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1	Introduction
In the RAN4 NR ad-hoc meeting in June, [1] presented scenarios in which non-contiguous uplink resource allocation will benefit NR for wider bandwidth operation. This document further elaborates this topic.
[bookmark: _Toc286177644]2	Discussion
The motivation for non-contiguous uplink resource allocation comes from the scenario, in which some UE only uses part of the total system bandwidth, and transmits PUCCH somewhere inside the larger system bandwidth. During those TTIs, it is impossible for the UEs utilizing the complete system bandwidth to transmit contiguous allocations that span over the PUCCH regions. 
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Figure 1: Non-contiguous PUSCH scenarios from [1]
RAN1 agreement allows non-contiguous resource allocation for CP-OFDM based transmission:
To evaluate the impact of the PUCCH gaps, a simple simulation using 20 MHz system bandwidth and 5 MHz narrowband UE was done, as illustrated in Figure 2. Using 15 kHz subcarrier spacing, the 20 MHz channel has a total of [106] RBs. The long PUCCH resources are arranged similarly as in Figure 1, except the narrowband UE is placed inside the 20 MHz channel instead of the edge of the channel, as to create more gaps in the PUSCH transmissions. As long as the gaps are relatively small compared to the PUSCH total size, the allocation can be considered almost contiguous. 


Figure 2: Simulation scenario for almost contiguous PUSCH
The simulation assumptions are the same as in [2]. Figure 3 shows the emissions spectrum for CP-OFDM based signal.
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Figure 3: Simulated CP-OFDM PUSCH spectrum with and without gaps
The allocation of 100RB w/1RB gaps is 2RB wider than the contiguous one, but otherwise it can be noted that the gaps do not increase the PAPR of the signal, and at the same output power EVM and in-band emissions are the same for both signals. The out-of-band spectra are almost identical. The same MPR can be used for the almost-contiguous CP-OFDM allocation and the contiguous allocation.
To stress the scenario further, the gaps were increased from 1RB to 4RB, without significant effect as can be seen in Figure 4. The PUSCH size was decreased by 6RB accordingly.
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Figure 4: Simulated CP-OFDM PUSCH spectrum with 4RB gaps and without gaps
In fact, even multiple gaps will not affect the CP-OFDM out-of-band spectrum significantly, as is shown in Figure 5:
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Figure 5: Simulated CP-OFDM PUSCH spectrum with multiple 4RB gaps and without gaps
At the same total power, the power spectral density of the allocation with gaps is higher than the contiguous one, as the amount of allocated resource blocks is smaller. However, as long as the ratio of total gap size to allocation size is relatively small, there is only very minor out-of-band emission impact. The EVM and in-band emission margins are the same with both contiguous and almost contiguous resource allocation.
It can be concluded that with CP-OFDM based waveforms, a wide PUSCH allocation can have gaps at the PUCCH resource blocks assigned to other users, without significant impact to the achievable total output power.
Observation 1: Almost contiguous PUSCH resource allocation with CP-OFDM can use the same MPR as for contiguous PUSCH resource allocation.
Observation 2: RAN4 should study how large gaps can be allowed in an almost contiguous PUSCH resource allocation.
3	Conclusion
We have discussed the behaviour of CP-OFDM based waveforms in a scenario, where a relatively large PUSCH resource allocation has some gaps, making it non-contiguous. The gaps could be used for PUCCH for other users, for example. When the total amount of gaps is relatively small, there is no significant impact on the PUSCH achievable output power. EVM and in-band emissions margins are not affected. 
Observation 1: Almost contiguous PUSCH resource allocation with CP-OFDM can use the same MPR as for contiguous PUSCH resource allocation.
Observation 2: RAN4 should study how large gaps can be allowed in an almost contiguous PUSCH resource allocation.
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