7
	61.92 (< 64) 
	13
	8/9
	66.24 (> 64) 

	100
	30
	273
	45
	6/7
	81.36 (> 80) 
	34
	8/9
	86.04 (> 80) 

	100
	60
	135
	22
	6/7
	79.92 (< 80) 
	16
	8/9
	81.36 (> 80) 


Table 2b. Comparison between interlaces with N (nominal) = {10, 12} PRBs/interlace for different BW-SCS in FR1
	BW (MHz)
	SCS (KHz)
	NRB
	N (nominal)= 10 PRBs/interlace
	N (nominal) = 12 PRBs/interlace

	
	
	
	No. of interlaces (M)
	No. of PRBs per interlace (N)
	OCBmin (MHz)
	No. of interlaces (M)
	No. of PRBs per interlace (N)
	OCBmin (MHz)

	20
	15
	106
	10
	10/11
	16.38 (> 16) 
	8
	13/14
	16.02 (> 16) 

	20
	30
	51
	5
	10/11
	16.56 (> 16) 
	4
	12/13
	16.20 (> 16) 

	20
	60
	24
	2
	12
	16.56 (> 16) 
	2
	12
	16.56 (> 16) 

	40
	15
	216
	21
	10/11
	34.20 (> 32) 
	18
	12
	35.82 (> 32) 

	40
	30
	106
	10
	10/11
	32.76 (> 32) 
	8
	13/14 
	32.04 (> 32) 

	40
	60
	51
	5
	10/11
	33.12 (> 32) 
	4
	12/13
	32.40 (> 32) 

	60
	30
	162
	16
	10/11
	52.20 (> 48) 
	13
	12/13
	51.84 (> 48) 

	60
	60
	79
	7
	11/12
	46.08 (< 48) 
	6
	13/14 
	48.24 (> 48) 

	80
	30
	217
	21
	10/11
	68.40 (> 64) 
	18
	12/13
	71.64 (> 64) 

	80
	60
	107
	10
	10/11
	65.52 (> 64) 
	8
	13/14 
	64.08 (> 64) 

	100
	30
	273
	27
	10/11
	87.84 (> 80) 
	22
	12/13
	87.48 (> 80) 

	100
	60
	135
	13
	10/11
	84.96 (> 80) 
	11
	12/13
	87.84 (> 80) 


