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1. Introduction

During the RAN4 Ad-Hoc meeting 2010 AH4 held in Xian, the following technical decisions were made for contiguous intra-band aggregated carriers [1]:

· Channel spacing as defined in [1], Sec 5.7.1A.
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· Spectral emission masks as defined in Table 1 (taken from [1], Table 6.6.2.1A-1).
· E-UTRA ACLR = [30dB] ([1], Table 6.6.2.3.1A-1)
· E-UTRA CA ACLR = 30dB ([1], Table 6.6.2.3.1A-1)
· Guard bands = 0.05 max(BWChannel(1),BWChannel(2)) i.e. Guard bands will be the larger of the REL-8 guard band on aggregated CC’s
It has previously been agreed that UTRA ACLR limits should be as follows:

· UTRAACLR1 
= 33 dBc

· UTRAACLR2 
= 36 dBc
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	1 MHz

	( 5-30
	-13
	-13
	1 MHz

	( 30-35
	-25
	-13
	1 MHz

	( 35-39.8
	
	-13
	1 MHz

	( 39.8-44.8
	
	-25
	1 MHz


Table 1: Spectral emission masks, [1], Table 6.6.2.1A-1
At the RAN4 Meeting #56, a paper [2] was presented that summarised the backoff that would be required to meet the various transmit SEM and ACLR transmit requirements for aggregated 20MHz carriers and aggregated 15MHz carriers.  This paper is an update to [2], where the simulations have been repeated with the new channel spacing formula, SEM and guard band definitions. In addition also 10+20 MHz aggregated signal is studied. 
2. Discussion

In this contribution we present results for an aggregated signal with the following settings. 
· Total Aggregated Transmission Bandwidth Configuration: 100 + 100 RB, 75+75 RB and 50+100 RB
· Component Carrier Spacing as defined in [1]: 19.8 MHz (for 100+100 RB case), 15.0 MHz (for 75+75 RB Case) and 13.8 MHz (for 50+100 RB Case)
· Guard bands are set to 1 MHz on either side of the aggregated channel bandwidth (for 100+100 RB case), 0.75MHz (for 75+75 RB case) and 1MHz (for 50+100 RB case)
· Data Modulation: QPSK and 16QAM
· RB allocations: contiguous i.e. no empty RB’s between transmitted clusters
· RB_Start is always 0

Some simulation assumptions are as in Table 2. PA operating point was set so that for one fully allocated (100RB) carrier (LTE Rel-8 carrier) the reported UTRAACLR1 level was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101. Backoff and MPR values are referred to this PA operating point.
Table 2: RF settings

	Power amplifier operating point
	

	UTRAACLR1 for Rel8 carrier
	33 dB

	Modulator impairments
	

	IQ-Imbalance
	25 dB

	Carrier leakage
	25 dB

	3rd order  Counter-IM level
	60 dB


The transmit requirements were taken from [1] as summarised in Section 1.
3. Simulation results

3.1 Required PA  backoff
Figures 1-3 show the backoff required to satisfy all the evaluated criteria’s listed in chapter 1.
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Figure 1: MPR to satisfy all spectral criteria (100+100 RB)
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Figure 2: MPR to satisfy all spectral criteria (75+75 RB)
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Figure 3: MPR to satisfy all spectral criteria (50+100 RB)

From Figures 1 to 3, it can be seen that as the total number of RBs in the contiguous allocation increases, the criterion that determines the maximum backoff required changes. For the narrowest allocations the SEM is the limiting criteria and for the widest allocations CA E-UTRAACLR is the limiting criteria. 
Also from the Figures 1-3 it can be seen that when the aggregated transmissions bandwidth configuration is such that it allocates RB’s from two component carrier i.e. for 20+20 case the allocation is larger than 100 RB and for 15+15 case the allocation is larger than 75 RB and for 10+20 case the allocation is larger than 50 RB (10 MHz CC populated first) then the needed backoff increases strongly. This is due to a fact that then the single carrier properties of signal are not any more valid because two CC are allocated. When two CC are being populated that leads to higher cubic metric value for the aggregated signal and therefore it requires more backoff. 
In below we have collected all QPSK results from Figures 1 - 3 into Figure 4 and similarly 16 –QAM results are collected into Figure 5.. 
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Figure 4: Summary of required backoff for all QPSK configurations
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Figure 5: Summary of required backoff for all 16QAM configurations
4. Observations
In this contribution, the contiguous allocation of resource blocks over two carriers is studied (100 RB + 100 RB and 75 RB+ 75 RB and 50RB + 100RB  scenarios). It has been shown that depending on number of total allocated resource blocks different Tx requirements determine the required backoff. 
Table 3 below summarises the required backoff needed to satisfy the Tx requirements as a function of number of RBs. 

