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1 Introduction
In this paper we discuss the impact of LTE deployment with an adjacent asymmetrical channel. In particular we consider the case of a LTE (10MHz) system deployed next to a un-coordinated adjacent WCDMA (5MHz) system as this is seen a possible operator deployment.  

The key transmitter requirements which are impacted are the UE transmit power and the associated spectrum emissions.  In this document we asses these requirements in terms of asymmetrical co-existence using an analytic approach and summarise the static simulator results provided in [1] to determine a performance requirement.  

2 Background
In order to progress the analysis, since many of the key transmitter parameters are interactive we have adopted a building block approach based on current working assumptions captured in Annex A (TR36.804 on ALCR) which are duplicated below

Table 6.6.2.3-1: Working assumption for UE ACLR for adjacent LTE carriers (paired spectrum)
	E-UTRA

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

	
	
	UTRA1
5.0 MHz
	E-UTRA2
X MHz
	E-UTRA2
Y MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	X
	ACLR 1
	[33]
	[30]
	-
	-
	-
	-
	-

	
	ACLR 2
	
	[TBD]
	-
	-
	-
	-
	-

	Y
	ACLR 1
	[33]
	-
	[30]
	-
	-
	-
	-

	
	ACLR 2
	
	-
	[TBD]
	-
	-
	-
	-

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

	
	ACLR 2
	
	-
	-
	[TBD]
	-
	-
	-

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

	
	ACLR 2
	
	-
	-
	-
	[TBD]
	-
	-

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

	
	ACLR 2
	
	-
	-
	-
	-
	[TBD]
	-

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

	
	ACLR 2
	
	-
	-
	-
	-
	-
	[TBD]

	NOTES:


1 Measured with a 3.84 MHz bandwidth RRC filter with roll-off factor =0.22 centered on the adjacent  channel.

2 Measured with a [TBD] filter centered on the 1st  or 2nd adjacent  channel


The ACLR2 for the UTRA is for further study. It was pointed out in [20] that LTE UEs must not cause larger interference (in terms of absolute power) to the co-existing UTRA system than the one allowed in the current 3GPP requirements, irrespective of its operating system bandwidth. Maximum power reduction should be applied to a UE, in case the LTE UE cannot meet the current UTRA absolute adjacent power limit effectively.
3 LTE ACLR1 and ACLR2 measurements
As captured in TR36.804 the spectrum emission mask scales in proportion to the channel bandwidth due to PA non-linearity however, the requirements for ACLR are based on a shift in the offset frequency and are not scaled for the different LTE bandwidths options.  This creates an anomaly when considering the ALCR1 and ACLR2 requirements for the asymmetrical bandwidth scenario as described in the following sections
3.1.1 Symmetrical deployment 
In this scenario for LTE 5MHz (Full RB allocation) the spectrum mask and ACLR can meet the UTRA ACLR1_5MHz (33dB/3.84MHz) and ACLR2_5MHz (43dB/3.84MHz) as shown in Fig 1. These results can be extrapolated to other LTE to LTE symmetrical scenarios as captured in TR36.804
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Figure 1: 5MHz LTE (Full Resource Block allocation)
3.1.2 A-symmetrical deployment 
For the LTE 10MHz with the same constant transmit power the emission mask scales with bandwidth. However for asymmetrical scenarios the ACLR1 and ACLR2 requirements are based on a shift in frequency and are not scaled. In this case the ACLR1_5MHz (33dB/3.84MHz) requirements can be maintained but not the ACLR2_5MHz (43dB/3.84MHz) values as shown in figure 2. Here the measured value for ACLR2_5MHz is in the order of 37dB/3.84MHz. 
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Figure 2: 10MHz LTE (Full Resource Block allocation)

To address these ACLR2 anomaly/requirements for the asymmetrical deployment the following option exists

· Investigate the UE impact of meeting a tighter ACLR2 requirements for asymmetrical BW co-existence 
· Review the ACLR2 requirements for UTRA/UTRA for asymmetrical deployment in terms of the system impact 
4 Co-existence based on an analytic approach

