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1. 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 sub carrier 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 sub carrier ... etc) in meeting out of band emission requirements and their impact on the number of occupied sub carriers.

RAN WG4 answered the LS in [2], which also indicates that more studies are needed in the area.

1. RAN4 has not completely addressed the effectiveness of different techniques that can be used (e.g. time windowing, FIR spectrum shaping, reduction in power per sub-carrier, digital pre-distortion ... etc) in meeting out of band emission requirements. Further work in this area is best addressed in RAN4 due to its intimate knowledge of RF requirements (e.g. OOB emissions, EVM) and coexistence issues. 

This contribution provides further information regarding spectrum shaping requirements for the E-UTRA FDD UE in light of the above questions.
2. Discussion

2.1 Assumptions
As RAN4 has not made any agreements regarding the SEM and OOB emissions following assumptions are done in this analysis.
1.) The SEM for 5MHz WB is equal to WCDMA SEM and for other BW options mask is scaled based on the BW except within the first MHz adjacent to the band edge.
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Figure 1. SEM assumption for +24dBm LTE UE
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Figure 2. SEM assumption for +24dBm LTE UE, whole SEM presented with 30kHz RBW
2.) OOB emissions are in line with ITU category B recommendations that start at 250% of system band width

3.) The emission mask also meets the FCC part 22 and part 24 band edge requirement of -13dBm / 1% of system BW
4.) The base band signal without RF impairments and nonlinearities has at least 10dB margin to assumed SEM and that the EVM of the base band signal and PedB or SCM-C channels is less than -28dB (~4%).
5.) Following FDD UL numerology has been used:

The analysis has been made for full band width transmission and for 1 RB only located at the edge of the transmitted signal. What should be noted that the 1RB case is always the worst case scenario from the spectrum emission mask point of view as the PSD is higher than in full band width case.
Parameters for uplink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sampling frequency 
	1.92 MHz)
	3.84 MHz
	7.68 MHz
	15.36 MHz
	23.04 MHz
	30.72 MHz

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of sub-carriers per RB
	12
	12
	12
	12
	12
	12

	Number of RBs
	1 and 6
	1 and 12
	1 and 25
	1 and 50
	1 and 75
	1 and 100

	Number of SCs
	12 and 72
	12 and 144
	12 and 300
	12 and 600
	12 and 900
	12 and 1200

	BW efficiency
	86.4%
	86.4%
	90%
	90%
	90%
	90%


Parameters for Uplink Transmission Scheme 

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/144/256
	33.33/72/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/72/128
	33.33/36/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


2.2 Description of the simulation chain
The simulator chain is described in the figure below:
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Figure 3. Simulator block diagram

The SC-FDMA numerology should be such as to allow generation of a BB signal, which provides sufficient margin against the SEM (e.g. ~10 dB) at the assumed UE maximum TX power, so that there is enough headroom for the other RF impairments and nonlinearities in transmit chain and PA. This applies to the OOB emissions as well as EVM (e.g. due to ISI from TX filters). 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
	UE maximum TX power
	24 dBm
	

	2
	Used modulation
	16QAM
	

	3
	Digital BB signal representation
	Floating point
	

	4
	Analog BB impairments
	Not modeled
	

	5
	DAC
	Same number of bits as in HSPA capable UE
	

	6
	Analog filter
	Same kind of implementation as in HSPA capable UE
	

	7
	EVM for BB signal (e.g. due to ISI from TX filters)
	4% / -28 dBc
	· Depends on UE implementation.

· This value should be met even if the average delay profile of the ITU Ped B / SCM-C channel is present
· No RX filtering is assumed in the EVM measurement

	8
	Definition of EVM
	EVM measured after equalization
	Zero forcing equalization used

Channel estimation done from long blocks. Impact of more realistic channel estimation based on the short blocks to be studied later.