[1] OCBmin = ([Nmin-1]*M+1)*12*SCS/1000 MHz, where Nmin is the minimum N for uniform interlace that is factorable as 2a *3b * 5c. CP-OFDM based interlace may have higher OCBmin than DFT-s-OFDM and here, we are considering the most limiting case, i.e. min (OCBmin,CP-OFDM, OCBmin,DFT-s-OFDM)
As shown in Table 1, NRB doesn’t increase linearly with increasing BW. Hence, if interlace design for 20 MHz is considered as baseline for BWs > 20 MHz there may be some potential discontinuity in interlace spacing (i.e. inter-PRB separation or IPD) near the edges of the sub-band. For example, let’s consider 20 MHz BW and 15 KHz SCS, for which one potential interlace design is M = 8 and N = 13/14 for NRB = 106, i.e. 8 interlaces with first 2 interlaces having 14 PRBs/interlace and the next 6 interlaces having 13 PRBs/interlace. If we take this interlace design as the baseline and just repeat the same structure over two adjacent 20 MHz sub-bands (i.e. over 40 MHz with 30 KHz SCS), then it would occupy in total 212 PRBs whereas for 40 MHz BW and 15 KHz SCS, NRB = 216. Hence, 4 PRBs will remain unoccupied if the same interlace design for 20 MHz is repeated n times over bandwidth of n* 20 MHz. Also, there may be some interlace separation discontinuity at the sub-band edges, which can potentially lead to inter-PRB separation < 1 MHz at the edge. For example, for the first interlace (with 28 PRBs over 40 MHz), there would be an IPD of 2 PRBs or 0.36 MHz (< 1 MHz) at the sub-band edge, due to which the PSD limitation would restrict the power allocation on 14th and 15th PRBs within the first interlace, leading to reduced transmission power. This problem can be circumvented by designing a separate interlace suitable for 40 MHz BW and 15 KHz SCS (e.g. 18 interlaces with 12 PRBs/interlace), with fixed interlace separation (> 1 MHz) throughout the bandwidth. Hence, we support Alt-1 out of two alternatives identified in the last RAN1 meeting for interlace design for BW > 20 MHz [1], i.e. to keep the same interlace spacing for all interlaces regardless of carrier BW.
Proposal 1
Support a unified PRB based interlace design for NR-unlicensed uplink physical data and control signals/channels for efficient multiplexing.
Proposal 2
For PRB based interlace, down-select nominal number of PRBs per interlace (N) = 12 for all numerologies in FR1.
· Unused PRBs, if any, can be assigned non-uniformly among few of the interlaces to improve transmission bandwidth utilization, when applicable.
Proposal 3
For carriers with bandwidth larger than 20 MHz, retain same interlace spacing for all interlaces regardless of carrier BW (i.e. Alt-1).
Uplink physical channels with contiguous resource allocation
In Rel-15 NR framework, uplink physical channels are designed based on CP-OFDM or DFT-s-OFDM waveforms and can span 1~14 symbol(s) in the time domain and ≥1 PRB across the frequency domain (depending on which of the uplink physical channels, viz.  PRACH or PUSCH or PUCCH is used). When a physical uplink channel in legacy NR occupies more than 1 PRBs, the PRBs may be assigned in a contiguous manner, in contrast to the distributed resource allocation scheme described in the previous section. Also, for DFT-s-OFDM waveform based transmission, the number of PRBs should be factorable into 2a*3b*5c for efficient DFT implementation, as mentioned in the previous section.
As one of the primary objectives of NR-unlicensed SI phase is to study the feasibility of inheriting NR physical channel frameworks as baseline, by avoiding any unnecessary divergence from the decisions made in NR WI phase for Rel-15, it is imperative to look into NR physical channels and identify the essential enhancements and modifications that need to be incorporated in order to enable the unlicensed operation. Regulatory requirements are to be mandatorily met, which will inevitably call for some redesigning efforts of the NR-licensed framework. Various aspects of these essential enhancements /modifications of the legacy NR-licensed system are described below.
· OCB requirement: as mentioned in [2], updated ETSI regulations permit temporal allowance of less than 80 % occupied channel bandwidth, with a minimum of 2 MHz for operation in the unlicensed spectrum. If we can exploit this exception, there is essentially no need to allocate wider than 2 MHz bandwidth to a UE. Meeting 2 MHz transmission bandwidth requirement is difficult for certain legacy NR uplink physical channel formats with contiguous resource allocation scheme, especially for smaller SCS. 
· PSD limitation: regulatory limitation on maximum allowed PSD per 1 MHz bandwidth imposes design restrictions for NR-unlicensed physical channels using contiguous allocation scheme. When contiguous PRBs are used for transmission, the total transmission power will be restricted by the PSD limit rather than the maximum transmit power limit, when the transmission bandwidth is not sufficiently wide. But since NR-unlicensed operation is primarily targeted for wider bandwidth, higher SCS is preferred. Power boosting gain as explained for distributed allocation scheme will make less of a difference in between distributed and contiguous allocation schemes at higher SCS, as illustrated in Figure 2.
[image: ]
Figure 2. Illustration of PRB sizes at different subcarrier spacing, with 1 MHZ as a reference 
· If legacy NR framework can be adopted as the baseline after meeting all regulatory requirements, minimal design effort needs to be invested in developing NR-unlicensed framework. Inclusion of channel access mechanism (required for ensuring fair co-existence with incumbent systems in unlicensed spectrum) would enhance the usability of legacy NR physical channels to unlicensed operation. To meet the 2 MHz occupied channel bandwidth requirement (temporal allowance), PRACH channels for NR need to be redesigned for L=839 sequence with 1.25 KHz SCS (i.e. PRACH formats 0, 1 and 2), and so as NR-PUCCH formats 0/1/4; but PUSCH and PRACH/PUCCH channels with other formats (e.g. PRACH with L=139 sequence and PUCCH formats 2/3) can be reused from legacy NR framework. Also, time-domain and code-domain UE multiplexing capabilities can be used from legacy NR physical channel framework to boost the multiplexing capacity of NR-unlicensed operation, while longer length duration of transmission in time may compensate for PSD limitation that limits transmit power in NR-unlicensed physical channel transmissions.
Based on the above discussion, enhancement of legacy NR uplink physical channel framework is beneficial for NR-unlicensed operation to exploit the temporal 2 MHz OCB allowed in [2], as also agreed in RAN1 [4]. Potential enhancements of various NR uplink physical channels are described in the following subsections.
Enhancements of NR PUCCH formats to enable unlicensed operation
NR framework defines 5 PUCCH formats, which can be categorized into two classes based on their frequency domain span:
1. Single-PRB transmission: three PUCCH formats, viz. formats 0/1/4 use single-PRB transmission.
2. Multi-PRB transmission: two PUCCH formats, viz. formats 2/3 use multi-PRB transmission. 

