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Introduction

In the LS [1] RAN WG1 asks RAN WG4 to:

A. Confirm, whether the current E-UTRA numerology given in TR25.814 is feasible 

B. Indicate the power per subcarrier that can be supported in order to meet the spectral mask for different modulation types
C. Indicate the effectiveness of different techniques that can be used (e.g. windowing, pulse or spectrum shaping, reduction in power per subcarrier ... etc) in meeting out of band emission requirements and their impact on the number of occupied subcarriers.

This contribution provides further information regarding spectrum shaping requirements for the 2.5 MHz E-UTRA BS in light of the above questions. Some earlier results in this area can be found in [4,7]. Further considerations regarding specification of E-UTRA BS spectrum shaping are provided in [9].
There is no agreement in RAN4 yet which concept will be used for defining OOB emission limits. The current status of the discussions in RAN4 regarding “Out-of-band emission” is summarized in [2]. It is pointed out in ‎[2] that Out-of-band (OOB) emissions for E-UTRA does not necessarily have to be specified as a spectrum mask, or that it has to be identical to the UTRA mask. What is seen as important is that assurance is provided for co-existence, through ACLR, spectrum mask or other limits on Out-of-band emissions. There are currently 2 proposals for specifying Out-of-band (OOB) emission limits for the BS: ASSL [6] and SEM [4,5]. Contribution [8] discusses these options and recommends E-UTRA OOB requirements to be primarily based on a SEM concept. We will use in this study 2 different SEM assumptions.
There are not yet any DL co-existence results specifically for the 2.5 MHz E-UTRA scenarios available in order to derive SEM requirements. Hence, the results of this study can only be based on “guessed” SEM assumptions and are therefore somewhat speculative at this point in time. 
The 2 different SEM assumptions used in the following are:

SEM1: UTRA SEM shifted to the 2.5 MHz E-UTRA band edge (1250 kHz offset). This is more stringent than required by the FCC Part 24 recommendation.

SEM2: UTRA SEM shifted to the 2.5 MHz E-UTRA band edge, but with a ~3 dB relaxed requirement in the first 1 MHz outside the band edge in order to be in line with the FCC Part 24 rules (see also [5]). The "-26 dB modulation bandwidth" to define the MBW for the -13 dBm emission limit in the first 1 MHz outside the band edge is assumed to be 2.5 MHz. This leads to a 25 kHz-measurement bandwidth which was converted to a level of  -14 dBm / 20 kHz with a “safety margin” of ~0.03 dB. 

Thus, the SEM2 is assumed as follows:

“SEM2” assumption for 2.5 MHz E-UTRA BS
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII, VIII
	Measurement bandwidth2

	1250 kHz  f < 1450 kHz
	1260 kHz   f_offset < 1460 kHz  
	-14
	20 kHz 

	1450 kHz  f < 2250 kHz
	1460 kHz   f_offset < 2260kHz
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	20 kHz 

	(see note 3)
	2260k Hz   f_offset < 2750 kHz 
	-28 dBm
	20 kHz 

	2250 kHz  f  fmax
	2750 kHz   f_offset < f_offsetmax 
	 -13 dBm
	1 MHz


Simulation Assumptions
The OFDM numerology should be such as to allow generation of an (unclipped) BB signal which provides sufficient margin against the SEM (e.g. ~10 dB) at the assumed BS maximum TX power, so that there is enough headroom for the other RF impairments such as clipping noise and IMD from the PA. This applies to the OOB emissions as well as EVM (e.g. due to ISI from TX filters). This requires then some design partitioning between the unclipped BB signal and the rest of the TX chain which is, however, BS implementation dependent. The simulation parameters in Table 1 have been assumed here for the BB signal unless stated otherwise. Not all the filters, sampling rate conversions and impairments present in an actual transmitter were modelled; neither have the used filters been optimised.
Table 1. Simulation parameters for BB signal spectrum studies
	
	Item
	Value
	Comment

	1
	Numerology
	TR 25.814, Table 7.1.1-1
	· Short CP (18 samples) was used for all 7 symbols

	2
	OOB requirement
	SEM1, SEM2
	See above definition

	3
	FCC part 24 "-26 dB modulation bandwidth"
	< 2.5 MHz
	See above discussion 

	4
	Emission limits for unclipped BB signal
	~10 dB margin to SEM
	Depends on BS implementation

	5
	BS maximum TX power
	46 dBm
	Depends on BS implementation

	6
	Used modulation on the 6 RBs
	1xQPSK / 2x64QAM / 2x16QAM / 1xQPSK
	

	7
	Digital BB signal representation
	Floating point
	

	8
	Analog BB impairments
	Not modeled
	

	9
	EVM for unclipped BB signal (e.g. due to ISI from TX filters)
	1% / -40 dBc
	· Depends on BS implementation.
· This value should be met even if the average delay profile of the ITU Ped B channel is present
· No RX filtering is assumed in the EVM measurement

	10
	Definition of EVM
	Similar to [10]
	

	11
	Over-sampling rate
	4x
	

	12
	Studied spectrum shaping methods
	a) RRC FIR at 1x
b) Time-domain triangular windowing
	See Appendix A

	13
	BB TX filters in addition to spectrum shaping filter
	· 49-tap 4x interpolation FIR filter

· “analog” 3rd order Chebychev IIR image rejection filter
	· See Appendix A

· These provide additional OOB attenuation

	14
	Passband ripple
	< 0.5 dB
	Suitable requirement FFS

	15
	Clipping (for PAPR reduction)
	Off
	For BB signal spectrum studies


Regarding item 9: the impulse response (IR) from TX filters will consume some of the CP, thus degrading the capability for multipath rejection. This degradation depends on the details of the spectrum shaping method (i.e. composite TX filter IR, or the time-domain windowing overlap) and we haven’t found a simple metric how to quantify this degradation. I.o.w, how much is the TX side allowed to “eat” from the CP and how much is too much? Probably the proper way to asses this would be to average the resulting ISI (C/I degradation) over a wide range of MP channel profiles for given TX/RX filter combinations, similar as done in [11] for determination of required CP duration.