	9
	Over-sampling rate
	8x +2x up to 5MHz

4x + 2x for 10MHz and above
	2x over sampling and sample and hold in DAC

	10
	Studied spectrum shaping methods
	FIR filtering
	

	11
	Pass band ripple
	< 0.5 dB
	Suitable requirement FFS


2.3 Analysis of 5MHz BW option
The PSDs for 5MHz BW option for 25 and 1 RB transmissions is shown below:
Center to 250%*BW










BW edge – 500kHz to BW edge + 1000kHz
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Figure 4. PSDs of 5MHz BW option
The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	1.3%

	SCM-C
	2.0%


The simulations show that the numerology for 5MHz BW option seems feasible. There’s always more than 10dB margin to SEM for BB signal and EVM with both Ped B and SCM-C channels is below the target.
2.4 Analysis of 10MHz BW option

The PSDs for 10MHz BW option for 50 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 1000kHz to BW edge + 1000kHz
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Figure 4. PSDs of 10MHz BW option

The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	0.5%

	SCM-C
	1.0%


The simulations show that the numerology for 10MHz BW option seems feasible. There’s always more than 10dB margin to SEM for BB signal and EVM with both Ped B and SCM-C channels is below the target.
2.5 Analysis of 15MHz BW option

The PSDs for 15MHz BW option for 75 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 1000kHz to BW edge + 1000kHz
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Figure 4. PSDs of 15MHz BW option

The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	0.5%

	SCM-C
	1.0%


The simulations show that the numerology for 15MHz BW option seems feasible. There’s always more than 10dB margin to SEM for BB signal and EVM with both Ped B and SCM-C channels is below the target.
2.6 Analysis of 20MHz BW option

The PSDs for 15MHz BW option for 100 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 1000kHz to BW edge + 1000kHz
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Figure 4. PSDs of 20MHz BW option

The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	0.5%

	SCM-C
	1.0%


The simulations show that the numerology for 20MHz BW option seems feasible. There’s always more than 10dB margin to SEM for BB signal and EVM with both Ped B and SCM-C channels is below the target.
2.7 Analysis of 1.25MHz BW option

The PSDs for 1.25MHz BW option for 6 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 500kHz to BW edge + 1000kHz
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Figure 4. PSDs of 1.25MHz BW option

The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	2.0%

	SCM-C
	4.0%


The simulations show that the numerology for 1.25MHz BW option seems NOT feasible. There’s not enough margin to SEM for BB signal. EVM with Ped B channel is clearly below the target but with SCM-C channels the target is only just and just met.

The analysis was repeated for same number of RBs but with 1.4MHz RF BW.
The PSDs for 1.25MHz BW option with 1.4MHz RF BW for 6 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 500kHz to BW edge + 1000kHz
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Figure 4. PSDs of 1.25MHz BW option with 1.4MHz RF BW

The new simulations show that the numerology for 1.25MHz BW option with 1.4MHz RF BW seems feasible. There’s always enough margin to SEM for BB signal. With relaxed SEM requirements further optimization of spectrum shaping filter to minimize the EVM is possible. In addition to the SEM and EVM the 1.4MHz BW would be better also from channel raster point of view as it would not require less than 100kHz raster.
2.8 Analysis of 2.5MHz BW option

The PSDs for 2.5MHz BW option for 12 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 500kHz to BW edge + 1000kHz
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Figure 4. PSDs of 2.5MHz BW option

The EVM results are shown in table below:
	Channel
	EVM

	Ped B
	1.5%

	SCM-C
	2.5%


The simulations show that the numerology for 2.5MHz BW option seems NOT feasible. There’s not enough margin to SEM for BB signal. EVM with both Ped B and SCM-C channels is below the target.

The analysis was repeated for same number of RBs but with 2.6MHz RF BW.
The PSDs for 2.5MHz BW option with 2.6MHz RF BW for 6 and 1 RB transmissions is shown below:

Center to 250%*BW










BW edge – 500kHz to BW edge + 1000kHz
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Figure 4. PSDs of 2.5MHz BW option with 2.6MHz RF BW

The new simulations show that the numerology for 2.5MHz BW option with 2.6MHz RF BW seems feasible. There’s always enough margin to SEM for BB signal. In addition to the SEM the 2.6MHz BW would be better also from channel raster point of view as it would not require less than 100kHz raster.

