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1. Introduction

This contribution is complementary to [1] in that it builds on the proposed A-MPR framework by providing A-MPR values for the cases that some A-MPR is allowed with NS_04 in order to meet the emissions mask.

These values are derived from simulation using a generic power amplifier model to ascertain the worst case A-MPR considering the margin between the emissions and the mask when any allowed MPR is applied. 
This contribution also presents results generated by running the simulations using a leading edge wideband PA design being developed by Micro Mobio. This is for the purposes of information only in order to illustrate what can actually be achieved when using state-of-the-art technology. This innovation in performance is being driven by the prospect of wide band operation across the 2.3 to 2.7GHz bands for next generation mobile broadband systems.
2. Simulation assumptions
Table 1 summarizes the simulation assumptions for both the generic and Micro Mobio PA cases.

Table 1: Simulation assumptions

	
	Generic PA
	Micro Mobio 352EW PA

	ACLR for UTRA1 
	33dBc
	43dBc @ 26dBm


	Operating range
	N/A
	2.3 to 2.7GHz

	SEM
	NS_04
	NS_04

	Centre frequency
	2.6GHz
	2.6GHz

	LO leakage
	-25dBc
	-25dBc

	IQ imbalance
	-25dBc
	-25dBc

	Bandwidth
	10 & 20MHz
	10 & 20MHz

	Modulation
	QPSK/16QAM
	QPSK

	Maximum output power capability
	-
	28dBm

	PAE at maximum power
	-
	~33%


For each PA model type the RB allocations arrangements summarized in Table 2 were simulated.
Table 2: RB allocation arrangements simulated

	Case
	RB_start
	L_CRB (20MHz)
	L_CRB (10MHz)

	1
	0
	1
	1

	2
	0
	20
	10

	3
	0
	30
	20

	4
	0
	40
	30

	5
	0
	100
	50


3. Simulation results

Figure 1 shows the simulation results for a total MPR of 1dB for the generic PA model with a 20MHz channel and QPSK. As can be seen a total of 1dB is not enough for the case of 1RB at the edge of the band or all RBs allocated. Figure 2 shows that when the MPR is increased to 2dB then the emissions mask is met, but there is no margin for the full RB allocation case. Therefore, as shown in Figure 3, for RB allocations of 40 and 100, probably a total MPR of 3dB is needed and 2dB for cases of small RB allocations. Figure 4 shows the case of 16QAM with the same total MPR of 2dB for small RB allocations and 3dB for 40 and 100 RBs, indicating that the same total MPR as that needed for QPSK is required. The only impact is a slightly reduced margin between the emissions and the mask relative to the QPSK case if the MPR is the same.
In summary, as TS36.101 Table 6.2.3-1 already allows for an MPR of 1dB for 16QAM when the number of RBs is equal to or less than 18, and 1dB for QPSK and 2dB for 16QAM if the RB size is greater than 18 for 20MHz channel, then it follows that an A-MPR of 2dB should be sufficient to provide enough margin between the emissions and the mask for QPSK and 1dB for 16QAM. 
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Figure 1: Simulated emissions for generic PA model with total MPR of 1dB for QPSK (20MHz)
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Figure 2: Simulated emissions for generic PA model with total MPR of 2dB for QPSK (20MHz)
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Figure 3: Simulated emissions for generic PA model with total MPR of 2 and 3dB for QPSK (20MHz)
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Figure 4: Simulated emissions for generic PA model with total MPR of 2 and 3dB for 16QAM (20MHz)

Figures 5 and 6 show the same simulations repeated for the case of a 10MHz carrier with QPSK and 16QAM, respectively. Similar results are found in that for RB allocations of 40 and 50 then total MPR of 3dB is required, whereas 2dB is sufficient for the case of smaller RB allocations. The same summary can be made as for 20MHz regarding the level of A-MPR required, in that 2dB should be sufficient for QPSK and 1dB for 16QAM.
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Figure 5: Simulated emissions for generic PA model with total MPR of 2 and 3dB for QPSK (10MHz)
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Figure 6: Simulated emissions for generic PA model with total MPR of 2 and 3dB for 16QAM (10MHz)
Finally Figure 7 shows the simulated emissions for the Micro Mobio PA model for the case of 20MHz. As can be seen the performance of the PA is superior to the generic model that is adapted to meet the ACLR specification. As a result no A-MPR is required for this PA in order to meet the emissions mask. While it is therefore possible to use a wideband PA (2.3 to 2.7GHz) that requires no A-MPR, it is still proposed to allow some A-MPR. This will allow device vendors that choose not to use state-of-the-art PA solutions optimized for wideband LTE performance in their products, or that incur more front-end loss in their design for this band and need to run the PA at high output power, to still meet the emissions requirements. 
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Figure 7: Simulated emissions for Micro Mobio PA model with standard MPR for QPSK (20MHz)

4. Summary & proposal
As concluded by simulation using a generic PA model, it is found that an A-MPR of 2dB for QPSK and 1dB for 16QAM should be sufficient to ensure some reasonable margin between the emissions and the mask in cases where an A-MPR is required (as discussed in [1]). 
It is therefore proposed to adopt the value of 2dB as the maximum allowed A-MPR for both cases of QPSK and 16QAM, for the purposes of simplicity, in the table proposed for adoption in [1] by accepting the text proposal shown below that builds on that proposed in [1].
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5.2.1
Maximum output power with additional requirements
Table 5.2.1-2: Proposed A-MPR requirements for NS_04 with bandwidth >5MHz
	
	Channel Bandwidth

	
	10MHz
	15MHz
	20MHz

	Cases where allowed A-MPR is 0dB
	RB_start ≥ 13

AND

RB_start + L_CRB ≤ 37
	RB_start ≥ 19

AND

RB_start + L_CRB ≤ 56
	RB_start ≥ 25

AND

RB_start + L_CRB ≤ 75

	Allowed A-MPR in all other cases [dB]
	[TBD]≤2
	[TBD]≤2
	[TBD]≤2

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3
For intra-subframe frequency hopping between above cases, notes 1 and 2 apply on a per slot basis
4               For intra-subframe frequency hopping between above cases, the larger A-MPR value of the two cases may be applied for both slots in the subframe


Note that the value of ≤2dB A-MPR is based on simulation results presented in [3].
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� The UTRA ACLR1 performance is based on measurement at 26dBm output with QPSK modulation with the assumption of 4dB of front-end losses for a Band [41] architecture incorporating a filter and switch to deliver 22dBm at the antenna port. Manufactured rated E-UTRA ALCR1 is 34dB@28dBm, 41dB@26dBm for 16QAM. Based on the results in Figure 7, there is still significant margin to increase the power amplifier output power above 26dBm if the front-end design incurs more loss or to account for a more optimized front-end design that reduces the losses to 3dB and remain well within the ACLR requirement.The ACLR performance of the simulation model was confirmed to match very well with real measurements conducted on a number of preliminary devices confirming that this assumption is valid for a real device.





