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1. Introduction

In RAN1#93 meeting, the following agreements [1] were made for UL signals and channels of NR-U. An interlaced waveform is identified as beneficial for UL. Based on the agreements, we would like to discuss the interlace structure for NR-U in this contribution.
Agreement:
· An interlaced waveform can have benefits in some scenarios including

· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios

· To inherit legacy contiguous allocation designs.
Note: 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.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· 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
2. Discussion
As noted in the agreements, an interlaced waveform can have benefits in some scenarios including:
·  Link budget limited cases with given PSD constraints
·  As one option to efficiently meet the occupied channel bandwidth requirement. 

In many cases, the PSD constraint is expressed with a resolution bandwidth of 1 MHz. For example, ETSI 301 893 limits 10 dBm/MHz for 5150-5350 MHz and 17 dBm for 5470-5725 MHz. For the OCB requirement, it requires the bandwidth with 99% of the power of the signal shall be between 80%~100% of the Nominal Channel Bandwidth [2]. 
An interlaced waveform allows UEs to transmit the signal with higher power and meet the OCB requirement even when the scheduled bandwidth is small, which is a usual case for UL. 

In LTE, the RB-based interlace structure for a UL carrier with 20 MHz is defined as shown in Figure 1. 100 RBs with SCS of 15 kHz are available for the 20 MHz carrier. The 100 RBs are divided into 10 interlaces, each of them includes 10 discrete RBs, e.g. the interlace 0 includes RBs 0, 10, 20, …, 90. The gap between two neighboring RBs in an interlace is 9 RBs. Based on the interlace structure, the resources allocated to a UE are in unit(s) of interlace. 
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Figure 1. Example of interlace structure in LTE-LAA

Different from LTE-LAA, NR-U may support a larger SCS, e.g. 30 kHz, 60 kHz, inherited form NR. A larger SCS may be beneficial for flexible starting positions for NR-U [3]. For large SCS, the Sub-RB based interlace structure is beneficial for better power utilization under the PSD limit. As the SCS increases, the bandwidth of a RB becomes larger. If still using the RB-based interlaced structure, the maximum transmission power for a sub-carrier would decrease with a single scheduled interlace, resulting in lower SINR and worse coverage. For example, for SCS= 60 kHz, one RB occupies 720 kHz, which is close to 1 MHz. There is very little benefit for higher transmission power based on the RB-based interlaced structure.

However, given same SCS and number of sub-carriers in an interlace, the ICI issue for the Sub-RB based interlace structure would be more serious than that for the RB-based interlace structure. The number of sub-carriers in a Sub-RB needs to be further studied considering the trade-off between coverage under the PSD limit and ICI.
Proposal 1: NR-U needs to support a sub-RB based interlace structure if a large SCS (e.g. 30, 60 kHz) is adopted.
· Further study the number of sub-carriers in a sub-RB considering trade-off between coverage under the PSD limit and ICI.

The maximum number of available PRBs supported in NR are given in Table 1[4]. The variable number of RBs/sub-carriers for different bandwidth sizes and SCSs may not be always divisible by the number of interlaces. Uneven interlace structure would be beneficial for higher spectrum efficiency. Taking 20 MHz/15 kHz as an example, up to 106 RBs are supported, which is different from 100 RBs in LTE-LAA. Assuming 10 interlaces as in LTE-LAA, each of 6 interlaces can include 11 RBs, and each of the rest interlaces includes 10 RBs. 
Table 1 - Maximum number of available PRBs for different bandwidth sizes and SCSs

	SCS [kHz]
	5

MHz
	10

MHz
	15

MHz
	30

MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

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

	30
	11
	24
	38
	[78]
	51
	65
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	[38]
	24
	31
	51
	65
	79
	[93]
	107
	[121]
	135


Proposal 2: An uneven interlace structure, in which the number of RBs/sub-carriers in different interlaces can be different, should be supported for higher spectrum efficiency.
3. Conclusions
In this contribution, the interlace structure for NR-U is discussed. Accordingly, we have following proposals. 
Proposal 1: NR-U needs to support a sub-RB based interlace structure if a large SCS (e.g. 30, 60 kHz) is adopted.
· Further study the number of sub-carriers in a sub-RB considering trade-off between coverage under the PSD limit and ICI.
Proposal 2: An uneven interlace structure, in which the number of RBs/sub-carriers in different interlaces can be different, should be supported for higher spectrum efficiency.
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