Potential enhancement scopes of each of these two categories of PUCCH formats are explored in the following subsections.
NR PUCCH formats 0/1/4
NR PUCCH formats 0/1/4 allow UE multiplexing in the code domain (using cyclic shift or OCC) and can span across 1 PRB in frequency domain. While format 0 can span 1~2 OFDM symbol(s) within a slot, formats 1/4 have a more dynamic timespan, with a range of 4~14 symbols within a slot. Formats 0/1 are intended to carry small payload size, e.g. 1~2 UCI bit(s), while format 4 is typically used to carry moderate UCI payload (> 2 bits). None of these formats, however, meet the OCB requirement of unlicensed domain, owing to their bandwidth limitation of less than 2 MHz, being limited to 1 PRB in frequency span. Moreover, due to regulatory PSD limitation of 10 dBm/1MHz, these formats in their legacy NR forms are severely restricted in transmit power due to 1 PRB frequency resource allocation, which is always less than 1 MHz in FR1. 
One feature of these three NR PUCCH formats may be relevant in the context of meeting OCB requirement, viz. frequency hopping. For PUCCH formats 1/4 and 2-symbol PUCCH format 0, intra-slot frequency hopping can be enabled or disabled by RRC configuration in NR. By enabling frequency hopping with sufficient hopping bandwidth, OCB requirement can be met over the duration of PUCCH transmission. This is applicable for other two PUCCH formats with multi-PRB transmission capability (i.e. PUCCH formats 2/3) as well. But, from the regulation perspective, whether meeting OCB over the aggregated transmission duration would be adequate or not is not clear.  Another way to enhance these formats for meeting OCB and boosting transmit power with PSD limitation is to allow more than 1 PRB allocation across frequency. Such enhancements, however, won’t be straightforward for these formats. One of the main challenges in enabling multi-PRB transmission for these PUCCH formats would be to keep PAPR low. PUCCH format 0, for example, is inherently sequence based transmission and repeated transmission of length-12 sequences on multiple PRBs across frequency would inevitably increase PAPR unless additional mechanisms (like cyclic shift or phase offset) are applied on the repeated sequences. Similar issue would surface for PUCCH format 1 (which uses length-12 sequences for DMRS and spreading sequence of UCI) and PUCCH format 4 (which uses length-12 sequence for DMRS) as well. Use of longer length, low PAPR sequence may be another option for enabling multi-PRB transmission of PUCCH formats 0/1/4, but the desired property of low cross-correlation between sequences may not be realizable especially at higher subcarrier spacing (e.g. 60 KHz in FR1) due to high frequency selectivity of the channel over which the long sequence is mapped. Additionally, multi-PRB transmission for PUCCH format 4 would require new pre-DFT OCC design, since in NR, length-12 pre-DFT OCCs were used for UE multiplexing. 
Overall, PUCCH formats 0/1/4 require non-negligible enhancements for enabling unlicensed operation and further study is required to determine whether the support of these formats would be essential for NR-unlicensed operation or not. On one hand, if interlace waveform is used for PUCCH format 3 to enable UE multiplexing, support of PUCCH format 4 would be redundant. On the other hand, if the other two PUCCH formats, i.e. PUCCH formats 0 and 1 are not supported in NR-unlicensed, additional design effort would be required to extend the support of PUCCH formats 2/3 to carry less than 2 UCI bit(s) and these formats are needed to be configured to transmit 1-bit HARQ-ACK before RRC connection in response to Msg 4 transmission during initial access (which only supports PUCCH formats 0/1 in NR). So there is a trade-off between supporting and not supporting PUCCH formats 0/1/4 in NR-unlicensed systems in terms of divergence from Rel-15 NR framework and additional design effort.
Observation 1 
Further study is required to determine whether the support of NR PUCCH formats 0/1/4 is essential for NR-unlicensed.
Observation 2
With enabled frequency hopping, 2-symbol NR PUCCH formats 0/2 and NR PUCCH formats 1/3/4 can meet OCB requirement for unlicensed operation over the duration of PUCCH transmission, if allowed by the regulation.
NR PUCCH formats 2/3
NR PUCCH formats 2/3 can span up to 16 PRBs across frequency domain. While format 2 can occupy 1~2 OFDM symbol(s) within a slot, format 3 has a more dynamic timespan, similar to formats 1/4 (i.e. 4~14 symbols within a slot). Both formats 2 and 3 are intended for carrying large UCI payload size (typically > 2 bits). In the legacy NR specification for PUCCH formats 2/3, a maximum number of PRBs (which can be up to 16) is configured via RRC to the UE while PUCCH resources are configured by gNB, but there is no notion of minimum number of PRBs that PUCCH formats 2/3 can occupy. Depending on the UCI payload size and configured maximum code rate, number of PRBs used for PUCCH format 2/3 transmission can be as small as 1 PRB. Since unlicensed operation with temporal allowance of not meeting regular OCB (i.e. 80%-100% of nominal channel bandwidth) requires at least 2 MHz transmission bandwidth, resource configurations for PUCCH formats 2/3 in unlicensed operation require an additional configuration of minimum number of PRBs so as to ensure OCB to be minimum 2 MHz, when temporal allowance can be used by regulation.  For 15/30/60 KHz SCS in FR1, the minimum number of PRBs required to meet 2 MHz OCB criteria is 12/6/3. 
Proposal 4
For NR PUCCH formats 2/3, the minimum number of PRBs is included in the specification to enable unlicensed operation, when temporal allowance of 2 MHz OCB is allowed by regulation.
· For 15/30/60 KHz subcarrier spacing in FR1, minimum number of PRBs is 12/6/3.