Two options are available for improving the ACLR2 performance, these are

· Implement a larger PA to address the asymmetrical scenario
· Define a Maximum Power Reduction 
4.1.1 Implement a larger PA
Implement a larger PA for >5MHz bandwidths in the case of asymmetrical deployment. However a larger PA will require 1.3 x increases in PA power consumption just to maintain the transmit output power and meet the ACLR2 limit.  In any case the re-designed PA will be over-powered for the 5MHz waveform and will not maintain the goal of a single PA solution for both LTE and WCDMA.  Larger bandwidth options may suffer accordingly and may require even larger PA solutions.  In this case a larger PA approach does not present it self as a viable long term solution 
4.1.2 Maximum power reductionOne way to improve the ACLR2 emission is to reduce the transmit output power. Figure 3 shows the impact of MPR to meet a 43dB/3.84MHz for the ACLR2 value by increasing the back-off.  In this case a MPR reduction ~2.5 dB is needed in the case of 10MHz full resource block transmissionOne outcome of a MPR solution is the UE ACLR1 and ACLR2 performance for symmetrical deployment (10MHz LTE-LTE) is now over designed i.e. (37.4 -25
) ~13 dB since the UE does not know if the adjacent channel is symmetrical or asymmetrical and has to implement the tighter ACLR2 requirement.  In this case this would result in a loss of UE transmit efficiency since a lower operating point is used to address a possible asymmetrical deployment.
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Figure 3: 10MHz LTE (Full Resource Block allocation) with MPR to improve ACLR2
Looking into the future when 20MHz LTE waveforms will be applied; will require the PA’s to operate even more linearly than for 10MHz LTE waveform (leading to further power de-rating/MPR). So although this solution is feasible it has a number of drawbacks but may be needed if required by regulatory specifications for ALCR2 
5 Co-existence based on based on a static simulator

For UTRA the requirements for co-existence were based on ALCR1 since the main interferer is the first adjacent cell as shown in figure 4, where X1 and Y is a UTRA system and X2 is a LTE system. In this case we need to understand the impact on a reduced ACLR2 value for both the asymmetrical and symmetrical case for X2 although this reduced ACLR2 value only occurs in the asymmetrical case when channel BW X2  > X1 
[image: image4.emf]0   5 7.5 10 12.5 25

-60

-50

-40

-30

-20

-10

0

ACLR

1

 = -38.6 dB

ACLR

LTE

 = -37.4 dB

ACLR

2

 = -43.5 dB

10 MHz LTE (Full Resource Block Utilization) Spectrum & ACLR Performance

Frequency Offset (MHz)

PSD (dBc/MHz)

Improve ACLR

2

to 43 dBc

Reduce power 

to improve 

ACLR

0   5 7.5 10 12.5 25

-60

-50

-40

-30

-20

-10

0

ACLR

1

 = -38.6 dB

ACLR

LTE

 = -37.4 dB

ACLR

2

 = -43.5 dB

10 MHz LTE (Full Resource Block Utilization) Spectrum & ACLR Performance

Frequency Offset (MHz)

PSD (dBc/MHz)

Improve ACLR

2

to 43 dBc

Reduce power 

to improve 

ACLR


Figure 4 Asymmetrical deployment scenarios 
In this case we need to analyze the coexistence impact of different ACLR value from X2 into X1 to account for the impact of a reduced ACLR2 value. Results are present in [1] for this scenario which are summarized in Table 2 below 

	ACLR value from X2  into X1 
	SET 1
	SET 2

	33 dB/3.84 MHz
	8.4%
	0.7%

	36 dB/3.84 MHz
	4.0%
	0%


Table 2:  LTE (10MHz) to WCDMA (5MHz) case
The co-existence results indicate the following outcome;
· SET 1 power control parameter can be employed but need a 3 dB tighter ACLR1/2 requirement 

· SET 2 power control parameter can be employed using a ACLR1_5MHz of 33dB/3.84 MHz and ACLR21_5MHz of 36dB/3.84MHz 
6 Conclusions

The requirements for ACLR2 of 43dB/3.84MHz require a MPR back off if this is needed for regulatory requirements, however this has drawbacks in terms of UE efficiency. If this value is not needed for regulatory requirements than a requirement of 36 dB/3.84MHz would be acceptable from a system perspective based on SET2 parameters. 
In which case a more comprehensive definition for the ACLR2 requirements for both symmetrical and asymmetrical deployment would be to define an additional Maximum Power Reduction (MPR) due ALCR2 as specified in table x.x. This requirement would only applicable for 10, 15 and 20MHz bandwidth option for ALCR2 for the 5MHz 2nd adjacent channel or ACLR2 

Table x.x: Maximum Power Reduction (MPR)

	UE transmit channel configuration 

modulation
	ACLR2

(dB/3.84MHz)
	MPR

(dB)

	QPSK 16QAM
	36 
	0

	QPSK/16 QAM
	43
	[2.5 – 3.0]
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� 25 dB was based on LTE to LTE co-existence 
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