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Introduction

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

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

2) Indicate the power per subcarrier that can be supported in order to meet the spectral mask for different modulation types
3) 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.

In the Tallinn meeting RAN4 gave their response to RAN1 in the LS [2]. Based on e.g. [3] for the 2.5 MHz bandwidth option it was concluded that:
Bandwidths below 5 MHz (1.25, 2.5MHz) require more stringent filtering techniques which may impact system performance due to reduction in effective CP length.  If it is found that sufficient CP length cannot be maintained to meet OOB emissions and coexistence requirements  then some change in numerology may be necessary for certain bandwidths below 5 MHz.
It was also noted that other system impacts such as the relationship between EVM, ACLR, peak rate and throughput have not been fully investigated. In particular, some companies raised concerns regarding the impact of the ISI as induced by the spectrum shaping filters on 64QAM Tput performance.

In Tallinn, RAN WG1 also reached agreement on the RB size issue. It was decided that the number of SCs in a RB is 12. Since this total number of SCs for 2.5 MHz option does not divide by 12 it was left undecided what should be done with those extra SCs. In this contribution it is assumed the excess SCs are not used. 
This contribution provides information regarding the spectrum shaping and the link level performance for the 2.5 MHz E-UTRA BS in light of the discussion above. The feasibility of the spectrum shaping requirements as well as the impact of the spectrum shaping filters on the BLER of a 64QAM MCS is studied.
Simulation Assumptions
The simulation parameters for the spectrum shaping and the link simulations are presented in Table 1. The parameters are based on the ones presented in [3] and 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. 

There is no agreement in RAN4 yet which concept will be used for defining OOB emission limits. In this contribution the SEM assumption is the one presented in [[3]].
The basic idea in the link simulations here is to explore the worst case link performance with and without the spectrum shaping FIR filter.  For this purpose 64QAM with 5/6 code rate was chosen. Only the band edge RBs were allocated for user data as the performance loss is understood to be largest for these RBs (i.e. worst case). Since the impact of interpolating FIR and analog IIR filters on the EVM is negligible only the spectrum shaping FIR running on the 1x FFT sampling rate has been modelled for link simulations (for filter details, see appendix A). 
Table 1. Simulation parameters for BB signal spectrum studies
	
	Item
	Value
	Comment

	1
	Numerology
	Current numerology as agreed in Tallinn
	· Short CP (18 samples) was used for all 7 symbols
· 144 sub-carriers assumed

	2
	Number of occupied RBs in link simulations
	2
	One 12 SC-RB at each band edge (worst case)

	4
	OOB requirement
	SEM1, SEM2
	See [[3]] for details

	5
	Emission limits for unclipped BB signal
	~10 dB margin to SEM
	Depends on BS implementation

	6
	BS maximum TX power
	46 dBm
	Depends on BS implementation

	7
	Used modulation and coding
	64QAM, rate 5/6 turbo codes
	In the RX, 8 decoding iterations were used

	8
	MIMO mode
	1 TX, 2 RX
	

	9
	Channel estimation
	Pilot-based
	

	10
	Detection method
	LMMSE
	

	11
	Channel model
	ITU Pedestrian B
	Used in BLER simulations

	12
	Mobile velocity
	3 km/h
	Used in BLER simulations

	13
	Digital BB signal representation
	Floating point
	

	14
	Analog BB impairments
	Not modeled
	

	15
	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

	16
	Over-sampling rate
	4x
	No over-sampling in BLER simulations

	17
	Spectrum shaping method
	 FIR with 65 taps at 1x
	See Appendix A

	18
	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
· Not used in BLER simulations

	19
	Passband ripple
	< 0.5 dB
	Suitable requirement FFS

	20
	Clipping (for PAPR reduction)
	Off
	


Simulation Results

FIR filtering
Figure 1 shows the PSD of the unclipped BB signal up to 3 MHz above the band edge when using the 65-tap FIR filter (refer to Appendix A). The requirements of Table 1 were met, albeit with not much margins left.
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Figure 1. PSD of the unclipped BB signal, 65-tap FIR filter
The FIR spectrum shaping filter taps are plotted in Figure 2. For comparison, the CP length is illustrated as well. Although the duration of the FIR filter impulse response is larger the CP duration, most of the energy is concentrated within a few samples. Even when considering further convolution with a dispersive channel such as the ITU PB3, the CP is likely cover the essential part of the impulse response. 
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Figure 2. FIR filter taps compared with the CP length.
BLER performance

The SNR vs. BLER curves in Pedestrian B channel are presented in Figure 3. The details of the channel model are shown in appendix B. As can be seen, the degradation due to the spectrum shaping FIR filter is only about 0.1 dB. It should be noted that in this figure the performance of two band-edge RBs was studied and the gap between the two curves is likely to be even less at the other RBs. Clearly sufficient Tput performance can be achieved with this kind of filtering.
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Figure 3. SNR vs. BLER, Pedestrian B channel, 2.5 MHz bandwidth, with and without FIR filtering.
Conclusion
In this contribution, the feasibility of the spectrum shaping filter requirements for the 5 MHz E-UTRA option was evaluated. Both the PSD properties and the BLER impact of a 64QAM MCS were studied. 

It was shown that using an FIR filter for spectrum shaping sufficient OOB attenuation can be achieved. Link simulation show the FIR filtering causes only negligible degradation in link performance (about 0.1 dB) in ITU Pedestrian B channel. While evaluation of a single multipath channel model does not constitute a rigorous proof, it is nevertheless believed that numerology for 2.5 MHz of 144+1 subcarriers is feasible with minimum Tput degradation using the indicated FIR filtering.
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Appendix A: BB filters used in the simulations
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Fig. A.1. Magnitude response of the 65-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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