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1 Introduction
In LTE UE ACLR AdHoc session of RAN WG4#42 on Tuesday 13th of February it was agreed that:

· for LTE UE ACLR1 and ACLR2 requirement should be set for first and second adjacent LTE carrier

· in addition an ACLR1 requirement should be set for adjacent WCDMA carrier
This document shows preliminary spectrum plots and ACLR to adjacent LTE and WCDMA for different LTE band widths and proposes a spectrum emission mask for LTE based on the assumptions agreed in [1] and [2].
2 Analysis

The analysis is done using Rel-6 capable UE transmitter model where the dominant nonlinearity sources and imperfections, except the wide band noise floor, have been modelled. The operating point of the transmitter is chosen for both QPSK and 16QAM modulation in a way that ACLR of 5MHz LTE to WCDMA is 33dB that was agreed as working assumption in the AdHoc. This high typical operating point is very unlikely in real implementations as some implementation margin needs to be reserved for variations in the transmitter components, in battery voltage, temperature etc.
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For full band QPSK the operating point was ~1dB lower than for Rel-5 HSDPA signal having CM=1. For 16QAM ~2dB lower operating point was used.

· ACLR to WCDMA has been measured using 3.84MHz wide RRC filter with roll-off factor of 0.22.

· ACLR to LTE has been measured by integrating the leaking power over the used part of the victim LTE carrier (using rectangular filter). Following numerology is used for LTE band variants.
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SAMPLING RATE 1.92 3.84 1.92 3.84 7.68 15.36 23.04 30.72 MHz

LONG BLOCK

Sub-carriers 128 256 128 256 512 1024 1536 2048

Resource blocks 6 12 8 15 25 50 75 100

Used sub-carriers 72 144 96 180 300 600 900 1200

Sub-carrier spacing 15 15 15 15 15 15 15 15 kHz

BW efficiency 77.1 83.1 80.0 90.0 90.0 90.0 90.0 90.0 %

Virtual GB 0.16 0.22 0.18 0.15 0.25 0.50 0.75 1.00 MHz


· ACLR to first GSM carrier at 300kHz offset from channel edge (2.8MHz offset between carriers for 5MHz band variant) has been measured by integrating the power over 200kHz of spectrum.

It should be noted that results in this analysis are preliminary and measurements for real transmit chains are needed to confirm the findings that are collected into the following tables. In this analysis both 1.4MHz / 2.6MHz and 1.8MHz / 3MHz band width options have been used for below 5MHz. Green colour has been used for ACLR values that are better than the agreed working assumptions or WCDMA ACLR1 (33dB) and ACLR2 (43dB) requirements. Red colour is used when these assumptions or requirements are not met.
The simulation results are shown in ANNEX A and results have been collected into following tables. The modified “WCDMA mask” provided for information in the figures of ANNEX A has been set as described in [3].
Table 1: Results of preliminary ACLR study, QPSK modulation
	E-UTRA

Assigned BW (MHz)
	ALCR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	WCDMA1
5.0 MHz
	E-UTRA2
1.4/1.8 MHz
	E-UTRA2
2.5/3.0 MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	1.4
	ACLR 1
	37.0 [33]
	33.2 [30]
	-
	-
	-
	-
	-

	
	ACLR 2
	62.1
	50.1 [TBD]
	-
	-
	-
	-
	-

	2.6
	ACLR 1
	34.8 [33]
	-
	33.5 [30]
	-
	-
	-
	-

	
	ACLR 2
	60.9
	-
	49.4 [TBD]
	-
	-
	-
	-

	1.8
	ACLR 1
	35.8 [33]
	33.3 [30]
	-
	-
	-
	-
	-

	
	ACLR 2
	61.7
	49.7 [TBD]
	-
	-
	-
	-
	-

	3.0
	ACLR 1
	33.5 [33]
	-
	32.3 [30]
	-
	-
	-
	-

	
	ACLR 2
	58.5
	-
	47.2 [TBD]
	-
	-
	-
	-

	5
	ACLR 1
	33 [33]
	-
	-
	32.2 [30]
	-
	-
	-

	
	ACLR 2
	48.3
	-
	-
	47.5 [TBD]
	-
	-
	-

	10
	ACLR 1
	34.2 [33]
	-
	-
	-
	32.2 [30]
	-
	-

	
	ACLR 2
	38.7
	-
	-
	-
	47.5 [TBD]
	-
	-

	15
	ACLR 1
	35.1 [33]
	-
	-
	-
	-
	32.2 [30]
	-

	
	ACLR 2
	38.4
	-
	-
	-
	-
	47.6 [TBD]
	-

	20
	ACLR 1
	36 [33]
	-
	-
	-
	-
	-
	32.2 [30]

	
	ACLR 2
	38.4
	-
	-
	-
	-
	-
	47.6 [TBD]

