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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 intra-band CA [1]. In the last RAN4 meeting, the non-contiguous intra-band CA reference transmitter architecture, CA ACLR and unwanted emission were approved in [2],[3],[4]. MPR for non-contiguous intra-band CA was more or less discussed in [3] and [5], which focused on full RB allocations.
In this contribution we provided some proposals on how to define the MPR for non-contiguous intra-band CA by analyzing and simulating the 15MHz+15MHz and 20MHz+10MHz combinations.
2. Discussion

2.1 Intermodulation product analysis
According to [4] and [5], the spurious emission limit is the dominant gating factor for the MPR as the fully allocated carrier aggregate. So, in this section, we analyze how the intermodulation product affects the MPR value.
Due to the reference transceiver is different from the contiguous carrier aggregation transceiver, especially there are two LOs in the transmitter, contiguous allocation MPR for NC CA shows itself own characteristics.
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Fig.1-a Non-contiguous intra-band CA: allocated RBs in both sub-blocks
Fig.1-a shows non-contiguous intra-band carrier aggregation and the allocated RBs fall into both two sub-blocks. Assuming f1L is the lowest frequency of sub-block1, f2H is the highest frequency of sub-block2, f2 is the center frequency of sub-block2, RBstart is the first allocated RB index. LCRB is the length of a contiguous resource block allocation.
Here we consider three cases:

Case 1: RBstart locates in sub-block1 and LCRB less than the rest allocated RB number of sub-block1, as Fig. 1-b;
Case 2: RBstart locates in sub-block2 and LCRB less than the rest allocated RB number of sub-block2, as Fig. 1-c;
Case 3: RBstart locates in sub-block1 and the allocated RBs fall into both two sub-blocks, as Fig. 1-a.
2.1.1 Case 1 and Case 2 discussion
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Fig.1-b Non-contiguous intra-band CA: allocated RBs only in sub-block1
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Fig.1-c Non-contiguous intra-band CA: allocated RBs only in sub-block2
For case 1 and case 2, there is only one activated CC because no RB is allocated in the other CC, as Fig.1-b and Fig. 1-c. In these cases, we can simplify the analysis just as one CC discussion and ignore the intermodulation product. The most important fact is that the effect of gap bandwidth change for MPR is not obvious.
As gap<5MHz, we don’t need to consider the ACLR in the gap region.
As gap≥5MHz, we must consider the UTRA and EUTRA ACLR in the gap region depending on the sub-block bandwidth.
2.1.2 Case 3 discussion
For case 3, we mainly analyze the intermodulation product and the intermodulation product position changes as the RB start index increasing is shown. It’s worth noting that this analysis is an approximate method. Referring to Fig. 1-a, we can get the lowest and highest frequency of IM3 product as follows:
IM3lowest = 2(f1L + BWstart) - f2
IM3highest = 2f2 - (f1L + BWstart)
The frequency difference between the lowest frequency of IM3 product IM3lowest and the lowest frequency of sub-block1 f1L can be expressed as follows:
f1L - IM3lowest = f2 - f1L - 2BWstart= Gap + 0.5BW1 + 0.5BW2+ 0.5BW1RB -2BWRBstart
The frequency difference between the highest frequency of IM3 product IM3highest and the highest frequency of sub-block2 f2H can be expressed as follows:
IM3highest – f2H = f2L - f1 + 2BWstart – BW2= Gap + 0.5BW1 + 0.5BW1RB - BWRBstart
where Gap is the bandwidth between sub-block1 and sub-block2, BW1is sub-block1 bandwidth, BW2 is sub-block2 bandwidth, BW1RB is the fully allocated bandwidth of sub-block1, BWRBstart=0.18(RBstart+1)MHz.
For 20MHz+10MHz combinations:

As the bandwidth of sub-block1 is 20MHz, the spurious emission limit -30dBm/MHz starts from the point 25MHz far away the sub-block edge. As the bandwidth of sub-block2 is 10MHz, the spurious emission limit -30dBm/MHz starts from the point 15MHz far away the sub-block edge. Therefore, we can analyze that the IM3 product will not fall into the domain required limit of -30dBm/MHz, and calculate how much RBstart is.
f1L - IM3lowest < 25MHz
IM3highest – f2H < 20MHz
As BW1=20MHz, BW1RB=18MHz, BW2=10MHz, BWRBstart=0.18(RBstart+1)MHz, the above two formulas convert into one form:

