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1. Introduction

In RAN4 meeting #45 the proposal in [1,2] to have the manufacturer declare the eNB power control dynamic range and the total power dynamic range was not accepted.  Hence, this contribution proposes tentative eNB TX dynamic range requirements for further discussion within RAN4.
2. Discussion

Similar to UTRA, eNB TX dynamic range requirements could be divided into requirements for
1. RE Power control dynamic range

2. Total power dynamic range relative to a minimum resource allocation
These will be discussed in the following.
2.2 Power control dynamic range
2.2.1 Definition of Power control dynamic range
As will be discussed in Sect. 2.2.4, we foresee quite similar power control dynamic range requirements for the various physical channels (PDSCH, PDCCH, RS, …).  Therefore it may perhaps be best to define it generically on basis of ratio of EPRE in order to simplify the specification. However, the different modulation methods may lead to different RE PC control requirements as will be shown in the following.
The EPRE shall be measured after FFT and synchronization within a signal analyzer, i.e. as an average RE symbol energy in the frequency domain, see related concepts within the EVM definition. Conceptionally, EPRE  corresponds to CDP in UTRA.
One could define RE dynamic range as follows:
RE dynamic range := EPRE / average_EPRE_at_max_power

Average_EPRE_at_max_power is the average EPRE obtained from a test of eNB maximum output power. 
Alternatively the quantity  Maximum output power – 10*log10 (N_RB*N_SC) could be used, but this is measured with RF power meter in the time domain and it may be more consistent (accurate) to measure all related powers in frequency domain. For such issues feedback from TE vendors would be welcome.
In testing, some averaging of RE dynamic range (over PRB, CCE,…) should perhaps also be done, this is FFS. 

The quantity RE dynamic range (dB) can be positive or negative, depending on RE power up/down and minimum requirements can be considered for these up/down limits specifically.
2.2.2 Relationship to other eNB TX requirements
Following TX requirements will be harder to fulfill in the presence of RE power control:

· OOB requirements (ACLR, SEM, FCC, …) due to increased levels of PA IMD3 products. This is an issue for RE power up.
· SEM, FCC at the channel edge and also the EVM “window length” requirements due to tighter OOB filtering requirements. Longer spectrum shaping filters may be required leading to increased CP consumption. This may make the “window length” requirements (TR 36.805, 6.8.1.1.6) more difficult to fulfil, in particular, for the E-UTRA BW options < 5 MHz. This is also an issue for RE power up.
· EVM requirement for RE power down, this is mainly an issue for 64, 16 QAM modulated REs.
In the following we assume that power control dynamic range is a general and not a regional requirement (as for UTRA). 

2.2.3 Impact on TX requirements
2.2.3.1 Impact on OOB requirements 
The following PSD measurement results with RB power boosting provide some appraisal of the issue from an eNB implementation perspective.
Fig. 1 shows measured PSD results for a 45 dBm 5 MHz LTE signal and the UTRA SEM (incorporating the FCC requirements). The black curve is for a flat power allocation where as the blue curve has 4 dB higher power on some of the channel edge RBs; the total TX power remained the same. The upper ACLR for the black reference curve was 56.2 dBc and as can be seen, for the blue curve this was reduced by some 1.5 dB. Fig.1 shows that power reduction would be needed for the 4 dB boosted signal in order to meet the FCC requirement.
Fig 1. 4 dB higher power on channel edge vs flat power allocation
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Fig 2. shows additionally the case of 8 dB higher power on the channel edge (blue curve). Here ~1 dB power reduction was needed (and applied) to meet the FCC requirement due to asymmetric spectrum and 2.4 dB lower ACLR. 

Fig 2. 8 dB higher power on channel edge 
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Finally, Fig. 3 shows a scenario with IMD3 “ripples” in which some RBs where boosted by 3 dB, respectively 6 dB with the remaining RBs switched off. ~0.5 dB power reduction was applied for the 3 dB boost in order to restore the FCC requirement and clearly > 0.5 dB power reduction would be needed for the 6 dB boost. 

Fig 3. 3 and 6 dB higher power 
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Based on these findings we have the following understanding regarding the impact of RE power boosting on OOB requirements:

· Even though the E-UTRA SEM has some built-in margin against IMD3 “ripples” due to unequal EPRE, we are concerned about eNB power reduction impact due to other regional regulatory requirements, such as FCC requirement

· In any case, unequal EPRE will lead to unequal ACLR cases (Fig. 2), also affecting operation with OOB requirements comprising only E-UTRA ACLR and SEM
· Our current understanding is that in order to keep impact on eNB TX small (e.g. power reduction ~0.5 dB), RE boosting should be limited to ~3 dB