	NOTE:
1 Measured with a 3.84 MHz bandwidth RRC filter with roll-off factor =0.22 centered on the 1st or 2nd adjacent  channel.
2 Measured with a [TBD] filter centered on the 1st  or 2nd adjacent  channel


Table 2: Results of preliminary ACLR study, 16QAM modulation
	E-UTRA

Assigned BW (MHz)
	ALCR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	WCDMA1
5.0 MHz
	E-UTRA2
1.4/1.8 MHz
	E-UTRA2
2.5/3.0 MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	1.4
	ACLR 1
	38.0 [33]
	33.9 [30]
	-
	-
	-
	-
	-

	
	ACLR 2
	61.6
	52.1 [TBD]
	-
	-
	-
	-
	-

	2.6
	ACLR 1
	34.6 [33]
	-
	33.2 [30]
	-
	-
	-
	-

	
	ACLR 2
	61.0
	-
	49.2 [TBD]
	-
	-
	-
	-

	1.8
	ACLR 1
	36.7 [33]
	34.2 [30]
	-
	-
	-
	-
	-

	
	ACLR 2
	61.8
	50.7 [TBD]
	-
	-
	-
	-
	-

	3.0
	ACLR 1
	34.2 [33]
	-
	33.0 [30]
	-
	-
	-
	-

	
	ACLR 2
	58.9
	-
	46.8 [TBD]
	-
	-
	-
	-

	5
	ACLR 1
	33 [33]
	-
	-
	32.3 [30]
	-
	-
	-

	
	ACLR 2
	47.8
	-
	-
	46.7 [TBD]
	-
	-
	-

	10
	ACLR 1
	34.1 [33]
	-
	-
	-
	32.5 [30]
	-
	-

	
	ACLR 2
	39.9
	-
	-
	-
	46.8 [TBD]
	-
	-

	15
	ACLR 1
	35.1 [33]
	-
	-
	-
	-
	32.4 [30]
	-

	
	ACLR 2
	38.3
	-
	-
	-
	-
	46.7 [TBD]
	-

	20
	ACLR 1
	35.8 [33]
	-
	-
	-
	-
	-
	32.3 [30]

	
	ACLR 2
	38.1
	-
	-
	-
	-
	-
	46.7 [TBD]

	NOTE:
1 Measured with a 3.84 MHz bandwidth RRC filter with roll-off factor =0.22 centered on the 1st or 2nd adjacent  channel.
2 Measured with a [TBD] filter centered on the 1st  or 2nd adjacent  channel


3 Summary

The simulations show that:

1. For 5MHz and wider band width options the existing WCDMA mask when moved and scaled according to used band width could be used as a starting point
2. For 10, 15 and 20MHz band width options it’s not a problem to meet 33dB ACLR requirement to 1st adjacent WCDMA channel but 43dB ACLR to 2nd adjacent channel would require significant power reduction.

3. For 5, 10, 15 and 20MHz band width options when low number of resource blocks is transmitted the first corners of the mask become problematic as power spectral density is higher. In order to align and get good balance between the ACLR and spectrum emission mask requirements the first corners of the mask should be relaxed by 10*log10(NRB,max/NRB,transmitted). Maximum relaxation of 3dB seems feasible based on the preliminary analysis, see ANNEX B.
4. For below 5MHz band width options moving and scaling the mask in frequency domain only does not give good balance between the ACLR and mask. The emissions are narrow and therefore ACLR to 1st adjacent WCDMA is lower than in 5MHz option, but due to higher spectral density the mask is violated. Further work is needed to define proper emission mask for narrower band width options.
4 Conclusions

Based the findings above it’s proposed that following spectrum emission mask (SEM) is used as working assumption for LTE.
· WCDMA mask is taken as a starting point

