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1. Introduction
This contribution presents measurement results for non-contiguous intraband CA MPR done with five different power amplifiers were operating in three different bands and associated simulations results.
2. Discussion 

2.1 Test set-up
Test setup is presented in Figure 1. Test procedure was such that input power of PA was adjusted with 1 dB steps using manual variable RF attenuator at the PA input. PA output was measured with spectrum analyser and maximum IMD level of 26 dBm / 1 MHz was searched. This IMD power level corresponds to – 30 dBm/ 1MHz at antenna port when assuming 4 dB post PA loss. – 30 dBm/ 1 MHz is general spurious emission requirement for frequency range of 1 – 12.75 GHz.
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Figure 1 Test setup

2.2 Results

Results are presented in Tables 1 – 3. MPR values listed in the table correspeonds to the manual variable attenuator value at PA input which gave PA output spectrum where the IMD leves were below – 26 dBm / 1 MHz. Strictly speaking this is not MPR as the PA operates in a slight compression thus PA output do not change in one to one relation with input. The actual MPR when considering output power reduction is slightly lower, about half a dB or so.
Various different non-contiguous intraband CA signals were studied with different Wgap values. Predominantly fully allocated carriers were used with an exception of testing a signal were both carriers were having only one allocated RB such way that the distance between transmitted RB’s was maximized. For the lower carrier the RB was in lowest possible position (RBstart = 0) and for the higher carrier RB was in highest possible position (RBstart = 24 for 5MHz carrier). This represents the worst case signal from MPR point of view.

Table 1 Band 1 PA 5 results

	CC1 BW
	allocation
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	allocation
	Wgap
	total#RB
	MPR (PA5)

	5
	0/1
	1922,5
	5
	1977,5
	24/1
	50
	2
	14

	5
	Full
	1922,5
	5
	1977,5
	Full
	50
	50
	10

	10
	Full
	1925
	10
	1975
	Full
	40
	100
	4

	15
	Full
	1927,5
	15
	1972,5
	Full
	30
	150
	4

	20
	Full
	1930
	20
	1970
	Full
	20
	200
	3


Table 2 Band 3 PA4 results

	CC1 BW
	allocation
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	allocation
	Wgap
	total#RB
	MPR (PA4)

	5
	0/1
	1712,5
	5
	1782,5
	24/1
	65
	2
	13

	5
	Full
	1712,5
	5
	1782,5
	Full
	65
	50
	9

	5
	Full
	1730
	5
	1765
	Full
	30
	50
	9

	5
	Full
	1740
	5
	1755
	Full
	10
	50
	7

	10
	Full
	1715
	10
	1780
	Full
	55
	100
	5

	10
	Full
	1735
	10
	1755
	Full
	10
	100
	6

	20
	Full
	1720
	20
	1775
	Full
	35
	200
	5

	20
	Full
	1730
	20
	1760
	Full
	10
	200
	4


Table 3 Band 7 PA1-3 results

	CC1 BW
	alloc.
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	alloc.
	Wgap
	total#RB
	MPR(PA1)
	MPR(PA2)
	MPR(PA3)