Table 3: Required MPR as function of number of RBs

	Total number of RBs
	Backoff needed

100+100 RB
	Backoff needed

75+75 RB
	Backoff needed

50+100 RB

	
	QPSK
	16-QAM
	QPSK
	16-QAM
	QPSK
	16-QAM

	0-20
	0.32
	0.68
	0.28
	0.44
	0
	0.22

	21-40
	0.8
	1.35
	0.87
	1.42
	1.05
	1.58

	41-60
	0.86
	1.43
	0.83
	1.4
	1.44
	2.01

	61-80
	0.81
	1.36
	0.85
	1.29
	1.64
	2.07

	81-100
	0.73
	1.25
	1.38
	1.76
	1.76
	2.11

	101-120
	1.37
	1.8
	1.46
	1.83
	1.76
	2.17

	121-140
	1.62
	1.97
	1.51
	1.87
	1.81
	2.17

	141-160(1)
	1.72
	2.08
	1.53
	1.87
	1.79
	2.09

	161-180
	1.75
	2.09
	N/A
	N/A
	N/A
	N/A

	181-200
	1.77
	2.13
	N/A
	N/A
	N/A
	N/A

	(1) The values are applicable only till total number of RBs = 150


Contiguous allocation in this contribution refers to case where no empty RB’s are located within an UL allocation. This is not a typical network behaviour because in most cases there will be PUCCH regions reserved for other UE’s to send uplink control information. These PUCCH regions that will break the contiguous nature of the allocation are the higher edge PUCCH of the lower carrier and the lower edge PUCCH of the higher carrier which are located in the middle of the aggregated signal. As a corner case it is how ever possible to schedule full bandwidth to a single UE without PUCCH regions.
It should be also noted that even though called contiguous allocation in this paper the allocations wide enough to extend to second carrier are not single carrier transmissions therefore the PAR and the cubic metric are increased and hence more MPR is required compared to truly single carrier transmission. 
When the aggregated transmissions bandwidth configuration is such that it allocates RB’s from two component carriers then the needed backoff increases strongly and this can be observed easily from the figures 1-5 and from table 1. As an example this means than if a UL signal having size of 100 RB is allocated into two CC each having bandwidth of 15 MHz then more MPR is needed than for single carrier signal consisting of a single CC having bandwidth of 20 MHz.
Also in the case where the allocation is limited to single carrier (Pcc) and the other carrier (Scc) do not contain transmissions but the Tx is configured to 2 CC mode one cannot directly compare the required MPR or emissions to release 8/9 operation because the Tx bandwidth is wider and the carrier leakage and IQ-image components are located differently compared to truly single carrier transmission specified in REL-8/9. This will cause a fact that the IMD products generated in PA are located differently in OOB and spurious regions when one compares carrier aggregated signal to REL-8/9 signal even though the allocation size would be same and it would be located on a same position on single carrier.
5. Conclusion

Based on the study presented in this contribution we propose following MPR definition to CA BW Class C for allocations that are truly contiguous i.e. no empty RB within allocated resources.
Table:  Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	50 RB / 100 RB
	75 RB / 75 RB
	100 RB / 100 RB
	

	QPSK
	> 12
	> 16
	> 18
	≤ 1

	QPSK
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 12
	> 16
	> 18
	≤ 2

	16 QAM
	> 50
	> 75
	> 100
	≤ 3


6. Reference

[1] R4-103980, TR36.807v 0.2.0, Motorola, TSG-RAN Working Group 4 (Radio) Ad Hoc #4

[2] R4-102860, LTE CA Contiguous Allocation Study, Nokia, TSG-RAN Working Group 4 (Radio) Meeting #56
7. Text proposal to UE TR
*********************Start of text proposal to TP Section 6.2.3 *********************
6.2.3
UE Maximum Output power for modulation / channel bandwidth 

Channel arrangement

In this chapter we present results of MPR study for an aggregated signal with the following settings. 

· Total Aggregated Transmission Bandwidth Configuration: 100 + 100 RB, 75+75 RB and 50+100 RB

· Component Carrier Spacing as defined in [1]: 19.8 MHz (for 100+100 RB case), 15.0 MHz (for 75+75 RB Case) and 13.8 MHz (for 50+100 RB Case)

· Guard bands are set to 1 MHz on either side of the aggregated channel bandwidth (for 100+100 RB case), 0.75MHz (for 75+75 RB case) and 1MHz (for 50+100 RB case)

· Data Modulation: QPSK and 16QAM
· RB allocations: contiguous i.e. no empty RB’s between transmitted clusters

· RB_Start is always 0

Simulation assumptions

Simulation assumptions used are listed in Table 6.2.3-1. PA operating point was set so that for one fully allocated (100RB) carrier (LTE Rel-8 carrier) the reported UTRAACLR1 level was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101. Backoff and MPR values are referred to this PA operating point.

Table 6.2.3-1: RF settings

	Power amplifier operating point
	

	UTRAACLR1 for Rel8 carrier
	33 dB

	Modulator impairments
	

	IQ-Imbalance
	25 dB

	Carrier leakage
	25 dB

	3rd order  Counter-IM level
	60 dB


Target requirements
Following ACLR and SEM requirements were used when required backoff (MPR) was searhed. These requirements are inline with the agreements done during previous RAN4 meetings.