· Any larger RE boosting requirement should have a good justification from system performance point of view and would need to be carefully assessed within RAN4, e.g. by corresponding (system) simulations.
2.2.3.2 Impact on EVM requirements 
Assuming a TX signal at maximum power, RE power down will lead to reduced TX SNR as the clipping noise floor will remain nearly constant and this would effectively require a lower EVM requirement. E.g. switching one PRB off will lower TX power only by 0.044 dB for a 20 MHz E-UTRA signal, therefore there will be nearly the same clipping noise as at maximum TX power. Fig 4. shows the impact on the 64QAM EVM requirements due to RE power down for such a scenario.
Fig 4. Impact on 64QAM EVM requirements - RE power down
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Fig 5. Impact on EVM requirements – effective required EVM for this scenario
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Fig 5 shows the effective required EVM for the various modulation formats as a function of RE power down for this scenario. We recommend not to change the EVM requirement due to Power control dynamic range requirements and propose therefore the following “cut-off” of the maximum RE power down to be considered, so that the effective required EVM does not become more stringent as without PC (assuming EVM = 8%):
Table 1, maximum RE power down to be considered, assumed EVM = 8%
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However, the required negative dynamic range should still be justified from PC use cases and may be less than indicated in this table.

2.2.4 Requirements from DL PC use cases
Appropriate requirements for RE dynamic range for the various physical channels and use cases would need to be assessed by corresponding link and system simulations. Given the tight time schedule within RAN4 for finalizing the TX specification, this may not be a very practical way forward. In the following we summarize our understanding for the various physical channels and use cases based on existing RAN1 contributions and a PDCCH dynamic range study as summarized in Annex 1 of this contribution:
· PDSCH

· Dynamic scheduling: 

+0 / -0 dB sufficient, QoS aware PS, ATB (see R1-072974)

· persistent scheduling: 
 
+0 / -0 dB sufficient, similar to dynamic scheduling, ATB

· DL ICIC: at most +4/-4 dB, still no or marginal gain compared to QoS aware PS (see R1-072974, R1-073679)

· PDCCH:






+4 / -5 dB sufficient (for simulation results, see Annex 1)

· RS boosting:
 




+3 dB required (e.g. 2TX) and appears sufficient (see R1-071640)
In our understanding, PDCCH and RS RE boosting would be the most relevant use cases for DL PC. These are QPSK modulated REs, there appears less justification to require DL PC for 16/64QAM modulated REs.
2.2.5 Proposal for power control dynamic range

Based mainly on our understanding of the requirement from the various use cases as shown in the previous Section as well as the mentioned impacts on the other eNB TX requirements we propose for power control dynamic range the minimum performance requirements as per Table 2 in order to initiate the discussion in RAN4 and we welcome feedback from other companies. Unwanted emissions (as specified in subclause 6.6 of TS36.104) and Transmit modulation quality (as specified in subclause 6.8) shall be maintained within the indicated dynamic range.
Table 2. Proposal for power control dynamic range
	
	RE dynamic range

(EPRE/ average_EPRE_at_max_power)

	QPSK
	+[3...4] / [-6] dB (PDCCH RE)

[+3] / [-6] dB other RE

	16QAM
	[+3] / [-4] dB

	64QAM
	[+0] / [0] dB


As a caveat, any related UE RX impacts from RE dynamic range were not analyzed here (ref. R4-072073) and may also require considerations.
2.3 Total power dynamic range
Similar to UTRA one may wish to define as Total power dynamic range the ratio of eNB maximum TX power relative to a minimum resource allocation for specified reference conditions. As a starting point one can consider allocation of 1 PRB only, which would lead to a Total power dynamic range of 10*log10(N_RB) . In addition one may consider PRB power down according to Table 2 and the assumed modulation method (0 … -6 dB). However, from a system perspective there may not be a need to power a 1 PRB allocation down as there is neither a need to re-distribute power nor much interference to be reduced towards other cells. Also from an eNB implementation perspective unnecessary large Total power dynamic range requirements should be avoided for the case of the larger E-UTRA BW options (e.g. 15, 20 MHz). As a starting point for discussion we propose in Table 3 to add 3 dB to the 10*log10(N_RB) requirement, regardless of the modulation scheme used on the PRB, to capture possible PRB power down. Alternatively, modulation dependent additional PRB power down value (e.g. 6 dB for QPSK) could also be considered. 
Table 3. Proposal for Total power dynamic range
	E-UTRA channel bandwidth (MHz)
	Total power dynamic range relative to maximum TX power [dB]

	1.4
	[8 +3]

	3
	[12 +3]

	5
	[14 +3]

	10
	[17 +3]

	15
	[19 +3]

	20
	[20 +3]


3. Conclusion
This contribution proposed eNB TX dynamic range requirements for further discussion in RAN4.
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Annex 1: Simulation results for PDCCH power control dynamic range study
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