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1
Introduction
Rel-15 December NR NSA RAN1 specifications support non-contiguous CP-OFDM UL transmission using bit map. However, no UE requirements for non-contiguous or almost contiguous CP-OFDM UL transmission has been developed yet in RAN4. In this contribution we discuss the importance of covering at least almost contiguous UL resource allocation UE requirements in the June Rel-15 NR specifications and how these requirements could be defined.
2
Discussion 
2.1
Background
Rel-15 December NR NSA RAN1 specifications support non-contiguous CP-OFDM UL transmission using bit map. RAN4 has not yet developed the corresponding UE requirements. While it would be good to eventually define generic UE requirements for any kind of non-contiguous UL resource allocations, we see that it is best to start with so called almost-contiguous CP-OFDM UL resource allocations, which have shown e.g. in [1] to have rather similar out of band emission, EVM and in-band emission performances with nearly the same UE Tx output power as contiguous CP-OFDM UL transmissions. 
Observation 1: Rel-15 December NR NSA RAN1 specifications already support non-contiguous CP-OFDM UL transmission using bit map.

We see that enabling almost-contiguous CP-OFDM UL resource allocations are important for PUCCH coverage reasons where small gaps in wide bandwidth UE transmission can be created to overlap of PUSCH and PUCCH transmissions. NR system and specifications have been defined flexible in supporting different UE bandwidths. Different UEs can support different channel bandwidths and UEs can be configured to use different transmission bandwidths. Also e.g. power saving purposes UEs can be temporarily be configured to use only part of component carrier. This means that PUCCH transmissions of different UEs are likely to be distributed over the whole channel or component carrier bandwidths.
Allowing UEs with different transmission bandwidths to operate in the same cell and even in the same component carrier means that also UL control channel PUCCH (carrying uplink control information like HARQ-ACK, CSI, BSI, BRI) of different UEs are transmitted in different parts of the channel bandwidth and component carrier. The RAN1 specifications support two PUCCH formats; long PUCCH format with 4 symbols or more and short PUCCH format with 1-2 symbols. Long PUCCH is especially designed for macro environments and for coverage purposes with narrow transmission bandwidth and longer transmission time whereas short PUCCH is more suited for smaller cells with wider but then shorter transmissions. As discussed also earlier during 5G NR work item, macro deployment scenarios and ensuring good UL coverage are challenging targets for 5G NR and therefore, all effort should be put to maximize UL PUCCH coverage, especially as PUCCH has also significantly impact on DL data throughputs.
For successful DL transmission and reception, it is important that BS receives UE PUCCH transmission correctly. PUCCH reception performance can be improved by minimizing interference from other UEs. Interference from other UEs to PUCCH transmission can be minimized by avoiding overlapping transmissions from other UEs in the PRBs where PUCCH is transmitted i.e. by creating frequency domain gaps for UE transmissions there were long PUCCHs are transmitted. Long PUCCH can be as narrow as 1 PRB and short PUCCH can be configured as narrow as 3 PRBs. Therefore, the gaps that need to be created to UE PUSCH transmissions to avoid overlap with PUCCH transmissions can be as narrow as 1-3 PRBs. 
Observation 2: UL control channel (PUCCH) coverage can be improved by avoiding overlapping PUSCH transmission
Observation 3: By creating 1-3 PRBs gaps in UE’s PUSCH data transmission overlap with other UEs PUCCH transmissions can be avoided.
Some companies have proposed to postpone the introduction of UE requirements for non-contiguous and almost-contiguous CP-OFDM UL resource allocations. While the use of fully non-contiguous UL resource allocations may not be critical in the first NR deployments, we see that solid support and thus minimum UE requirements developed for almost-contiguous CP-OFDM UL resource allocations in Rel-15 specifications are important. If some of the Rel-15 NR UEs do not support almost-contiguous CP-OFDM UL resource allocations, these UEs will negatively impact other UE’s PUCCH reception at the base station receiver and thus, also negatively impacts on these other UEs DL throughput and whole NR cell throughput. Furthermore, as illustrated in Figure 1 UEs with narrower UL bandwidth support also limit the use of wider UL bandwidths for other UEs if PUSCH overlapping with PUCCH cannot be avoided using almost contiguous UL allocations. Thus, the lack UE minimum requirements and support for almost contiguous UL resource allocations in Rel-15 would also limit the maximum UL throughputs achievable for any NRs UEs. It will be difficult to overcome these performance and maximum UL throughput issues later if there will be large number of Rel-15 NR UEs, which do not support almost-contiguous CP-OFDM UL resource allocations.
[image: image1.emf]194 62

195 63

196 64

197

198

199 1

200 2

201 3

PUCCH

PUCCH

400 MHz/264 PRBs

100 MHz/66 PRBs


Figure 1: UEs with 100 MHz and 400 MHz UL BW support in the same cell
Observation 4: Minimum UE requirements for almost-contiguous CP-OFDM UL resource allocations need to be developed in Rel-15 to avoid negative impacts of NR system’s PUCCH coverage and DL throughputs.
2.2
Simulations
2.2.1
Simulation assumptions:
· 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

· NR general SEM from 38.101, Table 6.5.2.1.1-1

· NR general spurious limit from 38.101, Table 6.5.3.1-2
· MPR as in [2]

Table 6: MPR assumption

	 
	Tentative MPR [dB]