As discussed in section 3.1.1, enhancement of PUCCH formats 0/1 to support unlicensed operation has both pros and cons. The two unique features of these formats are UE multiplexing capability and support of 1~2 bit(s) of UCI payload which are not characteristics of PUCCH formats 2/3. Using interlace based waveform as explained in section 2, UE multiplexing capability can be extended to NR PUCCH formats 2/3. On the other hand, support of 1~2 bit(s) of UCI payload would also be essential for unlicensed operation, especially for SR only transmission or transmission of 1 –bit HARQ-ACK in response to Msg 4 during initial access. Both these two cases are currently supported by only PUCCH formats 0/1 in NR specification. Since NR PUCCH formats 2/3 support >2 UCI bits (typically CSI reports with or without HARQ-ACK and/or SR), further enhancements are required to enable SR only transmission or 1-2 bit(s) HARQ-ACK transmission using these formats. One straightforward way to support 1~2 bit(s) of UCI transmission is to use zero padding to make the UCI payload at least 3 bits and then use the existing coding scheme in NR to encode the zero padded UCI bits for transmission using PUCCH formats 2/3. Moreover, for SR only transmission, instead of using on-off keying as used in NR PUCCH formats 0/1, an explicit bit ‘0’ or ‘1’ can be transmitted (with zero padding) to indicate ‘negative’ or ‘positive’ SR using PUCCH formats 2/3. Alternatively, simplex code as in legacy NR-PUSCH can be used to carry small payload using PUCCH formats 2/3.
Proposal 5
Enhance NR PUCCH formats 2/3 to support distributed frequency allocation (interlace based) in addition to legacy contiguous frequency allocation.
Proposal 6
To support 1~2 bit(s) of UCI transmission using NR PUCCH formats 2/3, consider one of the following two options:
· Option-1: use zero padding to make the UCI payload size at least 3 bits and use the same encoding scheme used for legacy NR PUCCH formats 2/3.
· For SR only transmission, an explicit bit ‘0’ or ‘1’ can be transmitted (after zero padding) using NR PUCCH formats 2/3 to indicate ‘negative’ or ‘positive’ SR.
· Option-2: use simplex code to handle small payload using NR PUCCH formats 2/3, similar to legacy NR-PUSCH.
Enhancements of NR-PRACH formats to enable unlicensed operation
 NR PRACH sequences are based on Zadoff-Chu (ZC) sequence and two different sequence lengths are supported, viz. L = 839 (long) and L = 139 (short). While long sequences support SCS of 1.25 KHz (formats 0/1/2) and 5.0 KHz (format 3), short sequences (formats A1-A3/B1-B4/C0/C2) support SCS of 15 and 30 KHz in FR1. Time and frequency domain spans of various PRACH preamble formats are shown in Tables 3 and 4, where NOS denotes the number of OFDM symbols and NRB denotes the number of PRBs that a PRACH preamble format occupies in time and frequency.
Table 3. NR PRACH preamble formats based on short and long sequences in FR1 (time domain configuration)
	Format
	0
	1
	2
	3
	A1
	A2
	A3
	B1
	B2
	B3
	B4
	C0
	C2

	NOS
	1
	2
	4
	1
	2
	4
	6
	2
	4
	6
	12
	1
	4


Table 4. NR PRACH preamble formats based on short and long sequences in FR1 (frequency domain configuration)
	Sequence length (L)
	SCS for PRACH (KHz)
	SCS for PUSCH (KHz)
	Allocation expressed in NRB for PUSCH
	Guard subcarriers
	Guard subcarriers in lower side ()
	Bandwidth (without guard subcarriers) (MHz)

