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1
Introduction
RAN#80 updated the RAN4 NR UE feature list in [1] and the following two UE features in the RAN4 NR UE feature list were still left open as their definitions were not yet decided in RAN4.  

Almost contiguous UL CP-OFDM (feature 2-7)
· Definition of almost contiguouis is not yet decided in RAN4
PA calibration gap (feature 2-8)
· Definition of PA calibration gap is not yet decided in RAN4
Both of the features and related requirements are included to the approved Rel-15 NR exception sheet in [5], and it is very important that RAN4 completes the requirements in this meeting to keep the NR exception sheet timeline.

TS38.101-1

· MPR requirements for almost contiguous allocation

TS38.101-2

· PCG
In this contribution we proposed how to specify the almost contiguous CP OFDM signal. Difference to our earlier proposals on the topic [3]-[9] is that almost contiguous CP-OFDM signal is allowed to have additional MPR to compensate the PSD difference to fully contiguous signal.
2
Discussion
2.1
Background

One of the key motivations for almost contiguous allocation which was initially mentioned in [10] and then re-visited in [9]. is a 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. As an example, in case of 100 MHz channel where some of the UEs operate with 20 MHz BWPs it may be difficult or impossible to find suitable scheduling instances for some other UE’s to operate with full 100 MHz bandwidth which would of course impact greatly to 5G user experience as the maximum data speed is based on 20 MHz bandwidth i.e. REL-8.
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Figure 1: Non-contiguous PUSCH scenarios from [10]
RAN1 agreement allows non-contiguous resource allocation for CP-OFDM based transmission.

2.2
Proposed back-off scheme for almost contiguous allocations
As mentioned in a beginning in this meeting we are proposing that almost contiguous signal are allowed to use additional back off on top of MPR to compensate the otherwise apparent PSD increase of the signal, similar approach was proposed in [11].
When the allocation size is reduced by introducing allocation gaps, the transmission power is divided between fewer RBs. This increases the PSD by -10*log10(1-gap_ratio) dB. If equal additional back-off is applied, the PSD becomes equal to that of the corresponding contiguous allocation, hence ACLR, SEM and spurious emission results will not be worse than those of contiguous allocation.

The proposed back-off is determined as follows:

· Determine the MPR according to the gross allocation.

· total_backoff = MPR + PSD_compensation

· PSD_compensation = CEIL( 10 log10(1 + NRB_gap / NRB_alloc), 0.5 ) dB.
where

gap_ratio = number_of_gap_RBs / LCRB
LCRB = number_of_allocated_RBs + number_of_gap_RBs

Table 1: PSD compensation values, corresponding gap ratios, and number of gaps RBs for full gross allocation
	 
	PSD compensation

	
	0.5 dB
	1.0 dB
	1.5 dB

	
	Max gap ratio

	
	≈0.10
	≈0.20
	0.25*

	BW [MHz]
	SCS [kHz]
	Max number of gap RBs
for full gross allocation

	5
	15
	2
	5
	6

	10
	15
	5
	10
	13

	15
	15
	8
	16
	19

	20
	15
	11
	21
	26

	25
	15
	14
	27
	33

	30
	15
	17
	32
	40

	40
	15
	23
	44
	54

	50
	15
	29
	55
	67

	60
	30
	17
	33
	40

	70
	30
	20
	38
	47

	80
	30
	23
	44
	54


	90
	30
	26
	50
	61

	100
	30
	29
	56
	68

	* Limited by proposed specification


2.3
Simulation results

2.3.1

Simulation assumptions and scheme
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

· EVM

Simulations were performed such way that very large number of different signals were studied and each of these signals used standard MPR + additional PSD compensation described in paragraph 2.2. Then margins against all emission requirements were studied and smallest margin was recorded. This allowed to simulate a larger number of allocations.
Unlike the proposal, the PSD compensation was not rounded in theses simulations.
2.3.2 

