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1. Introduction

In previous meeting, the following agreements were made for UL signals and channels of NR-U. An interlaced waveform was identified as beneficial for UL. Based on the agreements, we would like to discuss the interlace structure for NR-U in this contribution.

Agreement:
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 

· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

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
2. Discussion

In the last meeting, non-uniformed interlace structure (the number of RBs per interlace is allowed to be different for different interlaces) has been identified as beneficial for spectrum utilization, due to the number of RBs for each system bandwidth and subcarrier spacing is difficult to design uniform interlaces. The exact number of interlaces (M) and the nominal number of RBs per interlace (N) are left for further study. We found that based on the already agreed “NR-U operating bandwidth is an integer multiple of 20MHz” and the transmission bandwidth configuration NRB [Table 5.3.2-1, 38.101-f20], there may be two optional interlace structure designs for wider bandwidth operation which may result in different values of M and N.
Option 1, RBs in one interlace spaced equally in wideband. 

Option 2, RBs in one interlace spaced equally in each 20MHz subband.
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Figure 1 Two optional interlace structure designs for wideband operation

Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	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
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135


For wideband operation, there may be two approaches under the discussion:

Approach 1: Carrier aggregation with 20MHz component carrier. 

Approach 2: Bandwidth includes multiple 20MHz for a component carrier. 

For approach 1, there is no obvious different between these two optional interlace structure, because each 20MHz component carrier is scheduled independently. But for approach 2, the value of N (the number of RBs in one interlace) and RBs distribution in one interlace is different between these two options, an example is shown in figure 2, 30kHz SCS, 40MHz bandwidth, assuming number of interlaces M=10. N=11 or 10 in option 1, such as interlace 0 includes 11RBs (RB 0, 10…90, 100) and interlace 10 includes 10RBs (RB 9, 19… 89, 99); N=12 or 10 in option 2, such as interlace 0 includes 12RBs (RB 0, 10…93, 103) and interlace 10 includes 10RBs (RB 9, 19… 92,102).
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Figure 2 Example of 30kHz SCS, 40MHz bandwidth, number of interlaces M=10
Proposal 1: Prior to discuss the value M (number of interlaces) and N (nominal number of RBs per interlace), it should identify which interlace structure is beneficial for wideband operation in NR-U.

Option 1: RBs in one interlace spaced equally in wideband.
Option 2: RBs in one interlace spaced equally in each 20MHz subband.
Compared with approach 1, it has some benefits to further support approach 2 in NR-U such as it can save the component carrier activation and deactivation time delay, and can reduce the control signaling overhead since the scheduling mechanism of CA is each component carriers is scheduled by separate DCI. When design interlace structure for approach 2 one component carrier wideband operation, the case LBT succeed in part of the operated bandwidth should be taken into consideration. 
It can be observed that the number of RBs of one interlace in each subband may be un-even in option 1, as in the example the interlace 4-10 each includes 11 RBs that 5 in subband 1 and 6 in subband 2, but the interlace 0, 1, 2 each includes 10 RBs and 5 RBs in each subband. Due to LBT is performed in units of 20MHz, there may need to specify the scheduled TB(s)/CB(s) allocation scheme in each subband, then when the transmission in one 20MHz subband is failed due to LBT failure, gNB can know how much data did not be transmitted and re-schedule resources for it. Scheduling separate TB/CB for each subband may be a solution. Option 2 have a scalable interlace structure for each subband, but the frequency distance between two adjacent RBs located in each side of subband boundary (e.g., RB50 and RB53) may be narrow than others, therefore it should be designed carefully to consider RBs near subband boundary can fulfill the PSD limitation. Accordingly, determine an interlace structure applied for one component wideband operation should consider the influence of subband LBT for TB/CB (re)scheduling in addition to the OCB and PSD limitation.  
Proposal 2: An interlace structure design for one component carrier wideband operation should consider the influence of subband LBT for TB/CB (re)scheduling in addition to the OCB and PSD limitation.

3. Conclusion
Proposal 1: Prior to discuss the value M (number of interlaces) and N (nominal number of RBs per interlace), it should identify which interlace structure is beneficial for wideband operation in NR-U.

Option 1: RBs in one interlace spaced equally in wideband.
Option 2: RBs in one interlace spaced equally in each 20MHz subband.
Proposal 2: An interlace structure design for one component carrier wideband operation should consider the influence of subband LBT for TB/CB (re)scheduling in addition to the OCB and PSD limitation.
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