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1. Introduction
In RAN4#80 TX EVM for UE was agreed as 3.5 % [1]. MPR for 256QAM was initially discussed but no agreements on values were made. Agreed simulation assumptions were document in [2]. PA EVM budget was agreed as 1.85 %. Companies were also encouraged to analyse the in-band emissions with 256QAM modulation and provide input. This paper discusses various aspects of MPR for contiguous and non-contiguous allocations and in-band emission requirement. 
2. Discussion

We have provided numerous EVM results for contiguous allocations with 256QAM modulation in previous meetings [3,4,5]. In addition to to the presented results, we have taken many measurements and performed many simulation. In the following sub-sections we summarise our findings to justify our porposals in the end of the paper. 

2.1. Applicability of existing requirement structure

For QPSK and 16-QAM modulations, MPR and A-MPR were defined by emission requirements. Typically the limitting condition for contiguous allocations is UTRA ACLR. ACLR and SEM are dependent on channel bandwidth so it makes sence to define different MPR and A-MPR requirements for different channel bandwidths. 64-QAM modulation is equally limited by emissions and signal EVM i.e. in-band EVM requirement of 4 % for the PA corresponds roughly to 33 dB UTRA ACLR. For 256QAM and to meet 1.85 % EVM at the PA, the in-band linearity has to be so good that all emission requirement will be satisfied with the excerption of in-band emision requirement which scales with TX EVM but we will discuss this aspect in following sub-sections. Therefore, we believe there is no need to define different MPR for different channel BWs [4]. This is reflected in our proposed MPR table structure in table 1.
2.2. EVM Analysis methods, probably remove
During the measurement and simulation campaign, we noticed that analysing the EVM at 2 % level, the process is very prone to errors. 3GPP defined EVM method allows for usage of middle samples as described in 36.101 Annex F.5 and in the case of measurement where analyzer has no knowledge of the ideal signal, a recommended method relys on two stage equalization process described on Annex E.3.3 of 36.521-1. Also how the equalization of amplitude and phase is made a significant impact to the end result. The described process leaves some room for different implementations:
“This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization. “

We encourage companies to pay attention to the EVM analysis process and consider limittations in the systems. 
2.3. IBE with contiguous allocations
The inband emission requirements were indicated being limitting condition for MPR in [7]. The in-band emission requirement has a term that is dependent of TX EVM and in this case, for one RB, the requriement equals the defined floor of – 30 dB right at the next non allocated PRB. This requirement is justified if it can be assumed that also the UE allocated with the adjacent PRBs are configured for 256QAM transmissions. In a real network, this may or may not the be case.  

We analysed the IBE for the provided data and found it to be marginal but still meeting the limit therefore we did not see IBE having any impact to the MPR. However, situation with non-contiguous allocations is slightly unclear. We discss this aspect in the the sub-section 2.5.
2.4. Summary of results for contiguous allocations
We analysed the PA data we provided in [4]. Originally, the PAs were screened to discard samples that were not suitable for 256QAM for bad performance. Figure 1 shows re-analysed MPR with 1.85 % and 2 % PA EVM limit. The needed MPR is higher and for the PA6 with 1 RB the increase is 5 dB. This is because the EVM has a very shallow slope below 2 % EVM. It is therefore fair to exclude this sample from analysis.
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Figure 1 MPR measurements for 256QAM using 2 % and 1.85 % limits
The resulting MPR tabulated in to MPR table in 36.101 format is shown in Table 1. 
Proposal 1: MPR for UL256QAM contiguous allocations
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3

	256QAM
	≤ 6
	≤ 6

	256QAM
	>6 and ≤ 50
	≤ 7

	256QAM
	> 50
	≤ 8


2.5. Non-contiguous allocations within one CC
We saw some challengies in validity of simulation models for EVM with contiguous allocations and situation is even worse with non-contiguous allocations. We did not do much simulations but took measurement data from five different PAs and six different bands. The data is shown in Figure 2. The behavior of MPR is is quite different if we look at emissions or EVM as criteria.
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Figure 2 MPR for non-contiguous allocations for UL256QAM

If emissions would be the only criteria for MPR, the existing formula for MPR would apply quite well. However, since EVM must be met, the formula must be reshaped or better way would be to define this with a table. 
Table 2 MPR table for non-contiguous allocations

	MPR [dB]
	Allocation ratio

	8
	0 < A < 0.6

	10
	0.6 ≤ A < 1


Current requirement formula is based on allocation ratio and does not consider distance between alocations. With contiguous allocations, meeting in-band emissions was marginal [7]. For non-contiguous allocations for 256QAM, in-band emission requirement may become limitting condition especially in the case where two PRB’s are allocated with one non-allocated PRB in between.  We did not consider in-band emission in our data in Figure 2 since we see that IBE requirement is slighly ambiguous for non-contiguous allocations. 
In-band emission requirement is defined as “function of the RB offset from the edge of the allocated UL transmission bandwidth.” but for non-contiguous allocations there are two or more edges. More practically in note 9 the frequency offset from the allocated RB.

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

Also the allocated PRBs are referred,, “The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.” It is unclear will all allocated RBs be taken or one cluster at a time. Again, more practically in 
NOTE 6:
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  is the Transmission Bandwidth (see Figure 5.6-1).
It is not clear what is definition of Transmission Bandwidth for non-contigous allocations. 

The problem surfaces also in eLAA with interlaced waveform. We proposed a fix for this in eLAA WI [8] but this was not received positively since issue was agreed with Ericsson paper [9]. However, reading the Ericsson paper, it seems to considers only eLAA, not LTE. 
We believe the indicated way in [8] to extend the existing definition for non-contiguous allocations would be the best way to go. All the allocated PRBs will be taken in to account in calculating the in-band emission requirement but before agreeing to that, more data is invited. 
3. Conclusion

MPR data for UL256QAM was shown and discussed. One proposals was made:
Proposal 1: MPR for UL256QAM contiguous allocations

Table 1: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3

	256QAM
	≤ 6
	≤ 6

	256QAM
	>6 and ≤ 50
	≤ 7

	256QAM
	> 50
	≤ 8


Possible MPR method for was presented. It was also presented that in-band emission requirement for non-contiguous allocation may need to be revisited. 
Table 2 MPR table for non-contiguous allocations

	MPR [dB]
	Allocation ratio

	8
	0 < A < 0.6

	10
	0.6 ≤ A < 1
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