	WF type
	Modulation
	Outer allocation
	Inner allocation

	DFT-S-OFDM
	pi/2-BPSK
	0.5
	0

	
	QPSK
	1
	0

	
	16-QAM
	2
	1

	
	64-QAM
	2.5

	
	256-QAM
	4.5

	CP-OFDM
	QPSK
	3
	1.5

	
	16-QAM
	3
	2

	
	64-QAM
	3.5

	
	256-QAM
	6.5


2.2.2
Simulation results
The number of possible almost contiguous allocations is very large, hence it is impossible to simulate them all. Instead, we generated a large number (~200000) of random allocations. Instead of finding the needed back-off for each allocation, we simulated them with the MPR value agreed in [2] and recorded the emission margin (positive for sufficient back-off), in order to save simulation time.
Figures 2-5 show the results with respect to gap ratio:

gap ratio = (number of gap RBs) / ( (number of allocated RBs) + (number of gap RBs) )

To further improve reliability, we concentrated the gap ratios to multiples of 10%. Whenever the exact gap ratio was not possible for a given allocation size, the closest valid gap ratio was used. The gap ratio of 0% (contiguous allocations) is included for reference.
We provide two figures from each simulation. The upper one uses pseudocolor to show the emission margin as function of the gap ratio and gross allocations size (allocated RBs + gap RBs). This maps a large number of allocations (different positions of allocation and gaps) into each plotted point by showing the worst emission margin.
The lower figure of each simulation shows the emission margin as function of the gap ratio only. Green and red color help to distinguish the points where the emission margin is insufficient, i.e., negative. These figures reveal that even though there are cases with negative margin at gap ratios ≥ 30%, even then most allocations have a positive margin.
Figure 2: QPSK 20 MHz carrier 15 kHz scs
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Figure 2.1: QPSK 20 MHz carrier 15 kHz scs
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Figure 3: 16-QAM 20 MHz carrier 15 kHz scs
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Figure 3.1: 16-QAM 20 MHz carrier 15 kHz scs
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Figure 3.2: 16-QAM 20 MHz carrier 30 kH scs
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Figure 4: 64-QAM 20 MHz carrier 15 kHz scs
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Figure 4.1: 64-QAM 20 MHz carrier 15 kHz scs
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Figure 4.2: 64-QAM 20 MHz carrier 30 kH scs
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As can be seen from Figures 2-4 the gap ration can be actually rather large without impact to necessary MPR. For QPSK (15 kHz scs) modulated signal the gap ration can be up to ~30% and 16-QAM (30 kHz scs) modulated signal the gap ration can be up to 40%, without impact to MPR. In case of 64-QAM (30 kHz scs) there were not a case found when agreed MPR is not sufficient.
2.3
Specification impact

In this section we propose a way of standardizing the almost contiguous operation in TS 38.101-1. Proposal is to use gap ratio parameter which is a ratio of gaps to total bandwidth of signal,  
gap ratio = (number of gap RBs) / ( (number of allocated RBs) + (number of gap RBs) )

based on our simulations gap ration of 25% or less enables almost contiguous operation with the agreed MPR.

Next we present how his is specified in 38.101-1.

********************************* start of changes *******************************

6.2.2
UE maximum output power reduction

UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth configurations. For UE Power Class 3, the allowed maximum power reduction (MPR) is defined in Table 6.2.2-1.

Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	≤ TBD
	0

	DFT-s-OFDM QPSK
	≤ TBD
	0

	DFT-s-OFDM 16 QAM
	≤ TBD
	≤ TBD

	DFT-s-OFDM 64 QAM
	≤ TBD

	DFT-s-OFDM 256 QAM
	4.5

	CP-OFDM QPSK
	≤ TBD
	≤ TBD

	CP-OFDM 16 QAM
	≤ TBD
	≤ TBD

	CP-OFDM 64 QAM
	≤ TBD

	CP-OFDM 256 QAM
	≤ TBD


Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:

LCRB,Max is the maximum number of RB for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1. RBStart,Low = LCRB/2 rounded down to next integer with floor at 1

RBStart,High = LCRB,Max – RBStart,Low – LCRB
Where Inner RB allocation range is specified as follows: Inner RB allocation are LCRB/2 away from each edge of the maximum RB allocation for all LCRB ≤ LCRB,Max/2 rounded up to the next integer.
RBStart,Inner : valid RBStart values for Inner RB allocations

For LCRB ≤ LCRB,Max/2 rounded up to the next integer, RBStart,Low ≤ RBStart,Inner ≤ RBStart,High
Where Outer RB allocation range is all allocations which are not Inner RB allocation
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

If CP-OFDM allocation satisfies following condition it is considered as almost contiguous allocation and MPR is defined in Table 6.2.2-1
GAPNum / (NRB_alloc + GAPNum ) ≤ 0.25
 where GAPNum is number of unallocated RBs between allocated RBs
******************* end of changes ******************************************

Note that for E-UTRA NRB_alloc is define in symbols section
NRB_alloc
Total number of simultaneously transmitted resource blocks in Channel bandwidth or Aggregated Channel Bandwidth.

3
Conclusions 

In this contribution we have presented further simulation results for almost contiguous allocation for CP-OFDM and propose 
Proposal: If CP-OFDM allocation satisfies following condition it is considered as almost contiguous allocation and MPR is defined in Table 6.2.2-1

GAPNum / (NRB_alloc + GAPNum ) ≤ 0.25
 where GAPNum is number of unallocated RBs between allocated RBs
4
References

[1] R4-1707597, Almost-contiguous uplink resource allocation for NR, Nokia, Nokia Shanghai Bell
[2] R4-1801203, WF for FR1 MPR, Qualcomm, Intel, LGE, Skyworks, RAN4#1801

