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1. Introduction

This contribution provides some first assessment of the PAPR impact for the tentative EVM requirements as derived in [2].
Also the potential of Tone Reservation PAPR reduction method as proposed in [3] is gauged by providing initial results.
2. PAPR impact of 8.5 % vs. 6.5 % EVM requirement
Contribution [2] provided some initial estimates for E-UTRA BS EVM requirements. Results obtained with “Method 1” indicate that an EVM requirement of 8.5 % should be sufficient for good average system performance, including 64QAM MCS and MIMO. This was obtained from averaging the Tput losses across fades resulting in unequal instantaneous Tput losses across the MCS envelope: the 64QAM MCS with 8 % Tput loss were “borrowing” from low Tput MCSs which had < 5 % Tput loss, so that on average the system suffered a 5 % Tput loss.
Contribution [2] also showed that the 64QAM MCS would require 6.5 % EVM to reach not more than 5 % Tput loss. Naturally, the use of all RBs with 64QAM MCS at maximum TX power is an unlikely event in actual system operation and therefore it was argued in [2] that the BS EVM requirement should be oriented towards the average, not the worst case. That is to say, that with an EVM requirement of 8.5 %, the system will suffer at all user locations < 5 % loss under practical fading conditions, but in a static (AWGN) peak rate test (all RBs with 64QAM MCS at maximum TX power) the Tput loss would be 8 % (see Fig. 4 in [2]). This slightly increased loss could be seen as “mitigation”, similarly to the proposal of reserving tones for TR PAPR reduction schemes [3].
Here we investigate the difference in PAPR@10e-4 after clipping of these 2 requirements (8.5 % vs 6.5 %). To provide some benchmarking with the HSDPA-level of EVM requirement, results for 12.5 % composite EVM are also added. The assumed clipper structure was similar to the “Circulated clipping and filtering” described in 25.814, Sect. 9.2.1.4.2. with 2 stages.
Simulation assumptions are as follows:

· 5 MHz E-UTRA with numerology according to TR 25.814, 12 resource blocks @ 25 subcarriers

· 48-tap RC filter for BB spectrum shaping against UTRA SEM with > 10 dB margin

· The EVM was defined similar to the proposal in [1]
· The composite EVM was split between clipper and other RF impairments as follows:
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The results are as follows (CCDF plots are attached in Appendix A):
	Composite EVM requirement
	Simulated PAPR @ 10e-4

	12.5 %
	5.9 dB

	8.5 %
	6.55 dB

	6.5 %
	7 dB


Table 1. Simulated PAPR results for “Circulated clipping and filtering”
These are idealised simulation results with no implementation margins included; in an actual implementation losses will occur and the PAPR figures would be higher. Looking therefore more at the relative impacts, we estimate that the PAPR increases by ~0.65 dB when reducing the composite EVM from 12.5 % -> 8.5 % and additionally by ~0.45 dB when reducing the EVM from 8.5 % down to 6.5 % for the given clipping assumptions.

3. Potential of Tone Reservation PAPR reduction method
Contribution [3] suggests investigating in RAN4 and probably in parallel in RAN1 as soon as possible the possibility of defining and using reserved sub-carriers to support TR schemes. Aside from the need for dedicated L1 support, which we think is undesirable; TR schemes have the drawback that the reserved tones reduce the spectrum efficiency and TX power available for the wanted signal. However, no indications of the required overheads (reserved tones, TX power) to achieve sufficient performance (PAPR) with practical schemes were provided in [3].

For a very initial assessment of the potential of this approach we have simulated TR in the flavour of [4] for the above scenario. 8 % (i.e. 24) of the subcarriers and 2x10 of the guard carriers were set aside for TR and the residual EVM across the RBs was < 0.5 %. The algorithm was driven into convergence, i.e. the amount of iterations was far higher than practically feasible. Also no other implementation constraints (e.g. power constraints on the reserved tones) were considered. Hence, the results are understood to be a bounding limit, rather than a realistic estimate what could be achieved in a real implementation. The CCDF statistics is provided in Fig. A.4. and shows a PAPR ~6.6 dB. This should be compared with the above results of the implementable “Circulated clipping and filtering” @ 7.7 % EVM which achieves slightly lower PAPR at a lower overhead regards Tput and power loss.
While we encourage further studies in RAN4 in the area of mitigation related to peak data rate EVM tests (“all RBs with 64QAM MCS at maximum TX power”), we think with the current state of agreements regards EVM requirements it is premature to initiate work on L1 modifications related to BS clippers in RAN WG1.
4. Conclusions

In light of the lower EVM requirements needed for E-UTRA and the related increase of the PAPR, it is seen as beneficial that RAN4 would develop and agree methodologies which allow deriving the EVM requirements as close to the required minimum for good system performance as possible and which would provide maximum scope for PAPR reduction.
We also think with the current state of agreements regards EVM requirements in RAN WG4 and based on these not promising results it is premature to initiate work on L1 modifications related to BS clippers in RAN WG1.
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Appendix A: CCDF plots
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Fig. A.1. CCDF Statistics with clipping noise budgeted at 7.7 % EVM, “Circulated clipping and filtering”
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Fig. A.2. CCDF Statistics with clipping noise budgeted at 5.5 % EVM, “Circulated clipping and filtering”
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Fig. A.3. CCDF Statistics with clipping noise budgeted at 12 % EVM, “Circulated clipping and filtering”
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Fig. A.4. CCDF Statistics with 8 % reserved tones, idealized TR PAPR reduction method [4]
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