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1. Introduction

According to the agreed time plan for the CA WI [1] the UE RF aspects should proceed as follows:
· RAN4 #55 (May, 2010): 
· Continue discussion for UE Rx and Tx issues (ACLR, SEM, MPR, A-MPR, ACS)
In this contribution we present initial studies on LTE REL-10 SEM, ACLR and MPR. Before actual requirement work can start there must be decisions on how the CA bandwidths are constructed from individual CC’s as discussed in [1].
2. Discussion

2.1 CA SEM and ACLR with full allocation in all CC’s
In LTE REL-8/9 the there are separate emissions masks for each LTE bandwidth. Basic mask that UE must conform is called general spectrum emission mask (SEM) in addition to that there exisit additional masks for different geographical areas. Requirement to conform these additional masks is signalled with network signalling value.  

UE must conform the required emission mask with any kind of UL allocation. Typically SEM is tested with full allocation but also partial allocations within a LTE bandwidth must conform the same SEM i.e. there is no additional masks for partial allocations.

Current REL-8/9 general emission mask is attached below for convenience.
Table 1 REL-8/9 General E-UTRA spectrum emission mask

	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


If the REL-8/9 methodology is followed in LTE REL-10 CA then SEM requirement could be specified per CA BW Class which were proposed in [1]. CA BW Class proposal is attached below for convenience.
Table 2 CA BW Class table

	CA BW class
	BW per band

	A
	BW  ≤ 20 MHz

	B
	20 MHz < BW ≤ 40 MHz

	C
	40 MHz < BW ≤ 60 MHz

	D
	60 MHz < BW ≤ 80 MHz

	E
	80 MHz < BW ≤ 100 MHz


In practice this would mean that there would be different SEMs for BW Classes B, C, D and E. 
As an example CA BW Class B SEM would be devired such way that CC combination of 20 + 20 MHz which is widest in badnwidth for that class would conform it. Other CC combinations (for example 15+15 MHz) that belong to CA BW Class B are required to meet the same mask as they are consider to be partial allocations in CA BW Class B. A scaled version of current REL-8/9 mask is proposed for CA BW Class B in Table 3
Table 3 CA BW Class general spectrum emission mask

	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	CA BW Class B
	CA BW Class C
	CA BW Class D
	CA BW Class E
	Measurement bandwidth

	( 0-1
	-24
	
	
	
	30 kHz 

	( 1-5
	-10 
	
	
	
	1 MHz

	( 5-40
	-13
	
	
	
	1 MHz

	( 40-50
	-25 
	
	
	
	1 MHz

	( 50-60
	
	
	
	
	1 MHz

	
	
	
	
	
	1 MHz

	
	
	
	
	
	1 MHz


We have done preliminary study how UE would conform the BW Class B SEM proposed above. In these simulations an MPR value was searched which was required for a given CC combination to meet the both proposed SEM and REL-8/9 ACLR requirements.
Following UE RF simulation assumptions were used as proposed in [2]. UTRAaclr1 = 33 dBc PA operating point was for LTE 20 MHz full allocation with 1 dB of MPR. 
	Power amplifier operating point
	

	UTRAACLR1
	[33 dBc]

	PA Noise floor
	[-135 dBm/Hz]

	Modulator impairments
	

	IQ-Imbalance
	[25 dBc]

	Carrier leakage
	[25 dBc]

	3rd order  Counter-IM level
	[60 dBc]


Carrier spacing was according to REL-8/9 requirements and similarly guarbands on outer skirts of aggrecated singal follow REL-8/9 guard bands.