	5
	0/1
	2502,5
	5
	2567,5
	24/1
	60
	2
	10
	17
	11

	5
	Full
	2502,5
	5
	2567,5
	Full
	60
	50
	6
	11
	10

	5
	Full
	2517,5
	5
	2552,5
	Full
	30
	50
	9
	9
	7

	5
	Full
	2527,5
	5
	2542,5
	Full
	10
	50
	5
	10
	7

	10
	Full
	2505
	10
	2565
	Full
	50
	100
	5
	9
	6

	10
	Full
	2525
	10
	2545
	Full
	10
	100
	3
	8
	5

	20
	Full
	2510
	20
	2560
	Full
	30
	200
	4
	6
	2

	20
	Full
	2520
	20
	2550
	Full
	10
	200
	5
	5
	3


2.2 Analysis

In Figures 2 and 3 the peak IMD power measured over 1 MHz of measurement bandwidth is reported as a function of total PA output power. Strongest IMD product was 3rd order IMD (2xf1-f2) which is located on both sides of the transmitted signal and was typically not in a same level on both sides also the power relation between the IMD products changed when PA input power was changed.
In Figure 4 the peak IMD power measured over 1 MHz of measurement bandwidth is reported as a function of PA input reduction (MPR in Tables 1-3). Figures 2 and 3 and 4 are comparable even though the x-axis is different on Figure 4.
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Figure 2 Band 1 PA6 peak IMD power versus total PA output power
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Figure 3 Band 3 PA4 peak IMD power versus total PA output power
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Figure 4 Band 7 PA1 peak IMD power versus PA input reduction
From Figures 2-4 it can be observe that IMD power levels do not reduce monotonically when PA outpot power is reduced as one could expect from classical amplifier theory, this behaviour was also reported in [2]. Also can be noted that typically IMD is stronger when Wgap is larger with one exception in these tests i.e. Band 7 PA1 two full 5 MHz CCs w 30 MHz gap produced more IMDthan same signal with 60 MHz gap. Reason for this is not known. Also one clear trend is that when the number of transmitted RB’s gets laterger then the IMD power gets lower, reason being that as the total power level is kept same when number of transmitted RB is increased then the PSD of the transmission gets lower which again produces lower IMD.
2.3 MPR Rule

In [1] it was proposed that non-contiguous intraband CA MPR is based on the number of transmitted resource blocks i.e. the lower the number of transmitted resource blocks the higher the MPR. Reason for higher MPR comes from higher PSD of the transmitted signal as explained in previous chapter. 
The MPR would guarantee that UE meets the composite SEM, general spurious emission requirement and ACLR requiremetns but it does not guarantee that UE meets all the UE to UE co-exitence requirements, see Figure 5 below.
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Figure 5 Different emission requirements

Adjacent and near by 3GPP band protection needs to be studied case by case and possibly A-MPR is needed similarly as it has been done for single carrier an contiguous intraband CA.

Based on the maeasurement presented in this paper we can draft a tentative MPR rule for non-contiguous intraband CA applicaple to bands which are not larger than 75 MHz of uplink bandwidth. Wider bands need to have further study as increasing the Wgap increases the needed MPR.
In addition to measurements, AM-to-AM and AM-to-PM responses were measured from the PAs, and the models were used to simulate required MPR with same allocations. The results have been gathered in Figure 6 and are similar to what has been observed earlier in [3]. As the gap size increases the simulation uncertainty increases, as the simple quasi-memoryless model cannot capture effects of PA memory. A couple of simulated spectrums have been included in the Appedix, and it can be seen that they are not asymmetric like some of the measured ones are.
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Figure 6 MPR versus total number of transmitted RB's
The tentatively proposed mask which is plotted in Figure 6 can be formally written as follows:

MPR = CEIL {MN, 0.5}

Where MA is defined as follows 
MN= -0.125 NRB_alloc + 18.25

; 2 ≤ N ≤ 50

-0.0333 NRB_alloc + 13.67



; 50 < N ≤ 200

Where NRB_alloc is the number of allocated resource blocks.

We acknowledge that it is too early to agree final MPR definition for non-contiguous intraband CA as more studies are needed. However our proposal is that the MPR definition above is taken as a baseline which is further refined during the WI and is used when receiver requirements are discussed until this rule is replaced with more appropriate one.
As a comprision we have inserted a similar plot from earlier contribution [2]. The MPR in this plot is lower than in previous plot in Figure 6 but the maximum Wgap in signal in this study was 30 MHz. It has been show earlier in this contribution that increasing the Wgap increases the need for requiremed MPR.

[image: image7]
2.4 Further MPR studies

· More measurements especially for larger Wgap and un-equal carrier bandwidths.
3. Conclusions

In this contribution we have presented measurement results and simulation results of uplink non-contiguous intraband CA MPR required to meet emission requirements. We propose that the MPR model presented in this paper which is based on measurements is used as a tentative MPR rule for receiver studies for bands which are not larger than 75 MHz of bandwidth. If this is agreeable we will provide text proposal into the next meeting to capture the study and tentative MPR mask to be used in receiver studies.
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Appendix:
Following Figures contain PA output spectrum plots with output power set to total power of +27 dBm.
A.1
Band 7
Figure 7 two full 5 MHz CCs w 60 MHz gap 




Figure 8 two full 5 MHz CCs w 30 MHz gap
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Figure 9 two full 5 MHz CCs w 10 MHz gap

Figure 10 two 1 RB allocations in 5 MHz CCs w 60 MHz gap
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Figure 11 two full 10 MHz CCs w 50 MHz gap



Figure 12 two full 10 MHz CCs w 10 MHz gap
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Figure 13 two full 20 MHz CCs w 30 MHz gap




Figure 14 two full 20 MHz CCs w 10 MHz gap
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A.2
Band 3

Figure 15 two full 20 MHz CCs w 35 MHz gap



Figure 16 two full 20 MHz CCs w 10 MHz gap
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Figure 17 two full 10 MHz CCs w 10 MHz gap




Figure 18 two full 10 MHz CCs w 55 MHz gap
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Figure 19 two full 5 MHz CCs w 10 MHz gap



Figure 20 two full 5 MHz CCs w 30 MHz gap
[image: image20.wmf]C

L

R

W

R

 

A

 

 

1

 

R

M

*

R

e

f

 

3

1

.

