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1. Introduction
The LTE carrier aggregation enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous intraband CA [1]. In [2], the non-contiguous intraband CA baseline transmitter model was approved as a way forward for setting the requirement. This proposal was acceptable to RAN4 [2].
Proposal 2: Spurious emission/OOB emission boundaries are set for all CCs individually. Transmissions from individual component carriers will meet applicable REL-8 LTE Spectrum emission masks i.e. Method A is selected as a way forward for setting the requirements.
In this contribution we discuss the required MPR for the baseline transmitter model with some specifical constraints, including ESM, ACLR, SE requirements. According to the simulation result, some proposals are given for future study.
2. Discussion

2.1 Simulation set-up and assumptions
In this section, we simulated the required MPR levels for intra-contiguous CA using the baseline transmitter model. And the RF simulation assumptions were as follows:
•
PA operating point: UTRAACLR1 = 33 dBc with Pout = 22 dBm

•
Modulator IQ_ image = 25 dB

•
Modulator carrier leakage = 25 dBc

•
Modulator C_IM3 = 60 dBc
PA operating point: Pout = 22dBm when full RBs allocated in Rel-8 100RB QPSK.
Component carriers (CCs) were generated and modulated in separate signal paths and aggregated before PA according to the baseline transmitter model. The simulation was run at band 3, and the total transmit power was 23 dBm to satisfy the output power limit in Rel. 8. And the component carriers were allocated equal power densities.

These requirements/assumptions were accepted in the simulation, which affect MPR in the non-contiguous intraband carrier aggregation.
· ACLR requirement: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB and E-UTRAACLR1 = 30 dB. This is just suitable for the OOB region except in sub-block gap region. In sub-block gap region, SEM and SE requirements are not relaxed. If SEM requirements overlap in the gap, using the loose SEM limit. This case appears usually due to the different CC bandwidths aggregation.
· General E-UTRA spectrum emission mask (SEM):
	Spectrum emission limit (dBm)/ Channel bandwidth
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	-20
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	-10 
	1 MHz

	( 2.5-2.8
	-10
	-10
	-10
	-10 
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	-10
	-10
	-10
	-10
	1 MHz
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	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	-25
	-13
	-13 
	-13 
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	-13 
	-13 
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	( 15-20
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	-13 
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	( 20-25
	
	
	
	-25 
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· General Spurious Emission (SE) requirement:
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz


· CC bandwidth combinations (Sub-block1 and Sub-block2):

· 20MHz +20MHz
· 15MHz+15MHz
· 10MHz+ 10MHz
· 5MHz+ 5MHz
· Sub-block gap bandwidth between inter CCs: 5MHz, 10MHz, 20MHz, 40MHz.
2.2 Simulation results and discussion
In this section, we provide some simulation results for non-contiguous intraband carrier aggregation. The results include different CC bandwidth combinations with different sub-block gap bandwidths. In order to estimate the effect of different RB allocated, we simulate two conditions: fully allocated and 1RB allocated in each sub-block.
Figure 1 shows the simulation result for two 20MHz CCs aggregation with full allocated and gap=5MHz. The measurement bandwidth is 1MHz and the modulation mode is QPSK.
Spurious emission/OOB emission boundaries are set for all CCs individually. Each component carrier will meet applicable REL-8 LTE Spectrum emission masks.
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Figure 1 Simulation result for 20MHz+20MHz NC intraband CA with full allocated, gap=5MHz, QPSK
The required MPR for four different non-contiguous intraband CA signals with four different sub-block gap bandwidths is presented in the Table 1, which includes two modulation modes: QPSK and 16QAM. The first column indicates the different CC bandwidths and the second column shows the different sub-block gap bandwidths. The third and fifth columns list the MPR value. Limit factor tells us which one decides the MPR value. 
Table1 Required MPR for NC intraband CA with fully allocated to met MSE/ALCR/SE requirements
	CCs Bandwidth Combination
	Gap Bandwidth
	QPSK MPR (dB)
	Limit factor
	16QAM MPR(dB)
	Limit factor