Simulation results are presented below.
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Figure 1 CC combination 10 + 15 MHz
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Figure 2 CC combination 15 + 15 MHz
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Figure 3 CC combination 15 + 20 MHz
[image: image4.wmf]MPR = 2 dB

MPR = 1 dB

Transmit power = 21.038 dBm

UTRAaclr1 = 36.299 dBc

UTRAaclr2 = 36.966 dBc

E-UTRAaclr = 30.783 dBc

 

Passed

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

-80

80

-50

-40

-30

-20

-10

-60

0

Frequency Offset (MHz)

dBm/RBW

Spectral emissions mask 

RBW = 100.000 kHz

FCarrier = 1940.000 MHz

Band = 1.000

(User limits)

Transmit power = 22.008 dBm

UTRAaclr1 = 32.956 dBc

UTRAaclr2 = 33.488 dBc

E-UTRAaclr = 27.312 dBc

 

Passed

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

-80

80

-50

-40

-30

-20

-10

-60

0

Frequency Offset (MHz)

dBm/RBW

Spectral emissions mask 

RBW = 100.000 kHz

FCarrier = 1940.000 MHz

Band = 1.000

(User limits)


Figure 4 CC combination 20 + 20 MHz
Following conclusions can be derived from the simulation outcome.

· Proposed SEM was met with all full allocation CC combinations when MPR of 1 was used

· When aggregated BW increases the ACLRUTRA1 and ACLRUTRA2 start to be the same.

· If REL-8 ACLR requirements are kept then ACLRUTRA2 becomes dimensioning

· 2 dB of MPR are required for CA BW Class B to able to meet REL-8 ACLR limits 
2.2 CA SEM and ACLR with partial allocation in all CC’s
In previous chapter we studied how much MPR is needed for aggrecated signals which have full allocation on both UL CC’s to conform proposed CA BW Class B SEM and REL-8/9 ACLR requirements. In this chapter we study how partial allocation on aggrecated CC affect this.

Both aggrecated CCs are BW=20 MHz and the used MPR =2 which was shown to be enough for fully populated CC’s. UL allocations used in simulations were as in Table 4.
Table 4 UL Allocation

	
	CC1
	CC2

	UL Allocation 1 
	RB_Start = 0 / RB_Lenght = 75
	RB_Start = 0 / RB_Lenght = 75

	UL Allocation 2
	RB_Start = 0 / RB_Lenght = 50
	RB_Start = 0 / RB_Lenght = 50

	UL Allocation 3
	RB_Start = 0 / RB_Lenght = 25
	RB_Start = 0 / RB_Lenght = 25

	UL Allocation 4
	RB_Start = 0 / RB_Lenght = 10
	RB_Start = 0 / RB_Lenght = 10

	UL Allocation 5
	RB_Start = 0 / RB_Lenght = 5
	RB_Start = 0 / RB_Lenght = 5

	UL Allocation 6
	RB_Start = 0 / RB_Lenght = 1
	RB_Start = 0 / RB_Lenght = 1
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Figure 5 UL allocations 1 -3
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Figure 6 UL allocations 4-6

Following conclusion can be derived from the simulation outcome.

· More MPR is needed for aggrecated signal where CC allocations are partial compared to fully allocated CC to be able to meet the SEM and ACLR requirements

Next we study how much MPR is needed for partial allocation case to meet the proposed CA BW Class B SEM and REL-8/9 ACLR requirements.

Simulated CC allocations were as in Table 5 below.

Table 5 UL allocations for 2 x 1RB

	
	CC1
	CC2

	UL Allocation 1 
	RB_Start = 0 / RB_Lenght = 1
	RB_Start = 0 / RB_Lenght = 1

	UL Allocation 2
	RB_Start = 50 / RB_Lenght = 1
	RB_Start = 50 / RB_Lenght = 1

	UL Allocation 3
	RB_Start = 0 / RB_Lenght = 1
	RB_Start = 99 / RB_Lenght = 1


[image: image7.wmf]Dataset = LTEA_Oma_Versio_v1

Last saved May 05, 2010 06:21:25 PM

LTE Parameters

Transmit power = 19.067 dBm

UTRAaclr1 = 38.541 dBc

UTRAaclr2 = 67.801 dBc

E-UTRAaclr = 40.064 dBc

 