RBstart > (Gap – 1.36)/0.36

Table 1 shows the calculative results with different gap bandwidth. We will use them in the following analysis. As Gap=37MHz, the RBstart index is 99. This means that the first allocated RB falls in the other sub-block.
Table 1 Different RBstart versus different Gap 
	Gap
	RBstart
	Gap
	RBstart

	3 MHz
	5
	10 MHz
	25

	5 MHz
	11
	37 MHz
	99


For 15MHz+15MHz combinations:

As the bandwidth of sub-block is 15MHz, the spurious emission limit is -30dBm/MHz, deviating from the sub-block edge 20MHz. Therefore, we can analyze that the IM3 product will not fall into the domain required limit of -30dBm/MHz, and calculate how much RBstart is.

f1L - IM3lowest < 20MHz
As BW=15MHz, BWRB=13.5MHz, BWRBstart=0.18(RBstart+1)MHz, we can get the different RBstart versus different gap bandwidth. Table 1 shows the calculative results as Gap= 3MHz, 5MHz, 10MHz, 20MHz, 25.25MHz and 30MHz.

Table.2 Different RBstart versus different Gap
	Gap
	RBstart
	Gap
	RBstart

	3 MHz
	13
	20 MHz
	60

	5 MHz
	18
	25.25 MHz
	74

	10 MHz
	32
	30 MHz
	88


2.2 Simulation set-up and assumptions
In this section, we simulated the required MPR levels for non-contiguous intra-band carrier aggregation using the reference 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.
· CA ACLR requirement: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB and E-UTRAACLR1 = 30 dB. In sub-block gap region, SEM and SE requirements are not relaxed. If SEM requirements overlap in the gap, using the loose SEM limit. 
· General E-UTRA spectrum emission mask (SEM):
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

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

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

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

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

	( 5-6
	-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


· General Spurious Emission (SE) requirement:
	Frequency Range
	Maximum Level
	Measurement Bandwidth

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


2.3 Simulation results and discussion
In this section, we provide some simulation results for non-contiguous intra-band carrier aggregation. And we only analyse the simulation results for 20MHz+10MHz combinations in detail in this section, about the simulation results for 15MHz +15MHz combinations is attached in the annex.

The centre frequency of simulation is 1747.5MHz in Band3. And these results are plotted as contour not grid as usual.
[image: image4.png]3.0
2.0
. 1.0
0.0
MPR(dB)

RBsize

L o e B RN I B S D B S S p e |
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
RBstart




Fig.2 MPR for QPSK transmission in 10MHz+20MHz with Gap=3MHz

From Table 1, we know that: if RBstart ≥5, the IM3 product will not fall into the spurious emission limit -30 dBm/MHz.
If RBstart ≥19, the IM3 product will not fall into the spurious emission limit -25 dBm/MHz.

For transmission in 20MHz+10MHz with Gap=3MHz, contiguous allocation MPR for NC CA is divided into some regions of RB allocation. In the region where the RBstart is allocated in 0 – 19 and 130 – 149, the IM3 product may fall into the domain required limit of -30dBm/MHz and -25dBm/MHz. If all the allocated RBs are in the region 20– 129, no IM3 product will fall into the two domains. However as the RB size increasing, the ACLR will be the limit factor for MPR. These regions can be viewed in the simulation result as Fig. 2.
Based on the results, the following MPR table is proposed.
Table 2: Contiguous allocation MPR with Gap=3MHz
	100RB/50RB
	RBstart
	LCRB [RBs]
	MPR for QPSK [dB]

	
	0 - 19
	>0
	≤ 5 dB

	
	20 - 90
	> 120 - RBstart
	≤ 5 dB

	
	
	<120 - RBstart
	≤ 2 dB

	
	91 - 129
	>0
	≤ 3 dB

	
	130 - 149
	> 0
	≤ 1 dB


This analysis method is similar with the contiguous carrier aggregation A-MPR discussion, such as CA_1C and CA_41C. If the bandwidth of sub-lock1 and sub-block2 exchange, we can still use the above analysis. Also, we can use the same way to analyze other gap bandwidth and carrier bandwidth aggregation.
Proposal 1: Because of the first allocated RB index RBstart  and the length of a contiguous resource block allocation LCRB are very critical factors when determining the MPR for NC-CA, it is proposed that these two parameters can be used to define the Contiguous allocation MPR for non-contiguous intra-band CA , and this is similar to define A-MPR for intra-band contiguous carrier aggregation in 36.101 Rel.10.
We also analyze MPR value with gap = 5MHz, 10MHz and 20MHz.
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Fig.3 MPR for QPSK transmission for 10MHz+20MHz combination with Gap =5MHz

