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1	Introduction
In RAN4 chairman’s report to RAN plenary 79 Almost-contiguous UL CP-OFDM was listed as one of the NR features to be discussed in Q2. In previous RAN4 meeting a WF was presented but not approved which stated that 
· Study if almost contiguous resource allocation signal which does not require A-MPR or only a small A-MPR can be defined with a gap ratio definition and is agnostic for number of gaps, gap location or gap sizes. If it can what would be the possible gap ratio.
· gap ratio definition
· GAPNum / (NRB_alloc + GAPNum ) ≤ TBD
·  where GAPNum is number of unallocated RBs between allocated RBs
In this contribution we provide further simulation results in addition to previous submissions [3]-[7]. 
Furthermore, topic was discussed in previous RAN4 meeting in [8] which stated that A-MPR should be defined for the waveform with gap(s) to allow additional power backoff because the simulations in [8] showed that even with very small gap extra power back of is needed, reported extra backoff was 0.1 dB to > 0.6 dB. This approach was different to what is presented in [3]-[7] as in these contributions it is studied whether the MPR is sufficient or not to meet the emissions requirements.
In [9] simulation results were presented for case when one gap was placed in the middle of the allocation which in our opinion is too restrictive for scheduler implementation and also [9] stated that an addition parameter allowing for offsetting the location of the gap should be considered in the definition of almost contiguous waveforms to address that. In addition, the [9] discussed the potential delays almost contiguous work can introduce to UTRA A-MPR and PC2 MPR and A-MPR for NR and NR band combinations which was a valid concern. Luckily RAN4 was able to agree UTRA A-MPR and PC2 MPR in previous RAN4 meeting but still a lot of work is needed for A-MPR for NR and NR band combinations therefore RAN4 could limit the almost contiguous work to be applicable in Rel-15 time frame to PC3 SA cases which do not require A-MPR and continue in Rel-15 to address PC2 and some cases that require A-MPR. 
Proposal 1: In Rel-15 time frame almost contiguous allocation concept is applied only for PC3 and SA operation on bands which do not require A-MPR.
Proposal 2: RAN4 agrees in RAN4#87 the conditions when CP-OFDM signal is almost contiguous and do not require extra back off on top of MPR and almost contiguous concept is introduced into 38.101-1.
2	Discussion
In this paragraph we provide further simulation results.
2.1	Simulation assumptions
The simulation assumptions were as follows.
· PA calibration point: QPSK 100 RB DFT-s-OFDM signal with 0.5 dB MPR
· LO leakage and IQ-Image = 28 dBc
· NR ALCR = 30 dBc
· General NR SEM
· General NR spurious limit
· [bookmark: _GoBack]MPR = 3 dB for QPSK, CP-OFDM, full allocation [10]
2.2	Results
2.2.1	2 gaps case
Effect of two gaps within almost contiguous allocation were studied with varying gap size and position. Results are presented in Figures 2 and 3 and Gap_start1 and Gap_start2 explained in Figure 1.
Figure 1: two gaps case


Headers in figures indicate the size of the gaps. for example [3,3] means that both gaps have size of 3 RB. Colours indicate the backoff margin compared to agreed MPR. Figure 1 is a case where allocation extends to cover whole 106 RB of 20 MHz channel and gaps are placed so that there are at least one allocated RB at the edges of channel and between the gaps.
Figure 2: Full Allocation, 20MHz, 15kHz, 16-QAM
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Figure 3 has results for a case when only lower half of the 20 MHz channel has allocation.
Figure 3: Half Allocation, 20MHz, 15kHz, 16-QAM
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In all 2 gap cases MPR was sufficient.
2.2	Multiple gaps
In addition to the gap ratio and gap positions, also the number of gaps affects the required back-off.
Theoretically, it can be reasoned that the single-gap case produces the worst emissions. If a single gap is at the worst position, slightly off the center of the almost contiguous allocation, the power is concentrated at the edges of the almost contiguous allocation, and the emissions reach the farthest beyond the channel edges. If the number of gaps is increased, i.e., the number of allocated RB clusters is increased, power is scattered more sparsely within the almost contiguous allocation, resulting also in lesser spectral concentration of unwanted emissions. Allocated RB clusters in the middle of the almost contiguous allocation contribute little to out-of-band and spurious emissions. The more gaps there are, the less the transmission power is concentrated near the edges of the almost contiguous allocation, and the lower the spectral density of the emissions becomes.
These conclusions agree with our simulation results, shown in Figure 4. We simulated tens of thousands of random almost contiguous allocations with three gap ratios (~10%, ~15%, ~20%), 1 to 10 gaps. The gap ratio is defined as
	gap ratio = (number of gap RBs) / ( (number of allocated RBs) + (number of gap RBs) )
Instead of determining the required back-off, we applied the agreed MPR [10] and recorded the emission margin (positive when limits are met). The gap positions were random: gap widths were equally distributed. Likewise, the widths of the allocated RB clusters were equally distributed. The almost contiguous allocations were full, i.e., spanned the entire transmission bandwidth configuration. Figure 4 also shows the emission margin of these allocations, together with a contiguous full allocation included as a reference.
As a conclusion, it should be enough to simulate almost contiguous allocations only with a single allocation gap.
Figure 4: Emission margin of full almost contiguous allocations as function of the number of gaps, 
with three gap ratios (~10%, ~15%, ~20%), in 20 MHz (left) and 100 MHz (right) NR channel
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Observation: Based on the results we think that almost contiguous allocation is such that gap ration is < 20 % and maximum number of gaps is 10, where
gap ratio = (number of gap RBs) / ( (number of allocated RBs) + (number of gap RBs) )
3	Conclusion
In this contribution we have made two proposals
Proposal 1: In Rel-15 time frame almost contiguous allocation concept is applied only for PC3 and SA operation on bands which do not require A-MPR.
Proposal 2: RAN4 agrees in RAN4#87 the conditions when CP-OFDM signal is almost contiguous and do not require extra back off on top of MPR and almost contiguous concept is introduced into 38.101-1.
and one observation
Observation: Based on the results we think that almost contiguous allocation is such that gap ration is < 20 % and maximum number of gaps is 10, where
gap ratio = (number of gap RBs) / ( (number of allocated RBs) + (number of gap RBs) )
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