Passed

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

-80

80

-79

-68

-57

-46

-35

-24

-13

-2

9

-90

20

Frequency Offset (MHz)

dBm/RBW

Spectral emissions mask 

RBW = 100.000 kHz

FCarrier = 1940.000 MHz

Band = 1.000

(User limits)

Channel Bandwidths = {20.000, 20.000}  MHz

Measurement Bandwidth = {18.000, 18.000} MHz

Available Resource Blocks = {@NumOfRB}

Start Resource Blocks = {0.000, 0.000}

End Resource Blocks = {0.000, 0.000}

Allocated Bandwidth = {0.180, 0.180} MHz

LTE carrier spacing = 20.000 MHz

Total Occupied Bandwidth = 40.000 MHz

Dataset = LTEA_Oma_Versio_v1

Last saved May 05, 2010 09:00:42 PM

LTE Parameters

Transmit power = 16.061 dBm

UTRAaclr1 = 55.887 dBc

UTRAaclr2 = 69.545 dBc

E-UTRAaclr = 55.068 dBc

 

Passed

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

-100

100

-79

-68

-57

-46

-35

-24

-13

-2

9

-90

20

Frequency Offset (MHz)

dBm/RBW

Spectral emissions mask 

RBW = 100.000 kHz

FCarrier = 1940.000 MHz

Band = 1.000

(User limits)

Channel Bandwidths = {20.000, 20.000}  MHz

Measurement Bandwidth = {18.000, 18.000} MHz

Available Resource Blocks = {@NumOfRB}

Start Resource Blocks = {0.000, 99.000}

End Resource Blocks = {0.000, 99.000}

Allocated Bandwidth = {0.180, 0.180} MHz

LTE carrier spacing = 20.000 MHz

Total Occupied Bandwidth = 40.000 MHz

Dataset = LTEA_Oma_Versio_v1

Last saved May 05, 2010 09:09:57 PM

LTE Parameters

Transmit power = 19.143 dBm

UTRAaclr1 = 66.039 dBc

UTRAaclr2 = 64.632 dBc

E-UTRAaclr = 39.097 dBc

 

Passed

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

-100

100

-79

-68

-57

-46

-35

-24

-13

-2

9

-90

20

Frequency Offset (MHz)

dBm/RBW

Spectral emissions mask 

RBW = 100.000 kHz

FCarrier = 1940.000 MHz

Band = 1.000

(User limits)

Channel Bandwidths = {20.000, 20.000}  MHz

Measurement Bandwidth = {18.000, 18.000} MHz

Available Resource Blocks = {@NumOfRB}

Start Resource Blocks = {50.000, 50.000}

End Resource Blocks = {50.000, 50.000}

Allocated Bandwidth = {0.180, 0.180} MHz

LTE carrier spacing = 20.000 MHz

Total Occupied Bandwidth = 40.000 MHz


Following conclusions can be derived from the simulation outcome.

· SEM is more critical than ACLR when allocation size is small

· MPR=7 dB was required for 2 x 1 RB to meet the proposed SEM (Full allocation requires MPR =1 dB)
3. Conclusion

In this contribution we proposed that the LTE REL-10 SEM requirement could be specified per CA BW Class and proposed a general spectrum emission mask from CA BW Class B.

We presented simulation results how 2 CC UL signal would conform proposed SEM for CA BW Class B and REL-8/9 ACLR requirements.
Following observations were made.

· 1 dB of MPR was required for fully allocated CC combinations to meet the proposed CA BW Class B SEM
· 2 dB of MPR was required for fully allocated CC combinations to to meet REL-8 ACLR requirements 
· When aggregated BW increases the ACLRUTRA1 and ACLRUTRA2 performance start to be the same.

· If REL-8 ACLR requirements are kept then ACLRUTRA2 becomes dimensioning requirements
· More MPR is needed for partially allocated CC’s compared to fully allocated CC’s to be able to meet the SEM and ACLR requirements

· SEM is more critical than ACLR when partial allocation size on CC’s is small

· MPR=7 dB was required for 2 x 1 RB allocation to meet the proposed SEM (Full allocation requires MPR =1 dB)
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