· E-UTRAACLR
= 30 dBc

· UTRAACLR1 
= 33 dBc

· UTRAACLR2 
= 36 dBc

· CA E-UTRAACLR
= 30 dBc

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	1 MHz

	( 5-30
	-13
	-13
	1 MHz

	( 30-35
	-25
	-13
	1 MHz

	( 35-39.8
	
	-13
	1 MHz

	( 39.8-44.8
	
	-25
	1 MHz


Table 6.2.3-2: Spectral emission masks, from [1], Table 6.6.2.1A-1
Simulation results

Results are presented in a form of a graphs Figures 6.2.3-1 and 6.2.3-2 and a Table 6.2.3-3.
From the Figures 6.2.3-1 and 6.2.3-2, it can be seen that as the total number of RBs in the contiguous allocation increases, the criterion that determines the maximum backoff needed changes. This trend is depicted in Figure 6.2.3-1  for 100+100 RB allocation and Figure 6.2.3-2  for 75+75 RB allocation. 
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Figure 6.2.3-1: Criteria impacting the MPR requirement (100+100 RB)
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Figure 6.2.3-2: Criteria impacting the MPR requirement (75+75 RB)
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Figure 6.2.3-3  Criteria impacting the MPR requirement (50+100 RB)
Table 6.2.3-3 below summarises the required backoff needed to satisfy the Tx requirements as a function of number of RBs for both QPSK and 16-QAM signals. 

Table 6.2.3-3: Required MPR as function of number of RBs

	Total number of RBs
	Backoff needed

100+100 RB
	Backoff needed

75+75 RB
	Backoff needed

50+100 RB

	
	QPSK
	16-QAM
	QPSK
	16-QAM
	QPSK
	16-QAM

	0-20
	0.32
	0.68
	0.28
	0.44
	0
	0.22

	21-40
	0.8
	1.35
	0.87
	1.42
	1.05
	1.58

	41-60
	0.86
	1.43
	0.83
	1.4
	1.44
	2.01

	61-80
	0.81
	1.36
	0.85
	1.29
	1.64
	2.07

	81-100
	0.73
	1.25
	1.38
	1.76
	1.76
	2.11

	101-120
	1.37
	1.8
	1.46
	1.83
	1.76
	2.17

	121-140
	1.62
	1.97
	1.51
	1.87
	1.81
	2.17

	141-160(1)
	1.72
	2.08
	1.53
	1.87
	1.79
	2.09

	161-180
	1.75
	2.09
	N/A
	N/A
	N/A
	N/A

	181-200
	1.77
	2.13
	N/A
	N/A
	N/A
	N/A

	(1) The values are applicable only till total number of RBs = 150


Contiguous allocation in this contribution refers to case where no empty RB’s are located within an UL allocation. This is not a typical network behaviour because in most cases there will be PUCCH regions reserved for other UE’s to send uplink control information. These PUCCH regions that will break the contiguous nature of the allocation are the higher edge PUCCH of the lower carrier and the lower edge PUCCH of the higher carrier which are located in the middle of the aggregated signal. As a corner case it is how ever possible to schedule full bandwidth to a single UE without PUCCH regions.

It should be also noted that even though called contiguous allocation in this paper the allocations wide enough to extend to second carrier are not single carrier transmissions therefore the PAR and the cubic metric are increased and hence more MPR is required compared to truly single carrier transmission. 

When the aggregated transmissions bandwidth configuration is such that it allocates RB’s from two component carriers then the needed backoff increases strongly and this can be observed easily from the figures 1-5 and from table 1. As an example this means than if a UL signal having size of 100 RB is allocated into two CC each having bandwidth of 15 MHz then more MPR is needed than for single carrier signal consisting of a single CC having bandwidth of 20 MHz.

Also in the case where the allocation is limited to single carrier (Pcc) and the other carrier (Scc) do not contain transmissions but the Tx is configured to 2 CC mode one cannot directly compare the required MPR or emissions to release 8/9 operation because the Tx bandwidth is wider and the carrier leakage and IQ-image components are located differently compared to truly single carrier transmission specified in REL-8/9. This will cause a fact that the IMD products generated in PA are located differently in OOB and spurious regions when one compares carrier aggregated signal to REL-8/9 signal even though the allocation size would be same and it would be located on a same position on single carrier.
********************* End of text proposal to TP Section 6.2.3 *********************

*********************Start to TP to Annex B*********************

6.2.3
UE Maximum Output power for modulation / channel bandwidth 

For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1:  Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

6.2.3A
UE Maximum Output power for modulation / channel bandwidth (CA)
For CA Bandwidth Class A (Table 5.6A-1), the requirements in Clause 6.2.3 apply.

For CA Bandwidth Class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1due to higher order modulation and contiguously aggregated transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3A-1.
Table 6.2.3A-1:  Maximum Power Reduction (MPR) for Power Class 3
	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	50 RB / 100 RB
	75 RB / 75 RB
	100 RB / 100 RB
	

	QPSK
	> 12
	> 16
	> 18
	≤ 1

	QPSK
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 12
	> 16
	> 18
	≤ 2

	16 QAM
	> 50
	> 75
	> 100
	≤ 3


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.
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