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1. Introduction
MPR and A-MPR were discussed in RAN4#77 in Anaheim. Agreement was found for 1.4 MHz system BW [1] but other system BW were left for further study. For wider bandwidths, the emission requirements need to be considered since relative emission requirements depend on RB locations. This paper discusses what kind of emission requirements UE needs to meet depending on RB position and concludes a single set of requirements that can be used for MPR analysis.  
2. Discussion

The definition of transmission bandwidth configuration for eMTC UE is unclear because only 6 RB’s can be configured for UE. For eMTC UE, the LO will be in center of allocated RBs. If other than defined 6 RB’s need to be allocated, UE needs to retune the LO where the allocated RBs are. 

2.1. Emission mechanisms   
The emission limits relative to UE LO position depend on RB allocation. Emission requirement are drawn for different allocation in Figure 1 for normal UE and in Figure 2 UE that has LO in the center of allocated 6 RB’s. For simplicity, we will call UE type in Figure 1 a “normal” and UE type in Figure 2 an “eMTC” UE. 
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Figure 1 Emission limits and typical TX spectrum for UE with LO in centre of channel BW, ”normal UE”
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Figure 2 Emission limits and typical TX spectrum for eMTC type UE
It should be noted that measurement BW for the emission limits vary and interpretations of meeting or not meeting the limits can not be done from a single graph.

Studying Figures 1 and 2 yields observation that emissions and their mechanisms are different and relaxations to meet emissions should not be applied directly from analysis made for different type of UE. Also it can be observed that the reach of IQ image fold and CIM3 (and CIM5 not shown in figures) is much smaller for eMTC UE than for normal UE. This was discussed also in [2-4]. The spectral regrowth is similar in both UEs and RAN4 should study if we can assume exactly same spectral regrowth or not. Special cases are A-MPR for NS-07 [2] and NS-12 [4] which may be limited by CIM5 and CIM3.
2.2. PA models for eMTC
New power class power level was discussed extensively in previous RAN4 meetings and agreement for 20 dBm new power class was made [6]. The discussions [7-10] then justified lower power class by enabling implementation of higher integration level, longer battery life and usage of CMOS PA’s. However, linearity of the CMOS PA was not discussed. In order to enable integration, the PA would need to be realized with standard CMOS, not RF optimised CMOS. Standard CMOS exhibits a stronger bulk coupling which is emphasized with higher voltage levels and visible as non-linearity. This phenomena is shown in Figure 3 where AM-AM (a) and AM-PM (b) curves of two PA’s have been plotted. Output power capability is the same for both PA’s but the “eMTC” CMOS PA is less linear. 
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Figure 3 AM-AM (a) and AM-PM (b) curves of two PA’s
The corresponding spectrums plots are shown in Figure 4 for two system BW’s. The chosen eMTC PA has larger spectral regrowth but no IQ image fold CIM3 when 6 RB are allocated but when only one RB is allocated, also eMTC UE will have these impairments but the reach is smaller.
[image: image4.emf]
Figure 4 Spectrum plots of normal PA and eMTC PA in 1.4 MHz system BW (a) and 10 MHz system BW (b) and one RB allocated in 10 MHz system BW (c)
As a summary, we propose that companies in RAN4 should focus on using a PA model in their MPR and A-MPR analysis for eMTC UE. Otherwise, requirements may end up forcing vendors to use highly linear GaAs PA and target of low cost implementation will not be met.
Proposal1: PA models for eMTC MPR and A-MPR analysis should be derived from optimised eMTC PA’s.

2.3. Emission limits 
RAN4#77 discussed the possibility to define a single emission requirement eMTC which would be constructed in such way that outside channel BW emission limits would be based on corresponding system BW emission limits, in the guard band emission limit would be in band emission limits but the transmission bandwidth configuration would be only 6 RB’s. The idea is shown in Figure 5.
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Figure 5  Discussed merged emission limits for eMTC UE for 20 MHz system BW (a) and 5 MHz system BW (b)

The advantage of this method would be that all emission would be tested with a single test point. The alternative to this method is to test eMTC UE in both edges of system BW to catch a sub-performing UE against out of band emissions and in the middle to catch an UE against in band emissions. This will result three time more test points for eMTC UE which will increase solution cost.
After offline discussions, we would prefer not to proceed with this method because RAN4 would need to agree and re-define all emission limits and further more similarly all receiver requirements involving out of band (channel) aspects like blocking. Adding test points to the test plan does not increase test time significantly and the testing procedure can be inherited from existing tests.

As a conclusion, the emission limit setup for eMTC UE is shown in Figures 1 and 2. The UE needs to be tested in three different locations to capture non-equal spectral regrowth (both edges of system BW) and narrowband near transmission spurs (inband emissions). The middle location may not be needed since the requirement is more relaxed but caution should be exercised since in a bad sample, IQ image fold may violate inband emissions but not out of band emission limits. 
Proposal2: No new emission limits should be defined for eMTC UE but the testing should be done in multiple locations of the system BW.

If the both proposals are agreeable, we would encourage RAN4 to study the needed MPR and A-MPR with these assumptions and work towards agreement of MPR and A-MPR tables in next RAN4 meeting (RAN4#78).   

3. Conclusion

The emission limit setup for eMTC UE was discussed. It was noted that an optimized eMTC CMOS PA may not be equally linear as current PA models may predict. We then proposed to focus on eMTC PAs in RAN4 work.

Proposal1: PA models for eMTC MPR and A-MPR analysis should be derived from optimised eMTC PA’s.

Additionally, emission limits for eMTC UE was discussed and to simply both RAN4 and RAN5 workflow, we proposed to derive emission limits for eMTC UE based on existing limits.
Proposal2: No new emission limits should be defined for eMTC UE but the testing should be done in multiple locations of the system BW.
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