Instead, a simple ad-hoc “sanity check” was used here: we require that the EVM due to ISI in presence of the ITU Ped B is still < 1 %. The ITU Ped B (copied into Appendix B) is the channel with the largest time dispersion used in the TS 25.101 HSDPA demodulation requirements. Looking then at the whole system performance, also the UE RX filters will consume additional space within the CP. However, UE RX filtering has not been included in the simulations here. 

In general, the question of how to appraise CP consumption due to TX-RX filtering and the system design trade-off vs. the # of required guard carriers may warrant further discussion in RAN4.

Simulation Results

FIR filtering
Fig. 1 shows the PSD of the unclipped BB signal up to 3 MHz above the band edge when using the 59-tap FIR filter (refer to Appendix A). The requirements of Table 1 were met, albeit with not much margins left.
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Fig. 1. PSD of the unclipped BB signal, 59-tap FIR filter
The 1% EVM requirement can only be met on the band-edge RBs if the UE receiver performs fine time synchronisation in terms of maximising the energy of the composite IR within the CP in order to minimise ISI as mentioned in [10]. Fig. 2 shows the magnitude of the composite IR
 in its timing relationship to the FFT processing window and the CP duration due to the TX filters alone, and in Fig. 3 additionally with the convolved ITU Ped B channel profile. In both cases fine time synchronisation for EVM minimization < -40 dBc was performed. As can be seen, the composite IR due to the TX filters is ~60 samples long, but most of the energy is concentrated within a few samples. The addition of the Ped B channel profile tends to spread the energy, but nevertheless it remained largely confined within the CP and ISI could be kept < -40 dBc.
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Fig. 2. Magnitude of the composite IR in relation to the CP
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Fig. 3. Magnitude of the composite IR including ITU Ped B channel profile in relation to the CP

Time-domain windowing 
Fig. 4. shows the PSD of the unclipped BB signal using time-domain triangular windowing with 10 samples overlap for spectrum shaping for comparison with Fig. 1. Even when consuming 56 % of the CP, the signal PSD shaped with time-domain windowing comes not even near in fulfilling the assumed SEMs. 

It appears that time-domain windowing is unsuitable to deal with stringent OOB requirements (such as this 2.5 MHz E-UTRA) case and FIR filtering is clearly the preferred approach. 
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Fig. 4. PSD of the unclipped BB signal, time-domain windowing with 10 samples overlap

Conclusion

Based on the finding of this study we conclude for the questions raised in [1] from the BS perspective as follows:
A. Confirm, whether the current E-UTRA numerology given in TR25.814 is feasible 
There is no agreed spectral mask yet for the 2.5 MHz E-UTRA option and therefore this analysis was based on “shifted” UTRA SEM assumptions. With this assumption, the 2.5 MHz E-UTRA numerology given in TR25.814 appears feasible with an assumed BS maximum TX power <= 46 dBm and other design parameters as provided in Table 1. 

The suggested # of subcarriers of 151 in TR 25.814 appears to be appropriate. We don’t see any scope for adding more subcarriers as this is likely to degrade one or more of the design parameters provided in Table 1
B. Indicate the power per subcarrier that can be supported in order to meet the spectral mask for different modulation types
The PSD does not depend in any significant manner on the modulation type as such. A supported maximum TX power of 46 dBm translates into a supported power per subcarrier of 46 – 10*log10(150) = 24.2 dBm.
C. Indicate the effectiveness of different techniques that can be used (e.g. windowing, pulse or spectrum shaping, reduction in power per subcarrier ... etc) in meeting out of band emission requirements and their impact on the number of occupied subcarriers.

It appears that time-domain windowing is unsuitable to deal with stringent OOB requirements (such as this 2.5 MHz E-UTRA) case and FIR filtering is clearly the preferred approach. Even when consuming large parts of the CP, the signal PSD shaped with time-domain windowing came not even near in fulfilling the assumed SEMs. With FIR filtering the time dispersion of the signal can be better controlled compared to windowing. 

It also appears that with a FIR-filter based spectrum shaping approach there are more parameters available to control the OOB in the desired way and to perform trade-offs with regard to filter length vs. CP consumption (ISI, EVM). The windowing functions on the other hand need to fulfil additional criteria (i.e. Nyquist condition, windowing overlap < CP duration) and appear less flexible in this respect.
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Appendix A: BB filters used in the simulations
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Fig. A.1. Magnitude response of the 59-tap FIR spectrum shaping filter
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Fig. A.2. Magnitude response of the 49-tap 4x interpolation FIR filter
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Fig. A.3. Magnitude response of the “analog” 3rd order Chebychev IIR image rejection filter
Appendix B: ITU Pedestrian B channel (from TS 25.101)
	ITU Pedestrian B

Speed 3km/h

(PB3)

	Relative Delay

 [ns]
	Relative Mean Power 

[dB]

	0
	0

	200
	-0.9

	800
	-4.9

	1200
	-8.0

	2300
	-7.8

	3700
	-23.9
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� The composite IR has been obtained via IFFT from of the per-subcarrier complex amplitude/phase correction values � EMBED Equation.3  ��� used in the EVM measurement as described in [10]
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