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1. Introduction

In RAN4#72bis there was some discussion on (A-)MPR for contiguous CA using contiguous resource allocation [1]. Assuming normal PUCCH placement for the component carriers (i.e. at the edges of the channel), if any single UE is transmitting contiguous resource allocation spanning across the two carriers, the transmission naturally occupies the PUCCH regions of both component carriers. Since PUCCH is frequency hopping for frequency diversity benefit, neither of the cells can have PUCCH in the same subframe that the one CA UE is transmitting.
The discussion paper [1] presented results, how much the (A-)MPR can be reduced by adding resource block puncturing in the contiguous resource allocation, so that PUCCH regions are punctured. This document presents some (A-)MPR simulation results for this same scenario.
2. Discussion
For contiguous CA and contiguous resource allocation, the following MPR is allowed:

Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3 (from 36.101)
	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	25 RB + 100 RB
	50 RB + 100 RB
	75 RB + 75 RB
	75 RB + 100 RB
	100 RB + 100 RB
	

	QPSK
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 3


For non-contiguous resource allocation, the MPR ranges from 3 to 8.5 dB according to the formula:

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = 
8.2





; 0 ≤ A < 0.025

9.2 - 40A 



; 0.025
≤ A < 0.05

8 – 16A



; 0.05
≤ A < 0.25

4.83 – 3.33A


; 0.25 ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4 ≤ A ≤ 1,

Where


A = NRB_alloc / NRB_agg.

In all cases for QPSK, the non-contiguous allocation is allowed significantly more MPR than for the contiguous allocation. 

We have simulated the required back-off for the 75 RB + 75 RB case, using the standard RAN4 simulation assumptions (25 dBc LO and IQ image suppression, ACLR just met with fully populated uplink resource allocation). Figure 1 shows the simulation results. With the PA model that was used, the 2 dB MPR is sufficient for >75 RB allocations, but some allocations near the edges of the aggregated transmission bandwidth configuration need also 2 dB instead of the maximum allowed 1 dB. This is due to the PA operating point calibration using single carrier. The differences are not large though.
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Figure 1: Simulated PA back-off for 75 RB + 75 RB CA using contiguous resource allocation
Another simulation was done using almost contiguous resource allocation, so that the PUCCH regions of both component carriers were punctured. In the example, the PUCCH size is 4 RBs for both carriers, for a total of 8 RBs being punctured. The same simulation assumptions were used as in the previous simulation. The results are shown in Figure 2.
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Figure 2: Simulated PA back-off for 75 RB + 75 RB CA using almost-contiguous resource allocation (4 RBs punctured in each component carrier at the edges)
It can be seen, that the required back-off is about the same as for contiguous allocation, or slightly more (≤1 dB). Below in Figure 3 we show the allowed MPR using the current formula.
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Figure 3: MPR according to the existing formula, for almost-contiguous resource allocation (the same scenario as in the previous picture).

Note that any resource allocation, that spans across the component carriers, i.e. a CA allocation, must essentially use the non-contiguous MPR formula in order to skip the PUCCH regions. This leads to high excess back-off, up to 8.5 dB.
The conclusion from these simulations is, that if a UE is configured with CA, the current specification does not allow flexible and efficient use of the CA resources in uplink. The proposal in [1] seems reasonable.
3. Conclusion
The almost-contiguous CA uplink resource allocation, and the excess (A-)MPR was discussed in [1]. This document presents some simulation results on the amount of the excess backoff. The proposal in [1] seems reasonable.
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