3

 

d

B

m

O

f

f

s

e

t

 

1

1

.

3

 

d

B

L

V

L

A

t

t

 

4

5

 

d

B

*

 

2

0

 

M

H

z

/

C

e

n

t

e

r

1

.

7

4

4

 

G

H

z

S

p

a

n

2

0

0

 

M

H

z

*

*

3

D

B

R

B

W

 

1

 

M

H

z

V

B

W

 

1

0

0

 

k

H

z

S

W

T

 

5

0

0

 

m

s

*

-

6

0

-

5

0

-

4

0

-

3

0

-

2

0

-

1

0

0

1

0

2

0

3

0

1

M

a

r

k

e

r

 

1

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

 

1

7

.

0

8

 

d

B

m

 

 

 

 

 

1

.

7

3

9

8

3

3

3

3

3

 

G

H

z

2

M

a

r

k

e

r

 

2

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

1

0

.

8

2

 

d

B

m

 

 

 

 

 

1

.

7

2

4

8

3

9

7

4

4

 

G

H

z

3

M

a

r

k

e

r

 

3

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

2

5

.

9

1

 

d

B

m

 

 

 

 

 

1

.

7

0

9

7

0

5

1

2

8

 

G

H

z

4

M

a

r

k

e

r

 

4

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

3

0

.

6

9

 

d

B

m

 

 

 

 

 

1

.

6

9

3

3

5

8

9

7

4

 

G

H

z

Date: 12.SEP.2013  13:19:27

[image: image21.wmf]C

L

R

W

R

 

A

 

 

1

 

R

M

*

R

e

f

 

3

1

.

3

 

d

B

m

O

f

f

s

e

t

 

1

1

.

3

 

d

B

L

V

L

A

t

t

 

4

5

 

d

B

*

5

0

 

M

H

z

/

C

e

n

t

e

r

1

.

7

4

4

 

G

H

z

S

p

a

n

5

0

0

 

M

H

z

*

*

3

D

B

R

B

W

 

1

 

M

H

z

V

B

W

 

1

0

0

 

k

H

z

S

W

T

 

5

0

0

 

m

s

*

 

-

6

0

-

5

0

-

4

0

-

3

0

-

2

0

-

1

0

0

1

0

2

0

3

0

1

M

a

r

k

e

r

 

1

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

 

1

6

.

9

2

 

d

B

m

 

 

 

 

 

1

.

7

2

9

4

1

6

6

6

7

 

G

H

z

2

M

a

r

k

e

r

 

2

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

1

1

.

0

9

 

d

B

m

 

 

 

 

 

1

.

6

9

5

1

9

2

3

0

8

 

G

H

z

3

M

a

r

k

e

r

 

3

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

1

8

.

4

3

 

d

B

m

 

 

 

 

 

1

.

6

5

9

3

8

4

6

1

5

 

G

H

z

4

M

a

r

k

e

r

 

4

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

2

2

.

8

0

 

d

B

m

 

 

 

 

 

1

.

6

2

4

9

2

9

4

8

7

 

G

H

z

Date: 12.SEP.2013  13:39:49


Figure 21 two full 5 MHz CCs w 65 MHz gap


Figure 22 two 1RBallcations on 5 MHz CCs w 65 MHz gap
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A.3
Band 1

Figure 23 two full 20 MHz CCs w 20 MHz gap



Figure 24 two full 15 MHz CCs w 30 MHz gap
[image: image24.wmf] 
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Figure 25 two full 10 MHz CCs w 40 MHz gap




Figure 26 two full 5 MHz CCs w 50 MHz gap
[image: image26.wmf] 
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Figure 27 two 1 RB allocations on 5 MHz CCs w 50 MHz gap
[image: image28.wmf] 
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A.4
Simulated Spectrums

Figure 28: 100+100 RB with 30 MHz gap




Figure 29: 50+50 RB with 40 MHz gap
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Figure 30: 25+25 RB with 50 MHz gap





Figure 31: 1+1 RB with 20 MHz gap
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