	839
	1.25
	15.0
	6
	25
	7
	1.05 < 2 

	839
	1.25
	30.0
	3
	25
	1
	1.05 < 2 

	839
	1.25
	60.0
	2
	313
	133
	1.05 <2 

	839
	5.0
	15.0
	24
	25
	12
	4.20 >2 

	839
	5.0
	30.0
	12
	25
	10
	4.20 >2 

	839
	5.0
	60.0
	6
	25
	7
	4.20 >2 

	139
	15.0
	15.0
	12
	5
	2
	2.09 >2 

	139
	15.0
	30.0
	6
	5
	2
	2.09 >2 

	139
	15.0
	60.0
	3
	5
	2
	2.09 >2 

	139
	30.0
	15.0
	24
	5
	2
	4.17 >2 

	139
	30.0
	30.0
	12
	5
	2
	4.17 >2 

	139
	30.0
	60.0
	6
	5
	2
	4.17 >2 


From the last column of Table 4, it is evident that all NR short PRACH formats (L = 139) satisfy temporal 2 MHz OCB requirement in the legacy NR form, whereas except format 3, no other long PRACH format (formats 0/1/2 with L = 839) meets the 2 MHz minimum OCB requirement. Since the usage of unlicensed spectrum has been primarily targeted for small to normal cell scenarios due to the limited maximum transmission power by regulations, it is to be further studied to determine whether the support of long PRACH formats (which are mainly intended for coverage enhancement or high speed use cases) is essential for NR-unlicensed. Also, from the perspective of multiplexing various uplink channels, short PRACH would be more preferable than long PRACH, owing to its support of SCS similar to other physical channels (PUCCH/PUSCH). Therefore, we propose to support only NR short PRACH formats as the baseline for NR-unlicensed spectrum.
Proposal 7
Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Observation 3 
Except format F3 (SCS=5.0 KHz), no other NR long PRACH formats (L =839 and SCS=1.25 KHz) meet temporal 2 MHz OCB requirement.

To meet the 80% occupied channel bandwidth (OCB) regulation and exploit the PSD requirement of 10 dBm/1MHz to boost transmit power, interlace based waveform design can be considered for physical uplink data/control channels and signals (PUSCH/PUCCH and associated DMRS) transmission, as discussed in section 2. Similar to PUSCH/PUCCH, interlace based design can be a candidate waveform for PRACH to meet the OCB regulation as well. From FDM-based user multiplexing standpoint, a unified interlace based waveform for all NR physical uplink channels might be beneficial too. But in addition to user multiplexing or multiplexing with other uplink channels, PRACH design should also consider other aspects like timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power etc., as agreed in the RAN1 meeting [4]. In particular, timing estimation accuracy is one of the most critical properties of PRACH that should be prioritized while comparing different candidate PRACH enhancement options to meet 80% OCB requirement (if mandated by regulation). 

As shown in [7], PRB based uniform interlace design has much lower timing estimation accuracy, compared to contiguous PRB allocation as used for legacy PRACH. Thus, to improve the timing estimation accuracy, legacy NR PRACH structure with contiguous PRB allocation can be enhanced to meet 80% OCB, if mandated by regulation. In particular, NR short PRACH sequence (L=139) can be repeatedly mapped across contiguous RBs, while applying different cyclic shifts and/or different phase rotations on each repetitions to keep the PAPR low. 

Also, to compensate for the transmission power limitation that arises due to PSD regulation of unlicensed spectrum [2], PRACH can be configured by gNB with longer duration in time. 

If frequency multiplexing of PRACH and interlaced transmission (e.g. interlace based PUCCH/PUSCH) is supported, the REs of the interlaced structure that overlap with PRACH resources need to be reserved, i.e. the UE scheduled with interlaced transmission will not transmit on the REs that are allocated for PRACH transmission of other UEs. 

