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1	Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
This contribution deals with interlace structures for NR-U. The following agreements were made in RAN1#94 [2]:

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

In this contribution we evaluate the maximum achievable UE Tx power for different interlace structures. We discuss uplink signal and channel structures in more details in an accompanying contribution [3].
2	NR interlace structures
It was agreed in RAN1#92bis that “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”. This indicates that in the case of wideband operation, frequency domain resources may be allocated with the granularity of 20 MHz. 
It was agreed in RAN1#94 that “it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS”. For different PUCCH scenarios, interlace structure designed for 20 MHz sub-band is a natural choice. In order to minimize the spectrum fragmentation for PUSCH, it may be preferable to concentrate all interlace -based transmissions (such as PUSCH with small data rate and long PUCCH) within one 20 MHz sub-band. This maximizes the opportunities for localized (wideband) transmission for other portions of the wideband carrier (including guard band between different 20 MHz sub-bands). On the other hand, interlace structure with 20 MHz bandwidth can already fulfill the regulatory rules related to OCB, and provide sufficient transmission power under constrained PSD. 
Proposal 1: NR interlace structure is designed for 20 MHz sub-band.

Interlace design for 20 MHz sub-band: 

When the subcarrier spacing increases, the number of PRBs per given frequency band decreases. For example, with 60 kHz SCS, the number of PRBs available per 20 MHz sub-band is around 24. In this scenario, it is not possible to have interlace design fulfilling the OCB rule, and providing at the same time sufficient multiplexing capacity with a design based on cluster size of 1 PRB. Hence, in these cases, interlace design must be based on usage of partial PRBs. Otherwise, either Tx power and/or multiplexing capacity is insufficient. 

Proposal 2: For 60 kHz subcarrier spacing, support interlace structure where cluster size is a fraction of PRB.

It was agreed in RAN1#94 that “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”. In the following, we consider interlace design applicable to 20 MHz sub-band(s). The proposed interlace structures are shown in Figure 1 and parameters in Table 1, respectively. 
· 15 kHz sub-carrier spacing follows a PRB-based design defined for LTE LAA (Figure 2a)
· M=10 (number of interlaces)
· N=10 (nominal number of PRBs per interlace)
· Figure 2b illustrates the structure proposed for 30 kHz and 60 kHz cases.
· M=5 (number of interlaces)
· 30 kHz: a PRB based design with N=10 (nominal number of PRBs per interlace)
· 60 kHz: sub-PRB structure with 10 equally-spaces clusters of 6 REs (5 full PRBs)
· The interlace structure covers 18 MHz bandwidth. Bandwidth occupancy of single interlace is >82% (/20 MHz). Hence, the design is compatible with the ETSI OCB rule. 
· This design benefits from 10 dB power boost compared to a narrowband transmission (such as 1 PRB transmission).

Proposal 3: Supports the following interlace structures for NR-U operating at 5 GHz spectrum and 20 MHz sub-band:
· 15 kHz: 10 interlaces (M=10), each having 10 (N=10) equally-spaced clusters of 180 kHz (12 REs)
· 30 kHz: 5 interlaces (M=5), each having 10 (N=10) equally-spaced clusters of 360 kHz (12 REs)
· 60 kHz: 5 interlaces (M=5), each having 10 (N=10) equally-spaced clusters of 360 kHz (6 REs). 
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a) 15 kHz subcarrier spacing
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b) 30 kHz and 60 kHz subcarrier spacing



Figure 1. Proposed interlace structures.

Table 1. Parameters for proposed interlaced structures
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3	Simulation results
In the following we investigate the maximum achievable Tx power for different interlace structures depicted in Section 2. Figure 2 below shows the four simulation cases:
· Subcarrier spacing: [15, 30] kHz
· Cluster size: 1 PRB
· Number of interlaces:
· 15 kHz: 10 interlaces, each having 10 equally spaced clusters 
· 30 kHz: 5 interlaces, each having 10 equally spaced clusters.

[image: ]
Figure 2. Simulation cases.

In the simulations, we consider both CP-OFDM and DFT-S-OFDM waveforms. The simulation assumptions are according to RAN4 minimum requirements and RF impairments that have been used for NR. The Power Amplifier model is based on a measured PA. 
Figure 3 shows a spectrum emission simulation with CP-OFDM, 30 kHz SCS, and QPSK modulation, against the ETSI emission mask and 10 dBm/MHz PSD limit. It can be seen that the CP-OFDM output power is limited by the 10 dBm/MHz PSD limit, and that there is some margin to the emission mask (2.3 dB) and NR-ACLR (1.2 dB).

[image: ]
Figure 3. Tx spectrum w.r.t. ETSI SEM: 1 interlace, CP-OFDM, 30 kHz SCS, and QPSK modulation.

Comparison of different DFT-s-OFDM and CP-OFDM waveforms with a single 15 or 30 kHz interlace are shown in Figure 4, against ETSI and LTE masks, with 10 dBm/MHz and 11 dBm/MHz PSD limits respectively.
[image: ][image: ]
Figure 4. Tx spectrum w.r.t. ETSI SEM (left) and LTE SEM (right).

The full set of simulation results are shown in Table 2 below. The achievable output power in dBm is listed for each simulated waveform. Also, a second PA model was used, and the results were very similar and did not have significant difference.
Table 2. Simulation results
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It can be noted that proposed interlace structures can provide reasonably high Tx power especially when all interlaces are used. In this case, maximum Tx power is limited by ACLR (30 dB).
· The maximum Tx power depend on the waveform used: DFT-S-OFDM provides approximately 2.2 dB higher Tx power compared to that of CP-OFDM when all interlaces are used. On the other hand, it is quite unlikely to have QPSK as the modulation scheme for uplink transmission in this scenario.
· The maximum Tx power does not depend on the subcarrier spacing.

When only one interlace allocated, then Tx power is limited by PSD (instead of ACRL). It can be noted that in this case the maximum achievable Tx power is the same for DFT-S-OFDM and CP-OFDM. Based on that, it makes sense to consider CP-OFDM as the primary uplink waveform for NR-U.
Observation 1: Subcarrier spacing does not impact to the maximum achievable transmit power when the interlace structures (i.e. the cluster size, as well as the number of clusters) remain unchanged.
Observation 2: With one interlace, there is no difference in Tx power between DFT-S-OFDM and CP-OFDM 
Proposal 4: Consider CP-OFDM as the primary uplink waveform for NR-U.
4. Conclusions
In this contribution, we have we evaluated the maximum achievable UE Tx power for different interlace structures. Based on the discussion, we make the following observations and proposals:
Observation 1: Subcarrier spacing does not impact to the maximum achievable transmit power when the interlace structures (i.e. the cluster size, as well as the number of clusters) remain unchanged.
Observation 2: With one interlace, there is no difference in Tx power between DFT-S-OFDM and CP-OFDM 
Proposal 1: NR interlace structure is designed for 20 MHz sub-band.
Proposal 2: For 60 kHz subcarrier spacing, support interlace structure where cluster size is a fraction of PRB.
Proposal 3: Supports the following interlace structures for NR-U operating at 5 GHz spectrum and 20 MHz sub-band:
· 15 kHz: 10 interlaces (M=10), each having 10 (N=10) equally-spaced clusters of 180 kHz (12 REs)
· 30 kHz: 5 interlaces (M=5), each having 10 (N=10) equally-spaced clusters of 360 kHz (12 REs)
· 60 kHz: 5 interlaces (M=5), each having 10 (N=10) equally-spaced clusters of 360 kHz (6 REs) 
Proposal 4: Consider CP-OFDM as the primary uplink waveform for NR-U.
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