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1	Introduction
Since RAN4 has agreed first contiguous MPR values for NR and hopefully finalizes the pending values we re-start the discussion on almost contiguous MPR for CP-OFDM signals. In previous RAN4 meetings we have presented simulation results for non-contiguous CP-OFDM uplink resource allocation [1] [3] where the gaps in transmission were limited to be rather small.
[bookmark: _Toc286177644]2	Discussion
2.1	Necessity of almost contiguous MPR for CP-OFDM
Reason for necessity of almost contiguous MPR for CP-OFDM is presented in picture 1 from [2] from which it can be seen that it is not be possible to allocated fully contiguous spectrum to a UE#3 as some RB’s needs to be reserved for PUCCH transmissions from UE#1 and 2. This is reducing the usefulness of NR greatly as it is not possible to allocate large bandwidth of spectrum to a single user typically in loaded networks if non-contiguous allocations are not allowed.
[image: ]
Figure 1: Almost contiguous PUSCH scenarios from [2], option 1
2.2	Results
In [1][3] we concluded that It 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.
In this contribution we re-present simulation results of [3] in Table 1.
Simulation method that was used is as follows:
 - Check large allocations starting at SC#0 (channel lower edge due to smallest guard band)
 - Determine MPR for contiguous allocation
 - Determine MPR for almost-contiguous allocation, with 1 gap in the middle (different gap sizes)
Table 1: MPR for almost contiguous allocation
[image: ]
From Table 1 it can be seen that gaps can be actually very large without impacting the necessary MPR. However as stated earlier the scope of this work is to allow only small/moderate gaps to CP-OFDM signal to enable wideband operation in presence of gaps due to PUCCH. Tolerable gap size depends on the actual transmission bandwidth.
2.3	How to specify in TS 38.101
The intention is to define limits for gaps such way that the contiguous CP-OFDM MPR can be used and no new MPR requirement is necessary. This could be captured into the specification for example in following manner
If CP-OFDM allocation satisfies following conditions it is considered as almost contiguous allocation and MPR is defined in Table xxx (normal MPR)
· Lcrb > LCRBmax /FFS of the given channel bandwidth
· Number of resource blocks which are not transmitted within transmission bandwidth are less than or equal to Lcrb/FFS
First bullet can be used to limit the almost contiguous cases to allocations of certain sizes if needed.
Second bullet can be used to limit the number of not transmitted RB’s to small/moderate amount.
In our view this kind of approach allows RAN4 to define MPR requirements also for almost contiguous allocations and still meet the timeline of NR. 
************************ Start of possible changes **********************************
[bookmark: _Toc500511701][bookmark: _Toc501040599]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) for contiguous resource allocations 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:
LCRBmax is the maximum number of RB for a given Channel bandwidth and sub-carrier spacing derived from from spectrum utilization.
RBstartLow = LCRB/2 rounded down to next integer with floor at 1
RBstartHigh = LCRBmax – RBstartLow – 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 ≤ LCRBmax/2 rounded up to the next integer.
RBstartInner : valid RBstart values for Inner RB allocations
For LCRB ≤ LCRBmax/2 rounded up to the next integer, RBstartLow ≤ RBstartInner ≤ RBstartHigh
Where Outer RB allocation range is all allocations which are not Inner RB allocation
If CP-OFDM allocation satisfies following conditions it is considered as almost contiguous allocation and MPR is defined in Table 6.2.2-1
Lcrb > LCRBmax / FFS of the given channel bandwidth
Number of resource blocks which are not transmitted within transmission bandwidth are less than or equal to Lcrb/FFS

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.
************************ End of changes **********************************
2.4	How to move on
As discussed in clause 2.1 it is necessary to allow usage of non-contiguous UL allocations to NR. Due to great variety of NR signals (CH BW, modulation, scs) the easiest way of doing this is to adopt a concept of almost contiguous allocation for which the contiguous allocation MPR is valid. This applies only to NR CP-ODFM modulation as DFT-s-OFDM must be always contiguous by RAN1 definition. Hence almost contiguous allocations are such that the number of punctured RBs within contiguous allocation are limited so that the normal MPR is sufficient.
Definition: Almost contiguous alocations are such that the number of punctured RBs within contiguous allocation are limited so that the normal MPR is sufficient.
To enable timely completion of this feature we propose following.
Proposal 1: Concept of almost contiguous allocation is adopted to TS 38.101 for NR CP-OFDM signals at least for FR1 in REL-15 time frame.
Proposal 2: Almost contiguous signal is defined by setting minimum bandwidth for the signal (Lcrb > LCRBmax / A) and maximum number of puncture RB’s (Lcrb/B) within the almost contiguous signal.
Proposal 3: Companies are encouraged to provide proposal to A and B for the next RAN 4 meeting,
3	Conclusion
In this contribution we have further elaborated the concept of almost contiguous MPR definition 
Definition: Almost contiguous allocations are such that the number of punctured RBs within contiguous allocation are limited so that the normal MPR is sufficient.
and made following proposal.
Proposal 1: Concept of almost contiguous allocation is adopted to TS 38.101 for NR CP-OFDM signals at least for FR1 in REL-15 time frame.
Proposal 2: Almost contiguous signal is defined by setting minimum bandwidth for the signal (Lcrb > LCRBmax / A) and maximum number of puncture RB’s (Lcrb/B) within the almost contiguous signal.
Proposal 3: Companies are encouraged to provide proposal to A and B for the next RAN 4 meeting,
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Contiguous Almost-contiguous, MPR vs. gap size

RB_startRB_size MPR 1 2 4 6 8 10 12 15 20 25 30 40 50 60 70 80 90 100

0 106 2.3 2.2 2.3 2.3 2.3 2.3 2.3 2.3 2.4 2.3 2.4 2.3 2.3 2.3 2.5 2.9 3.3 3.9 4.7

0 80 2.1 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.3 2.3 2.3 2.3 2.2 2.6 4.3

0 60 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.4 Gating factor

0 40 2 2 2.1 2.2 2.2 2.2 2.3 2.3 2.2 2.4 2.2 2.5 ACLR

0 30 1.9 2 2 2.1 2.1 2.2 2.2 2.3 2.3 2.2 2.2 SEM

0 20 1.6 1.7 1.8 1.9 2 2.2 2.2 2.3 2.3 EVM

0 15 1.3 1.3 1.5 1.7 1.9 2.3 2.3 2.3 IBE

0 10 1.4 1.5 1.4 1.7 2.3 2.3 Spur