Table 3: Contiguous allocation MPR with Gap =5MHz
	100RB/50RB
	RBstart
	LCRB [RBs]
	MPR for QPSK [dB]

	
	0 - 19
	>0
	≤ 5 dB

	
	20 - 90
	> 110 - RBstart
	≤ 5 dB

	
	
	<110 - RBstart
	≤ 2 dB

	
	91 - 129
	>0
	≤ 4 dB

	
	130 - 149
	> 0
	≤ 1 dB
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Fig.4 MPR for QPSK transmission for 10MHz+20MHz combination with Gap=10MHz
Table 4: Contiguous allocation MPR with Gap =10MHz
	100RB/50RB
	RBstart
	LCRB [RBs]
	MPR for QPSK [dB]

	
	0 - 19
	>0
	≤ 5 dB

	
	20 - 90
	> 110 - RBstart
	≤ 6 dB

	
	
	<110 - RBstart
	≤ 2 dB

	
	91 - 129
	>0
	≤ 5 dB

	
	130 - 149
	> 0
	≤ 1 dB
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Fig.5 MPR for QPSK transmission for 10MHz+20MHz combination with Gap=20MHz

Table 5: Contiguous allocation MPR with Gap =20MHz
	100RB/50RB
	RBstart
	LCRB [RBs]
	MPR for QPSK [dB]

	
	0 - 19
	>0
	≤ 5 dB

	
	20 - 90
	> 100 - RBstart
	≤ 7 dB

	
	
	<100 - RBstart
	≤ 2 dB

	
	91 - 129
	>0
	≤ 6 dB

	
	130 - 149
	> 0
	≤ 1 dB


From the simulation results, it’s important to note that the MPR value is different as the gap bandwidth changes. The MPR<1 dB region size changes smaller, and the maximum MPR value increases as the gap bandwidth increases from 3MHz to 20MHz. It’s difficult to get a formula to include the effect of gap bandwidth from the simulation results.
Compared with the MPR tables, It is difficult to summarize them into one table for a general MPR table. However, as a compromise way, we can choose a suitable MPR value in a proper gap bandwidth, such as gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap. 
As the gap bandwidth exceeds one specific value, the MPR value changes a little and almost the same. This is similar with the cluster simulation results in [6].
Based on the simulation results, we propose that:
Proposal 2: Though the MPR value is different when gap bandwidth changes, but when the size of gap bandwidth within a certain region, the MPR value changes a little and almost the same, so it is proposed that the gap bandwidth should be classified in proper way,such as gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap ,to define the contiguous allocation MPR for non-contiguous intra-band CA define MPR for NC-CA.
We support that a single MPR mask is used for all bandwidth combinations with different gap bandwidth in cluster simulation, which was discussed in [6].
3. Conclusion

In this contribution we discuss the required MPR for the reference transmitter architecture, and mainly focused on different bandwidth aggregation with different gap bandwidth. 20MHz+10MHz carrier aggregation was analyzed and some simulation results are shown. According to the simulation result, some proposals are given:
Proposal 1: Because of the first allocated RB index RBstart  and the length of a contiguous resource block allocation LCRB are very critical factors when determining the MPR for NC-CA, it is proposed that these two parameters can be used to define the Contiguous allocation MPR for non-contiguous intra-band CA , and this is similar to define A-MPR for intra-band contiguous carrier aggregation in 36.101 Rel.10.

Proposal 2: Though the MPR value is different when gap bandwidth changes, but when the size of gap bandwidth within a certain region, the MPR value changes a little and almost the same, so it is proposed that the gap bandwidth should be classified in proper way,such as gap < 5MHz, 5MHz ≤ gap < 15MHz and 15MHz ≤gap ,to define the contiguous allocation MPR for non-contiguous intra-band CA define MPR for NC-CA.
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Fig.6 MPR for QPSK transmission for 15MHz+15MHz combination with Gap=3MHz
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Fig.7 MPR for QPSK transmission for 15MHz+15MHz combination with Gap=5MHz
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Fig.8 MPR for QPSK transmission for 15MHz+15MHz combination with Gap=10MHz
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Fig.9 MPR for QPSK transmission for15MHz+15MHz combination with Gap=20MHz
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Fig.10 MPR for QPSK transmission for 15MHz+15MHz combination with Gap=30MHz
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