3. Summary

This contribution analyses the feasibility of FDD UL numerology. The findings are summarized in the table below.
	BW option
	SC in RB
	RBs
	Finding
	Comments

	1.25
	12
	6
	Not feasible
	Feasible with 1.4MHz RF BW

	2.5
	12
	12
	Not feasible
	Feasible with 2.6MHz RF BW

	5
	12
	25
	Feasible
	

	10
	12
	50
	Feasible
	

	15
	12
	75
	Feasible
	

	20
	12
	100
	Feasible
	


The analysis was done assuming SEM that is described in more detail in ANNEX A.
4. Conclusions

In this contribution we have studied the feasibility of the E-UTRA numerology in TR25.814 from the FDD UL perspective. The analyses of this contribution show that the numerology for LTE FDD in 25.814 is feasible with the following modifications.
Parameters for Uplink Transmission Scheme 

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.6
	0.5


	66.67/144/256
	33.33/72/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.4
	0.5
	66.67/72/128
	33.33/36/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1
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ANNEX A. Spectrum emissions masks

ORIGINAL

[image: image20.emf]1.25MHz

MASK -35.00 -50.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 0.63 1.63 1.63 1.63 1.88 2.13 3.13 3.13 100.00

FREQ OFFSET FROM EDGE 0.00 1.00 1.00 1.00 1.25 1.50 2.50 2.50 99.38

2.5MHz

MASK -36.00 -36.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 1.25 1.32 2.25 2.25 3.75 4.25 6.25 6.25 100.00

FREQ OFFSET FROM EDGE 0.00 0.07 1.00 1.00 2.50 3.00 5.00 5.00 98.75

5MHz

MASK -39.00 -39.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 2.50 2.77 3.50 3.50 7.50 8.50 12.50 12.50 100.00

FREQ OFFSET FROM EDGE 0.00 0.27 1.00 1.00 5.00 6.00 10.00 10.00 97.50

10MHz

MASK -42.00 -42.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 5.00 5.47 6.00 6.00 15.00 17.00 25.00 25.00 100.00

FREQ OFFSET FROM EDGE 0.00 0.47 1.00 1.00 10.00 12.00 20.00 20.00 95.00

15MHz

MASK -43.00 -43.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 7.50 8.03 8.50 8.50 22.50 25.50 37.50 37.50 100.00

FREQ OFFSET FROM EDGE 0.00 0.53 1.00 1.00 15.00 18.00 30.00 30.00 92.50

20MHz

MASK -45.00 -45.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 10.00 10.67 11.00 11.00 30.00 34.00 50.00 50.00 100.00

FREQ OFFSET FROM EDGE 0.00 0.67 1.00 1.00 20.00 24.00 40.00 40.00 90.00

30kHz RBW

30kHz RBW

30kHz RBW

30kHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

30kHz RBW

30kHz RBW


PROPOSAL with 1.4 and 2.6MHz options

[image: image21.emf]1.4MHz

MASK -35.00 -50.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 0.70 1.70 1.70 1.70 2.10 2.38 3.50 3.50 100.00

FREQ OFFSET FROM EDGE 0.00 1.00 1.00 1.00 1.40 1.68 2.80 2.80 99.30

2.6MHz

MASK -36.00 -36.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 1.30 1.37 2.30 2.30 3.90 4.42 6.50 6.50 100.00

FREQ OFFSET FROM EDGE 0.00 0.07 1.00 1.00 2.60 3.12 5.20 5.20 98.70

5MHz

MASK -39.00 -39.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 2.50 2.77 3.50 3.50 7.50 8.50 12.50 12.50 100.00

FREQ OFFSET FROM EDGE 0.00 0.27 1.00 1.00 5.00 6.00 10.00 10.00 97.50

10MHz

MASK -42.00 -42.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 5.00 5.47 6.00 6.00 15.00 17.00 25.00 25.00 100.00

FREQ OFFSET FROM EDGE 0.00 0.47 1.00 1.00 10.00 12.00 20.00 20.00 95.00

15MHz

MASK -43.00 -43.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 7.50 8.03 8.50 8.50 22.50 25.50 37.50 37.50 100.00

FREQ OFFSET FROM EDGE 0.00 0.53 1.00 1.00 15.00 18.00 30.00 30.00 92.50

20MHz

MASK -45.00 -45.00 -50.0 -35.0 -39.0 -49.0 -49.0 -54.0 -54.0

FREQ OFFSET FROM CENTER OF CHANNEL 10.00 10.67 11.00 11.00 30.00 34.00 50.00 50.00 100.00

FREQ OFFSET FROM EDGE 0.00 0.67 1.00 1.00 20.00 24.00 40.00 40.00 90.00

30kHz RBW

30kHz RBW

30kHz RBW

30kHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

1MHz RBW

30kHz RBW

30kHz RBW


SEM assumptions for 1.4, 2.6, 5, 10, 15 and 20MHz BW options presented with 30kHz RBW.
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