· Mask is relative to transmitted output power as in WCDMA
· Mask moves in frequency domain according to operating band width
· Mask scales in frequency domain according to operating band width outside the first MHz adjacent used channel
· For sub-band transmissions the mask points A and B are relaxed by MAX(10*log10(NRB,max/NRB,transmitted),Y). Further work needed in order to set maximum relaxation Y, but 3dB seen feasible in the preliminary analysis.
· For below 5MHz band widths further studies are needed to understand the impact of higher power spectral density when mask points are moved closer to the band edge.
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Frequencies:
	Operating BW
	A
	B
	C
	D
	E
	F
	

	1.4
	0.7
	1.7
	1.7
	2.1
	2.38
	3.5
	MHz

	2.6
	1.3
	2.3
	2.3
	3.9
	4.42
	6.5
	MHz

	1.8
	0.9
	1.9
	1.9
	2.7
	3.06
	4.5
	MHz

	3.0
	1.5
	2.5
	2.5
	4.5
	5.1
	7.5
	MHz

	5.0
	2.5
	3.5
	3.5
	7.5
	8.5
	12.5
	MHz

	10.0
	5
	6
	6
	15
	17
	25
	MHz

	15.0
	7.5
	8.5
	8.5
	22.5
	25.5
	37.5
	MHz

	20.0
	10
	11
	11
	30
	34
	50
	MHz


Levels:

	Operating BW
	A
	B
	C
	D
	E
	F
	

	1.4
	
	
	
	
	
	
	dB

	2.6
	
	
	
	
	
	
	dB

	1.8
	
	
	
	
	
	
	dB

	3.0
	
	
	
	
	
	
	dB

	5.0
	-35
	-50
	-50
	-54
	-64
	-64
	dB

	10.0
	-35
	-50
	-50
	-54
	-64
	-64
	dB

	15.0
	-35
	-50
	-50
	-54
	-64
	-64
	dB

	20.0
	-35
	-50
	-50
	-54
	-64
	-64
	dB
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6 ANNEX A

6.1 5MHz LTE
QPSK modulation
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16QAM modulation
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6.2 10MHz LTE
QPSK modulation
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16QAM modulation
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6.3 15MHz LTE
QPSK modulation
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16QAM modulation
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6.4 20MHz LTE
QPSK modulation
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16QAM modulation
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6.5 1.4MHz LTE

QPSK modulation
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16QAM modulation
[image: image13.png]Mag (dBm)

Mag (dBm)

1.4MHz LTE SPECTRUM EMISSION MASK, 30kHz RBW

- ACLR1 =

LTESMeg

.. ACLR2, =

LTESMeg

— FULL band
—— WCDMA MASK - for information anly

-339dB ...
-521dB ...

1.4MHz LTE SPECTRUM EMISSION MASK, 30kHz RBW

. ACLR,

LTE1 4eg

-- ACLR2

LTE1 4eg

— FULL band
—— WCDMA MASK - for information anly

= .33.90B ...
- 52145 ...

Freq (Hz)

Mag (dBm)

Mag (dBm)

-l ACLRY
- ACLR2,

umTs”

umTs”

1.4MHz LTE SPECTRUM EMISSION MASK, 30kHz RBW

— FULL band

—— WCDMA MASK - for information anly

= -38.0dB .
= -616dB .

-)-- ACLR g, = -38.0dB

1.4MHz LTE SPECTRUM EMISSION MASK, 30kHz RBW

— FULL band
—— WCDMA MASK - for information anly

Freq (Hz)





6.6 2.6MHz LTE

QPSK modulation
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16QAM modulation
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6.7 1.8MHz LTE

QPSK modulation
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16QAM modulation
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6.8 3.0MHz LTE

QPSK modulation
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16QAM modulation
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7 ANNEX B 5MHz band width with low number of RBs
For sub-band transmissions the mask points A and B are relaxed by MIN(10*log10(NRB,max/NRB,transmitted), 3) dB.
Full band:
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4 RBs (points A and B relaxed by 3dB):


6RBs (points A and B relaxed by 3dB):
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8 RBs (points A and B relaxed by 3dB):


10RBs (points A and B relaxed by 3dB):
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For 10, 15 and 20MHz band width options the so called virtual guard band is wider and therefore the 5MHz option is the worst case among wider band width options.
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