	20MHz+20MHz

(100RBs+100RBs)
	5MHz
	3.5
	SE
	3.61
	SE

	
	10MHz
	3.86
	SE
	4.0
	SE

	
	20MHz
	4.03
	SE
	4.18
	SE

	
	40MHz
	4.03
	SE
	4.18
	SE

	15MHz+15MHz

(75RBs+75RBs)
	5MHz
	3.98
	SE
	4.12
	SE

	
	10MHz
	4.33
	SE
	4.67
	SE

	
	20MHz
	4.37
	SE
	4.68
	SE

	
	40MHz
	4.46
	SE
	4.68
	SE

	10MHz+10MHz

(50RBs+50RBs)
	5MHz
	4.31
	SE
	4.43
	SE

	
	10MHz
	4.84
	SE
	5.0
	SE

	
	20MHz
	4.89
	SE
	5.05
	SE

	
	40MHz
	4.92
	SE
	5.08
	SE

	5MHz+5MHz

(25RBs+25RBs)
	5MHz
	5.47
	SE
	5.48
	SE

	
	10MHz
	5.84
	SE
	6.03
	SE

	
	20MHz
	5.84
	SE
	6.03
	SE

	
	40MHz
	5.84
	SE
	6.05
	SE


From Table 1, we can find that SE is the main limit factor for symmetric CC aggregation. And the case which consists of two 5MHz CCs with gap=5MHz is special. The first limit factor is SE requirement and the second limit factor is UTRAACLR2, this is analyzed in the clause 2.2.3.
For different CC bandwidths aggregation, we can find that the MPR value increases as the bandwidth decreasing. As the sub-block gap bandwidth increasing, the MPR value generally increases. Compared with the simulation results of QPSK and 16QAM, the MPR value has a small difference. 
The simulation results for NC intraband CA with 1RB allocated in edge regions are given. Figure 2 shows the simulation result for two 20MHz CCs aggregation with 1RB allocated in edge regions and gap=5MHz. Table 2 shows the required MPR for NC intraband CA with 1RB allocated in edge regions to meet MSE/ALCR/SE requirements.
[image: image2.png]PSD/(dBm/MHz)

NC CA:20MHz+20MHz, gap=SMHz, Ptotal=15.2dBm, MPR=7.8dB

1 SEM

90 frrmrrTE————  — — - —  — —  — i  — — ————

-120 -100 -80 -60 -40 -20 0 20 40
Frequency(MHz)

60

SE

80

100

120




Figure 2 QPSK simulation result for 20MHz+20MHz non-contiguous intraband CA with 1RB allocated in edge regions and gap=5MHz

Table 2 Required MPR for NC intraband CA with 1RB allocated in edge regions to met MSE/ALCR/SE requirements
	Bandwidth Combination
	Gap Bandwidth
	QPSK MPR (dB)
	Limit factor

	20MHz+20MHz

(1RB+1RB)
	5MHz
	7.8
	SE

	
	10MHz
	7.89
	SE

	
	20MHz
	7.9
	SE

	
	40MHz
	7.9
	SE

	15MHz+15MHz

(1RB+1RB)
	5MHz
	8.02
	SE

	
	10MHz
	8.1
	SE

	
	20MHz
	8.12
	SE

	
	40MHz
	8.12
	SE


From Table 2, it’s obvious that the MPR value is up to the SE limit. And the MPR difference is big between Table 1 and Table 2. Although the MPR difference is small, wideband carrier aggregation is more favorable than narrowband carrier.
2.2.1 The emission limit and ACLR in the gap
How to define the emission limit and ACLR in the sub-block gap is uncertain until now. For the emission limit in the sub-block gap, we can discuss in two cases: 
Case 1: As the sub-block gap bandwidth ≥ Subblock1 OOB+ Subblock2 OOB, spurious emission/OOB emission boundaries are set for all CCs individually.
Case 2: As the sub-block gap bandwidth < Subblock1 OOB+ Subblock2 OOB, using the loose OOB emission boundary in the overlap region.
This is similar with the proposal in [2].
For ACLR in the sub-block gap, this is an important limit factor as the gap bandwidth is wide. According to [3], [4] and [5], we propose to adopt the CACLR, more details can be found in [4] and [5]. Under this condition, there is no 3dB differences with the require value in TS36.101 Rel-8, compared to the proposed way in [3]. And the existing ACLR for UTRA and E-UTRA requirements in TS36.101 Rel-8 can be reused. From the simulation results in Table 1 and 2, it’s obvious that spurious emission (SE) is the main limit factor for MPR. This means that SE requirement is more stringent than ACLR in the non-contiguous intraband CA.
2.2.2 The CC bandwidth aggregation
In contiguous intraband CA, we mainly discuss three different bandwidths aggregation. They are 10MHz, 15MHz and 20MHz. In non-contiguous intraband CA, it prefers to focus on some typical bandwidths aggregation as an initial analysis. From Table 1, it’s obvious that the MPR value with wide CC bandwidths aggregation is smaller than which with narrow CC bandwidths aggregation.
From Table 1 and Table 2, there is a big difference between fully allocated aggregation and 1RB allocated aggregation. The MPR difference reaches 4.3dB at two 20MHz CCs aggregation with gap=5MHz. This was discussed in [6] and [7]. It is shown that the RB allocated ratio is higher, the MPR value is smaller. This is similar with the contiguous intraband CA.
We propose that:
1. If operation bandwidth is enough wide, we propose that the CC bandwidth is as wide as possible. We can get a smaller MPR value compared to narrower CCs bandwidth aggregation.
2. The number of allocated resource blocks is the more the better for getting a small MPR value.
2.2.3 The sub-block gap bandwidth between inter CCs
The sub-block gap bandwidth is a critical factor in non-contiguous intraband CA, which influences the IM3 product position in the band. Why SE requirement is the main limit factor? Due to sub-block gap bandwidth, the IM3 product falls on the CC’s spurious emission domain. 