Proposal 8

Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Proposal 9
If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH/PUCCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs.
Observation 4 
To compensate for the transmission power limitation of contiguous RB allocation, PRACH transmission in time domain can be configured with longer duration.
Enhancements of NR SRS to enable unlicensed operation
NR supports both periodic and aperiodic SRS transmissions. However, due to the possibility of LBT contention, periodic transmission is not preferred in unlicensed operation. Similar to eLAA, we propose to support only aperiodic SRS transmission, triggered by DCI in NR-unlicensed operation, to increase the opportunity of SRS transmission.
The baseline of SRS structure in time domain can be based on NR-SRS, i.e. SRS can be of 1, 2 or 4 symbol durations in time and the starting symbol can be any of the last 6 symbols in a subframe where SRS is configured. Time domain SRS resource configuration can be further enhanced to reduce LBT contention and increase SRS transmission opportunity, in case SRS transmission is blocked due to LBT. For example, when aperiodic SRS is triggered via DCI, gNB can configure multiple SRS time domain resource sets, each with different starting symbol locations, so that if the UE can’t transmit SRS due to LBT failure, UE can re-attempt to access the channel within the same subframe in a later symbol. To reduce the blind decoding burden at LBT, gNB can configure UE with maximum 2~3 time domain SRS resources, each having a different starting symbol and same/different durations, so that if UE’s attempt of accessing channel fails at the earliest configured starting symbol, UE can perform another LBT at a later symbol within the same subframe and if succeeds, can still transmit SRS in the same subframe it was configured for aperiodic SRS transmission, triggered by DCI.
In NR, the minimum sounding bandwidth for SRS transmission can be 4 PRBs and for other sounding bandwidth configurations, it would always be a multiple of 4 PRBs. To enable unlicensed operation, however, the minimum sounding bandwidth needs to be such that it meets the OCB requirement. For example, with temporal 2 MHz OCB allowance, the minimum sounding bandwidth should be 12/8/4 (multiples of 4) for SCS of 15/30/60 KHz. 
For wideband SRS, the OCB requirement is not an issue anymore but the probability of LBT success can be enhanced by exploiting the unit 20 MHz LBT allowance. That is, if aperiodic SRS in configured with multiple frequency domain resources, each corresponding to a unit 20 MHz bandwidth chunk within the sounding bandwidth, then UE can perform LBT individually on each unit 20 MHz chunk instead of performing one single LBT on the entire wideband, thus increasing the LBT success probability. If UE succeeds on one (or more) of the bandwidth chunks and fails on other(s) (for example, for sounding bandwidth of 60 KHz, UE may succeed LBT on one 20 MHz chunk but fails in other two), UE can dynamically adapt the bandwidth of the SRS transmission based on the LBT outcome and still transmit SRS in the same subframe, instead of aborting the entire transmission due to LBT failure in case a single LBT is attempted on the entire wide bandwidth.
For LBT mechanism, NR-U can adopt the same SRS LBT mechanism as used in eLAA. If SRS is configured without PUSCH for an UE, the LBT type is not explicitly signaled to the UE. In this case, UE performs 25 μs single-interval LBT if the SRS transmission is within the MCOT shared by gNB to the UE. Otherwise, UE uses Category 4 LBT with priority class 1 for SRS transmission.
Proposal 10 
Support only aperiodic SRS triggered by DCI to combat LBT contention in NR-unlicensed operation.
Proposal 11
Increase the minimum sounding bandwidth of SRS in the specification to enable unlicensed operation, when temporal allowance of 2 MHz OCB is allowed by regulation.
· For 15/30/60 KHz subcarrier spacing in FR1, minimum sounding bandwidth (in multiples of 4PRBs) is 12/8/4. 
Proposal 12
Adopt the LBT method for SRS transmission as follows:
· Within TxOP: No LBT if the gap between the SRS transmission and the end of preceding DL transmission is within 16 μs, or subject to single-interval LBT.
· Outside TxOP: Subject to Cat. 4 LBT with priority class 1.
Proposal 13
For wideband SRS, NR-unlicensed supports multiple SRS resource configurations in the frequency domain.
· UE performs LBT on each unit 20 MHz bandwidth within the sounding band and dynamically adapt SRS transmission bandwidth depending on LBT outcome. 
Proposal 14
To increase SRS transmission opportunity in NR-unlicensed, support multiple starting symbol configurations within time domain resource configured by gNB for aperiodic SRS transmission. 
Proposal 15
If SRS is configured without PUSCH for an UE, the LBT type is not explicitly signaled to the UE. UE adopts the LBT method for SRS transmission without PUSCH as follows:
· Within TxOP: UE performs 25 μs single-interval LBT. 
· Outside TxOP: UE uses Category 4 LBT with priority class 1.
Conclusion
In this contribution, we have discussed the regulations for NR-unlicensed operation and its impact on the design considerations for uplink physical channels operating in NR-unlicensed spectrum. In this context, we have compared two candidates as potential baseline configuration of NR-unlicensed uplink physical channels, viz. interlace based distributed resource allocation scheme similar to legacy LTE eLAA and contiguous allocation scheme as in legacy Rel-15 NR-licensed design with potential enhancements. Based on our discussion, we make the following observations and proposals.
Proposal 1
Support a unified PRB based interlace design for NR-unlicensed uplink physical data and control signals/channels for efficient multiplexing.
Proposal 2
For PRB based interlace, down-select nominal number of PRBs per interlace (N) = 12 for all numerologies in FR1.
· Unused PRBs, if any, can be assigned non-uniformly among few of the interlaces to improve transmission bandwidth utilization, when applicable.
Proposal 3
· For carriers with bandwidth larger than 20 MHz, retain same interlace spacing for all interlaces regardless of carrier BW (i.e. Alt-1).
Proposal 4
For NR PUCCH formats 2/3, the minimum number of PRBs is included in the specification to enable unlicensed operation, when temporal allowance of 2 MHz OCB is allowed by regulation.
· For 15/30/60 KHz subcarrier spacing in FR1, minimum number of PRBs is 12/6/3. 
Proposal 5
Enhance NR PUCCH formats 2/3 to support distributed frequency allocation (interlace based) in addition to legacy contiguous frequency allocation.
Proposal 6
To support 1~2 bit(s) of UCI transmission using NR PUCCH formats 2/3, consider one of the following two options:
· Option-1: use zero padding to make the UCI payload size at least 3 bits and use the same encoding scheme used for legacy NR PUCCH formats 2/3.
· For SR only transmission, an explicit bit ‘0’ or ‘1’ can be transmitted (after zero padding) using NR PUCCH formats 2/3 to indicate ‘negative’ or ‘positive’ SR.
· Option-2: use simplex code to handle small payload using NR PUCCH formats 2/3, similar to legacy NR-PUSCH.