Simulation results, 20 MHz, 15 kHz
The simulated gross allocations are depicted in Figure 2. They include outer allocations located at the lower channel edge as well as inner allocations at the lower edge of the inner region, i.e. RBstart=FLOOR(LCRB/2). For each gross allocation, we simulated all single-gap allocations and a large number of random multigap allocations.[image: image2.png]Worst emission margin, 20MHz 15kHz QPSK, 1,2,4,6,10 gaps
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Figure 2. Simulated gross allocations and worst emission margins of QPSK in 20 MHz channel
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Figure 3. Emission margin as function of gap ratio for QPSK, 20 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 4. Emission margin as function of gap ratio for 16QAM, 20 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 5. Emission margin as function of gap ratio for 64QAM, 20 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 6. Emission margin as function of gap ratio for 256QAM, 20 MHz channel, 
several gross allocations at minimum RBstart of outer and inner MPR region
2.3.3 

Simulation results, 100 MHz, 30 kHz
For the 100 MHz channel bandwidth, the number of data had to be restricted, therefore we simulated only single- and dual-gap cases with fewer gross allocations:

· Full gross allocation: LCRB=273, RBstart=0 (outer allocation)

· LCRB=137 with RBstart=0 (outer allocation) and RBstart=FLOOR(137/2)=68 (largest inner allocation)
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Figure 6, Emission margin as function of gap ratio for QPSK, 100 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 7, Emission margin as function of gap ratio for 16QAM, 100 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 8, Emission margin as function of gap ratio for 64QAM, 100 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
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Figure 9, Emission margin as function of gap ratio for 256QAM, 100 MHz channel,
several gross allocations at minimum RBstart of outer and inner MPR region
2.4
Simulations vs measurements
Measurement were also performed using a Mid-band PA in Band 3, this PA was calibrated for 26.1dBm 0dB MPR capability (25.1dBm 1MPR for full 20MHz NR allocation at 30dBc ACLR). The selected measurement signals represent the worst case emission margins found in the simulation. Instead of looking at margin on ACLR at allowed MPR level like in simulation, measurement were done by recording the power capability at 30dBc ACLR. Table 1 provides the simulated ACLR margin and measured power capability margin when using the normal allowed MPR and additional MPR compensating for the PSD increase (with 0.5dB granularity)
Table 1: Simulation and measurement margin comparison

	Allocation and MPR parameters
	Simulation
	Measurements on 26.1 dBm 0dB MPR PA

	Alloc string
	normal MPR [dB]
	PSD compens.
[dB]
	PSD comp MPR 0.5dB granularity [dB]
	Simulated Gating
factor
	Simulated
ACLR margin [dB]
	Pout measured for 30dBc ACLR [dBm]
	Power capability margin [dB]

	106RB0
	3
	0
	0
	ACLR
	1.0
	23.6
	0.5

	22RB0+83RB23
	3
	0.1
	0.5
	ACLR
	1.0
	23.5
	0.9

	70RB0+25RB81
	3
	0.5
	0.5
	ACLR
	2.3
	23.3
	0.7

	62RB0+23RB83
	3
	1
	1
	ACLR
	3.9
	23.1
	1

	18RB0+58RB48
	3
	1.5
	1.5
	ACLR
	5.6
	23.2
	1.6

	53RB26
	1.5
	0
	0
	ACLR
	4.1
	27.6
	3

	31RB26+21RB58
	1.5
	0.1
	0.5
	ACLR
	4.1
	27.5
	3.4

	25RB26+23RB56
	1.5
	0.5
	0.5
	ACLR
	4.4
	27.2
	3.1

	23RB26+20RB59
	1.5
	1
	1
	ACLR
	4.7
	26.7
	3.1

	20RB26+18RB61
	1.5
	1.5
	1.5
	ACLR
	5.3
	26.2
	3.1


Good margins are observed for both the simulated and measured results, in both cases inner allocations have larger margins. 
3
Conclusion
As a conclusion we make following proposals

Proposal 1: 

If CP-OFDM allocation satisfies following condition it is considered as almost contiguous allocation 

NRB_gap / (NRB_alloc + NRB_gap ) ≤ 0.25

where NRB_gap is number of unallocated RBs between allocated RBs and NRB_alloc is number of allocated RBs. For these almost contiguous signals in power class 3, the allowed maximum power reduction defined in Table 6.2.2-1 is increased by

CEIL( 10 log10(1 + NRB_gap / NRB_alloc), 0.5 ) dB.

Proposal 2: It is FFS how to apply almost contiguous concept to cases where A-MPR is needed or to PC2. This work should be done in REL-16.
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