As a special case, when CC and sub-block gap bandwidths are 5MHz, we can conclude that the third intermodulation product (f3 and f4) just interferences UTRAACLR2. Figure 4(a) shows the relationship between frequencies. 
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Figure 4 (a) Gap=5MHz and BWchannel=5MHz for NC intraband CA, (b) Duplexer characteristic for UL band
Nowadays Band 3, 4 and 25 are proposed as WIs in RAN4, and the uplink bandwidth is 75MHz, 45MHz and 65MHz, respectively. For the 20MHz CCs aggregation case, the maximum sub-block gap bandwidth is 35MHz, 5MHz and 25MHz, respectively. For the 5MHz CCs aggregation case, the maximum sub-block gap bandwidth is 65MHz, 35MHz and 55MHz, respectively. 
Here we discuss the attenuation character of duplexer to improve the MPR value. According to [7], the minimum attenuation of duplexer for Band 3 can provide around -20dB in the frequency range: 1605.9~1690MHz and 1805~1880MHz. This means that the required MPR value for non-contiguous intraband CA can be reduced by duplexer attenuation in Band3, if the sub-block gap bandwidth is wider than 20MHz. It seems that this sub-block gap bandwidth is easy to reach. Figure 4(b) shows the duplexer characteristic for UL band. For Band 4 and 25, we need more information about the duplexer. 
From Table 1 and Table 2, we also find that the MPR value have a slight increase as the sub-block gap bandwidth increasing. The MPR difference is small after the sub-block gap bandwidth ≥10MHz.
Therefore, we propose that:
1. The sub-block gap bandwidth is wider is better for getting a small MPR value with the help of attenuation of duplexer. Because the IM3 product is far away from the operation band and can be attenuated by duplexer.
2. Narrow sub-block gap bandwidth is recommended for getting a small MPR value, without considering the attenuation of duplexer.
2.2.4 The MPR for NC intraband CA
Due to some important factors, such as ACLR in sub-block gap, are uncertain, we just discuss some different CC bandwidth aggregations. As a way forward for discussing the MPR for non-contiguous intraband CA, we propose that:
1. We can discuss the equal bandwidth aggregation case with different sub-block gap bandwidth as the first step. This can refer to the CA discussion. And the sub-block gap bandwidth, it can be divided into three ranges: gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap.
2. For different bandwidth aggregations, we can choose the typical or most desired bandwidth for discussing, such as 20MHz+15MHz, 20MHz+10MHz, 15MHz+10MHz etc. And the sub-block gap bandwidth, it can be divided into three ranges: gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap.
3. Conclusion

As a conclusion we have four proposals on MPR for non-contiguous intraband CA, including the emission and ACLR in the sub-block gap region.
Proposal 1: 
1. As the sub-block gap bandwidth ≥ Subblock1 OOB+ Subblock2 OOB, spurious emission/OOB emission boundaries are set for all CCs individually. As the sub-block gap bandwidth < Subblock1 OOB+ Subblock2 OOB, the loose OOB emission boundary is set for the overlap region.
2. For ACLR in the gap, we propose to adopt the CACLR, more details can be found in [4] and [5].
Proposal 2: 
1. If operation bandwidth is enough wide, we propose that the CC bandwidth is as wide as possible. We can get a smaller MPR value compared to narrower CCs bandwidth aggregation.
2. The number of allocated resource blocks is the more the better for getting a small MPR value.
Proposal 3: 
1. The sub-block gap bandwidth is wider is better for getting a small MPR value with the help of attenuation of duplexer. Because the IM3 product is far away from the operation band and can be attenuated by duplexer.
2. Narrow sub-block gap bandwidth is recommended for getting a small MPR value, without considering the attenuation of duplexer.
Proposal 4:
1. We can discuss the equal bandwidth aggregation case with different sub-block gap bandwidth as the first step. This can refer to the CA discussion. And the sub-block gap bandwidth, it can be divided into three ranges: gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap.
2. For different bandwidth aggregations, we can choose the typical or most desired bandwidth for discussing, such as 20MHz+15MHz, 20MHz+10MHz, 15MHz+10MHz etc. And the sub-block gap bandwidth, it can be divided into three ranges: gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap.
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