Proposal 7

Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.

Proposal 8

Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.
Proposal 9
If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH/PUCCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs.
Proposal 10 
Support only aperiodic SRS triggered by DCI to combat LBT contention in NR-unlicensed operation.
Proposal 11
Increase the minimum sounding bandwidth of SRS in the specification to enable unlicensed operation, when temporal allowance of 2 MHz OCB is allowed by regulation.
· For 15/30/60 KHz subcarrier spacing in FR1, minimum sounding bandwidth (in terms of multiples of 4PRBs) is 12/8/4. 
Proposal 12
Adopt the LBT method for SRS transmission as follows:
· Within TxOP: No LBT if the gap between the SRS transmission and the end of preceding DL transmission is within 16 μs, or subject to single-interval LBT.
· Outside TxOP: Subject to Cat. 4 LBT with priority class 1.
Proposal 13
For wideband SRS, NR-unlicensed supports multiple SRS resource configurations in the frequency domain.
· UE performs LBT on each unit 20 MHz bandwidth within the sounding band and dynamically adapt SRS transmission bandwidth depending on LBT outcome. 
Proposal 14
To increase SRS transmission opportunity in NR-unlicensed, support multiple starting symbol configurations within time domain resource configured by gNB for aperiodic SRS transmission.
Proposal 15
If SRS is configured without PUSCH for an UE, the LBT type is not explicitly signaled to the UE. UE adopts the LBT method for SRS transmission without PUSCH as follows:
· Within TxOP: UE performs 25 μs single-interval LBT 
· Outside TxOP: UE uses Category 4 LBT with priority class 1.
Observation 1 
Further study is required to determine whether the support of NR PUCCH formats 0/1/4 is essential for NR-unlicensed.
Observation 2
With enabled frequency hopping, 2-symbol NR PUCCH formats 0/2 and NR PUCCH formats 1/3/4 can meet OCB requirement for unlicensed operation over the duration of PUCCH transmission, if allowed by the regulation.
Observation 3 
Except format F3 (SCS=5.0 KHz), no other NR long PRACH formats (L =839 and SCS=1.25 KHz) meet temporal 2 MHz OCB requirement.

