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1. Introduction
In RAN#71 new work item for Uplink Capacity Enhancements for LTE [1] was agreed. The WI objective is to “specify 256QAM support in UL for LTE”.  To meet UL 256QAM EVM requirement, UE must back off output power similarly to 64QAM [2,3]. The MPR table and formulas in 36.101 have been originally constructed for cases which have been limited by emissions. In this paper we discuss possible values for MPR for and propose MPR structure for contiguous allocation for 256QAM.
2. Discussion

Lower order modulations have been limited by emissions but already 64QAM was seen as EVM limited instead of emissions limited. While taking data for 64QAM, it was seen that not necessary RB allocation with high LCRB maybe the most challenging and need most MPR [4] but allocations with low LCRB may need equal amount of backoff to meet EVM. 
The UE EVM or agreed budget for PA for study has not been agreed at the time of writing this paper. For the data presented here, the UE level EVM is irrelevant with some reservations but assumption for PA EVM of the transmitter budget is 2% in this paper. 

We took data from 13 different PAs and measured EVM as a function of output power. The list of measurement campaign coverage is shown in Table 1. 

Table 1 Coverage of Test campaign for UL256QAM EVM

	Tests per band

	Band
	Samples tested

	1
	6

	2
	3

	3
	3

	4
	3

	5
	3

	8
	3

	41
	5

	42
	2

	43
	1


Some data is already presented in [2, 3 and 5] but it should be noted that not all PA types can be considered as viable candidates for UL 256QAM due issues like too high EVM floor, non-monotonous EVM behavior with backoff and too high frequency dependency of EVM behavior.  We down selected the PA types for MPR study based on with criteria listed above. For each viable sample we then tested EVM with backoff with different RB allocations and operating frequency. The summary of findings is shown in Figure 1. 
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Figure 1 EVM vs backoff for multiple PAs, bands and RB allocations
Figure 1 only shows curves that should be used to determine minimum requirements. Based on all data, we were not able to determine any consistent behavior on needed MPR that would indicate dependency on channel BW or band. The needed MPR is somewhat difficult to read from the plot in Figure 1 so same data is presented as bar graph in Figure 2.
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Figure 2 MPR as function sample and allocation
Number of allocated PRBs seem to have some impact on EVM vs backoff but mostly just to the shape of the curve. It seems that the difference between 1 RB and 100 RB is small, 1 dB at most but this is not consistent over all samples. 

Proposal 1: MPR for UL 256QAM will be defined same for all channel BWs. 

Wherther if MPR is a function of number of allocated RBs, we need to take more data and would like to agree details later. 

We took data on multiple bands but and finding suitable PAs was difficult. It is unlikely that we will be able to find viable samples for all bands or even good representation of current LTE bands in time to conclude the WI. RAN4 has to study and agree MPR for contiguous allocations, non-contiguous allocations and CA. System requirements will be same for all bands so we would like to apply same principle what is applied for lower order modulations.
Proposal 2: MPR for UL 256QAM will be same for all bands. 

3. Conclusion

Preliminary EVM data was taken from carefully selected viable PA samples. Results were shown and a proposal based on data were made:

 Proposal 1: MPR for UL 256QAM will be defined same for all channel BWs.
Further evaluating the process of finding suitable samples and workload in RAN4, we made another proposal:

 Proposal 2: MPR for UL 256QAM will be same for all bands. 
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