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Introduction
In recent meetings, several contributions [1,2] have addressed the issue of the PUCCH region of narrow bandwidth UE's blocking large contiguous allocations for wide bandwidth UE's within the same carrier.  If MPR is only defined for contiguous RB allocations, then both the peak and average uplink data rate of the wide bandwidth UE is greatly reduced.  In order to avoid this limitation on the peak and average uplink data throughput, it has been proposed in [1,2] that almost contiguous allocations be allowed and that corresponding MPR be defined for these allocations. In [2], it has been proposed that no additional MPR be allowed for these almost contiguous allocations.
				
A similar problem with PUCCH blocking occurs in LTE with contiguous uplink carrier aggregation and was discussed extensively in [3-9]. In this case, large contiguous allocations for the UE configured for carrier aggregation are blocked by the PUCCH region of the non-CA UE's.  For LTE, non-contiguous allocations are allowed using non-contiguous A-MPR, but the non-contiguous A-MPR is typically much larger than the A-MPR for the smallest contiguous allocation containing the non-contiguous allocation. For this reason, almost contiguous A-MPR was proposed and evaluated in [3-9].	
In this contribution, we briefly review the previous proposal defining A-MPR for almost contiguous allocations and explain the rationale for the proposal.  We also review some of the previous simulations results comparing the proposed A-MPR relaxation with the observed increase in the needed A-MPR.  It should be noted, however, that these previous simulation results are for the case of DFT-spread OFDM and not for CP-OFDM
Background
The problem is described in Figure 1 taken from [1] in which narrow bandwidth and wide bandwidth UE’ co-exist within the same channel as shown below.  Due to the PUCCH transmission of the 


Figure 1: Non-contiguous PUSCH scenarios from [1]

narrow bandwidth UE, the largest contiguous allocation for the wider bandwidth UE is limited to the larger of the two bandwidth parts as is shown in Figure 1.  Since MPR is not to be defined for non-contiguous allocations, this is the largest uplink allocation the wide bandwidth UE can be given.  As a result, PUCCH blocking due to the narrow bandwidth UE limits both the peak and average bandwidth of the wide bandwidth UE.

A similar problem exists for LTE contiguous carrier aggregation in which the PUCCH region of the component carrier blocks contiguous uplink allocations spanning the boundary between component carriers for the UE configured for carrier aggregation as shown in Figure 2.

Figure 2:  A non-contiguous resource allocation over two aggregated component carriers

In previous contributions, it was proposed A-MPR be defined for RB allocations crossing the boundary between component carriers that were contiguous except for the puncturing of RB’s due to the PUCCH regions at the edges of the component carriers.  The punctured allocations were referred to as “almost contiguous” allocations.  The almost contiguous A-MPR proposed in [3] was given by


A_MPR_almost_contig = A_MPR_contig (RBstart, RBend) .
where the added term


 
is used so that the power spectral density of the non-contiguous resource allocation is the same as contiguous resource allocation, as is shown in Figure 3.  If the PSD of the almost contiguous allocation is everywhere at or below the PSD of the contiguous allocation that meets emissions requirements, then the almost contiguous allocation should meet emissions requirements also.


Figure 3:  Power Spectral Density of Contiguous and Almost contiguous Resource Allocations



Previous Simulation Results
Extensive simulation results were provided in [4-8] to show that the almost contiguous A-MPR proposed for contiguous CA with NS signalling was adequate to meet emissions requirements. As a result, the vast majority of the simulation results show the A-MPR margin (the difference between the allowed A-MPR and the A-MPR that is actually needed to meet emissions requirements).  However, there is one set of simulation results in [8] that shows the increase in the required A-MPR due to PUCCH puncturing.

The results of interest can be found in Figure 4 below (Figure 5 in [8]).  The results in Figure 4 are for the case of two contiguously aggregated 15 MHz carriers with the CA_NS_01 emissions requirements shown in Table 1. The results in Figure 4 show the increase in the required A-MPR when the 4 RB’s on each side of the boundary between the component carriers are punctured.  The total number of punctured RB’s is 8.

Table 1: Additional requirements for CA_NS_01 (TS 36.101 Table 6.6.3.3A.1-1) 
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	E-UTRA band 34
	FDL_low
	- 
	FDL_high
	-50
	1
	

	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	1

	NOTE 1:	Applicable when the aggregated channel bandwidth is confined within frequency range 1940 – 1980 MHz



NOTE:	For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (300 kHz).
	
The simulation results in Figure 4 indicate the amount by which required A-MPR increases for a contiguous allocation when the PUCCH region is punctured.  For each possible almost contiguous allocation, an additional simulation was performed with the PUCCH region restored.  Thus, the table indicates the difference between the A-MPR needed for the almost contiguous allocation and the A-MPR needed for a contiguous allocation with the same RBstart and RBend.  In most cases, the increase in the necessary A-MPR resulting from the puncturing of the PUCCH region was less than 0.5 dB, and in all cases the increase in the necessary A-MPR was less than 1 dB.  It can be noted however, that there are cases for which the fraction of punctured RB’s is around 10% for which the increase in A-MPR is at least 0.5 dB.

It should be noted that these simulation results are for DFT-spread OFDM and not for CP-OFDM, so additional simulation results with CP-OFDM modulation are needed.





	


Figure 4:  The increase of the required A-MPR for contiguous allocations when the PUCCH region is punctured for CA_NS_01 signalling. (Figure 5 in [8])

Conclusion
In recent meetings, several contributions [1,2] have addressed the issue of the PUCCH region of narrow bandwidth UE's blocking large contiguous allocations for wide bandwidth UE's within the same carrier and the need to define almost contiguous MPR.  . In [2], it has been proposed that no additional MPR be allowed for these almost contiguous allocations. 

In this contribution, we review the previous proposal defining A-MPR for almost contiguous allocations for LTE carrier aggregation and explain the rationale for the proposal.  One benefit of the previous proposal is that it is not necessary to limit the set of almost contiguous allocations to only those for which there is no increase in A-MPR.  This may be necessary as A-MPR will not be defined for NR and the size of the PUCCH region can vary significantly depending on the particular deployment.
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