Observation 4 
To compensate for the transmission power limitation of contiguous RB allocation, PRACH transmission in time domain can be configured with longer duration.
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7.2.1.2	Physical layer channel designs
For physical layer channel design, NR design will be used as baseline, and the following potential design changes are to be studied to support the following channels/signals in NR-U.
-	PDCCH/PDSCH
-	PUCCH/PUSCH
-	PSS/SSS/PBCH
-	PRACH
-	DL and UL reference signals applicable to the operational frequency range
For SS/PBCH block transmission, extended CP is not supported for NR-U operation. [Editor notes: This is a working assumption and will be confirmed if there is no issue identified in terms of coverage and delay spread]
For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:
-	There are no gaps within the time span the signal is transmitted at least within a beam
-	The occupied channel bandwidth is satisfied (although this may not be a requirement)
-	Strive to minimize the channel occupancy time of the signal
-	Characteristics that may facilitate fast channel access
Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
-	Meeting OCB requirement
-	Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
-	Support of stand-alone NR-U deployments
-	Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
-	Resolution of PCI confusion in an NR-U deployment
The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.
For UL waveform for PUSCH, PUCCH, and PRACH, it has been identified that an interlaced waveform can have benefits in some scenarios including link budget limited cases with given PSD constraint, and as one option to efficiently meet the occupied channel bandwidth requirement. 
On the other hand, it is RAN1's understanding 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. Therefore, a waveform contiguous in frequency may be adequate in some scenarios, which implies that Release 15 NR contiguous allocation designs can be used for NR-U as well.
Support for Rel-15 NR PUSCH can be considered. However, it has been identified that block-interlaced based PUSCH can be beneficial.
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 is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation. Exclusion of the support of certain formats is to be identified. 
It is identified that Rel-15 NR PUCCH formats 0, 1 and 4 which are based on single PRB do not meet the 2 MHz minimum occupied bandwidth requirement. On the other hand, it is identified that Rel-15 NR PUCCH formats 2 and 3 meet the 2 MHz bandwidth requirement (if allowed by regulation) if they are configured with minimum number of PRBs as 12/6/3 corresponding to 15/30/60 KHz SCS.
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. For the block interlace waveform design for PUCCH, the following aspects can be considered:
-	Flexible number of OFDM symbols
-	Flexible payload size
-	User multiplexing
-	Number of formats
- 	Supported waveform (CP-OFDM/DFT-s-OFDM)
It is identified that enhancement of one or more Rel-15 NR PUCCH formats can be beneficial to support frequency allocation based on PRB based block interlace waveform. Further discussion is required to down-select Rel-15 NR-PUCCH format(s) that can be considered as the baseline for the design of enhanced PUCCH format(s) to support interlace based waveform. 
It is identified that for coding of UCI payload, Rel-15 NR PUCCH formats 2 or 3 can be enhanced to support small payload size (1~2 UCI bit(s)) either by zero padding or by using simplex code as used in Rel-15 NR PUSCH.
Support for Rel-15 NR PRACH formats can be considered, however, not necessarily all Release 15 NR PRACH formats are applicable to NR-U. It is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation. Exclusion of the support of certain formats is to be identified. It is identified that Rel-15 NR PRACH formats of length L = 139 meet minimum 2 MHz bandwidth requirement.  Further, it is identified that Rel-15 NR PRACH formats of length L = 839 do not meet the minimum 2 MHz bandwidth requirement with 1.25 MHz SCS.
It is identified that interlaced based PRACH can be beneficial. The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
-	Interlacing based on PRB or REs
-	Targeted cell sizes
-	Targeted PRACH capacity
-	Targeted false alarm and detection rates
-	Targeted timing estimation accuracy
-	Number of formats
-	Multiplexing with other channels such as block interlaced PUCCH and PUSCH
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.
On the other hand, for scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH. To satisfy the OCB requirement, Rel-15 NR-PRACH formats of length L = 139  can be repeated across frequency domain with potentially additional mechanisms applied on top of the repeated sequences (e.g. different cyclic shifts or phase rotations etc.) to maintain low PAPR. To support frequency domain multiplexing of contiguous PRACH and interlaced PUSCH/PUCCH, one potential option may be that the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs. 
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. One identified benefit is better link budget with given PSD constraint. However, it has been observed that power boosting gains decrease with increasing SCS. Another identified benefit is as one option to efficiently meet the occupied channel bandwidth requirement. Compared with sub-PRB interlace design, the PRB-based block-interlace design has comparatively less specification impact.
For sub-PRB block interlace designs, in some scenarios, sub-PRB block interlacing can be beneficial in terms of power boosting. However, the sub-PRB block interlace design has at least the following specification impacts: Reference signal design (e.g., DMRS); Channel estimation aspects; Resource allocation.
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
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 for 60 kHz SCS depending on supported interlace design.
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. 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.
[bookmark: _GoBack]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). For the down-selection of the values M, N, occupied channel bandwidth requirement needs to be considered.

	SCS
	M
	N

	15 kHz
	12
	8 or 9

	
	10
	10 or 11

	
	8
	13 or 14

	30 kHz
	6
	8 or 9

	
	5
	10 or 11

	
	4
	12 or 13

	60 kHz
	4
	6

	
	3
	8

	
	2
	12

	60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth)
	4
	6 or 7

	
	2
	13

	
	3
	8 or 9



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).
It has been identified that support of different numerology candidates at least has the following specification impacts:
-	For PRB-based block-interlace design for 15, 30, and 60 kHz SCS, the following spec impacts have been identified: Number of interlaces and number of PRBs per interlace need to be defined; the resource allocation mechanism needs to be defined; channel estimation aspects need to be considered, such as impact on PRG. In addition to the above impact, for sub-PRB-based block-interlace design for 60 kHz SCS, reference signal design (such as DMRS) needs to be revisited and alternative resource allocation mechanism is needed.
-	For NR-U DRS design for 15 and 30 kHz SCS, the SS/PBCH block time domain pattern is already supported in Rel-15. For 60 kHz SCS, there is no SS/PBCH block time domain pattern defined in Rel-15. SS/PBCH block to CORESET configuration tables (38.213 Section 13) need to be defined as well.
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