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1. Introduction
In this contribution we discuss the non-contiguous intraband CA transmitter reference architecture selection and how the OOB/spurious emission boundary should be defined and we make proposals for these issues. Additionally we present simulation results for MPR for non-contiguous intra band CA transmission with 2 component carriers using single PA transmitter architecture and proposed method for setting the requirements.
2. Discussion
2.1 Transmitter reference architecture

Previously we have presented three possible reference transmitter architectures [1] and discussed the pro and cons of those. These architectures are re-captured in Figure 1. 
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Figure 1: Possible Tx reference architectures

Tx architecture 1 has a single PA and single antenna, TX architecture 2 has dual antenna and dual PA and Tx architecture 3 has dual PA and single antenna. As was discussed in [1] all three architectures have pros and cons however we think that architectures 2 and 3 have both a properties that does not allow them to be used as a reference architecture for NC intraband CA requirement work. 

First the Tx architecture 2 is very problematic as it requires two equally efficient transmitter antennas which satisfy the required TPR performance which are not easy to full fill even with single antenna designs. Issues here is the space in UE with single antenna designs there are more possibilities to achieve the TRP target compared to case where both antennas need to deliver same TRP performance. Additionally both antenna positions need to deliver acceptable SAR performance as well because both transmitter chains can be scheduled to transmit with full +23 dBm power. We assume that scheduling decisions happen so dynamically that UE has not time to change the transmission to SAR optimized antenna as no glitches to transmissions will not be allowed. Hence if this architecture is selected it would limit the design freedom of UE form factors quite drastically. 
Secondly the Tx architecture 3 is problematic as the combining of the PA outputs will cause additional 3 dB attenuation for the signal path after the PAs. This attenuation is there also in single carrier mode. In order to compensate this 3 dB loss UE needs to have a PAs which have 3 dB higher output power as the normal ones. This is not feasible as  the current consumption and thermal dissipation would grow beyond acceptable.
Based on the above we propose that Tx architecture 1 is selected as the reference architecture for the non-contiguous intraband CA work. But we are not proposing Tx architecture 1 only because the Tx2 and Tx3 have big disadvantaged. On top of that we think that selection of this architecture gives big advantage for non-contiguous deployments as the UE architecture is very similar to contiguous intraband UE architectures. In fact the front end of the UE (PA+ swithes+filter+antenna) is identical with the contiguous intraband and also with the single carrier UEs. 
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Figure 1: Used Tx architechture

Proposal 1: Single PA single antenna UE architecture is selected as reference transmitter architecture for non-contiguous intraband CA work
2.2 How to set the requirements

As was already discussed in [1] it is not self-evident how the requirement should be set for non-contiguous intraband CA. There is no guidance in current 3GPP specifications which would for example determine whether non-contiguous transmission is a single transmission or two separate transmissions. Nor have we found this kind of guidance from ITU specifications [2][3][4][5].

Therefore RAN4 needs to decide 

1. how to specify the spurious emission / out of band emission boundary
2. How to handle the requirements in the gap

In Figure 2 we have drawn two choices how to set the spurious emission/OOB emission boundary. Method A considers that transmissions are individual transmissions and spurious emission/OOB emission boundary is determined separately for both transmissions. Method B considers the non-contiguous transmission and a single transmission and the spurious emission/OOB emission boundary is determined from the total bandwidth of the signal. For both Method A and Method B there needs to be a decision how to handle the gap.

After considering the pros and cons of these two methods we came into a conclusion that Method A is a proper choice for setting the requirements for non-contiguous intraband case. Method A means that UE needs to full fill same emission requirements as two independent UE transmitting the same signals would need to full fill. This way we can ensure that non-contiguous intraband UE does not interfere other UEs operating on other networks more than what is the current emission levels for single carrier UEs. Following the same methodology we are proposing that in the gap UE must meet normal spurious emission / OOB emission requirements without any relaxations as there are other UE operating on another network which would be interfered.
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Figure 2: How to define the OOB boundary frequency

In the following chapters we present simulation results of necessary MPR for Tx architecture 1 UE to be able to meet requirements set with method A.

Proposal 2: Spurios 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 
Proposal 3: SEM and spurios emission requirements are not relaxed in the gap.  If SEMs overlap least strict SEM limit is chosen

2.3 Spectrum plots

The simulation campaign was performed using Tx architecture 1 configuration which has individual baseband chains and modulators for each component carrier but only a single power amplifier. Signals are combined just before the PA. This Tx architecture is illustrated in Figure 1.
The spectrum emission masks used for defining the needed MPR were release 8 masks which were applied individually to each component carrier. This means that when compared to single carrier transmission no additional emissions were allowed. For the gap between component carriers the least strict SEM limit was chosen if SEM masks were overlapping. If the gap is wide enough also spurious emissions region was taken into use between carriers. A few examples of spectrum plots are shown in Figures 3-6 to illustrate used SEM and spurious emissions limits.
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Figure 3: 100+100 RB with 5 MHz gap
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Figure 4: 100+100 RB with 30 MHz gap
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Figure 5: 100+100 RB with 70 MHz gap
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Figure 6: 100+50 RB with 35 MHz gap
From the Figures 3-6 it can be seen that intermodulation between component carriers is in a very important role. Spurious emissions limit is a dominant gating factor and the required MPR does depend only little on the distance between component carriers. 
2.4 Simulation campaign
The allocation ratio is used to determine the MPR for intra band contiguous carrier aggregation multi cluster transmission. It was also studied if allocation ratio could be used here but it was noticed that using NRB_alloc the absolute number of allocated resource blocks gives a better outcome. This is because spurious emissions limit is the dominant gating factor in non-contiguous CA, therefore the required backoff depends on the absolute number of resource blocks. 
During the simulation campaign a large set of randomly created allocation scenarios were simulated and appropriate back off value was searched.  Studies were performed for bandwidth combinations 

· 100 RB + 100 RB
· 100 RB + 50 RB

· 100 RB + 25 RB

· 25 RB + 25 RB

· 25 RB + 50 RB

In all cases there was at least one cluster in each component carrier. Required backoff was searched for different distances between component carriers.

Simulation assumptions were as follows:

· PA operating point: UTRAACLR1 = 33 dBc with Pout = 22 dBm with fully allocated 20 MHz carrier using QPSK
· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dB
ACLR limits were the same for all simulations and were defined as shown in table 2. ACLR calculated also between carriers. Same offset frequencies from channel edge and limits were used between the component carriers as outside them. If the gap was less than 5 MHz wide, no UTRA ACLR calculations were made. If the gap was from 5 MHz to 10 MHz, only UTRA ACLR 1 was evaluated between component carriers and if gap was 10 MHz or wider, both UTRA ACLR1 and ACLR2 were calculated.

With CA EUTRA ACLR also the gap between carriers was included in the measurement bandwidth, meaning that the measurement bandwidth was equal to the bandwidth between outer edges of component carriers. How to set CA EUTRA ACLR for non.contiguos CA requires further thinking.
Because CA EUTRA ACLR never fits between component carriers a corresponding limit, denoted here as gap EUTRA ACLR, was calculated. It was defined as a ratio between total wanted power and total leakage power between carriers.

Table 1: ACLR requirements

	UTRA ACLR 1
	33 dB

	UTRA ACLR 2
	36 dB

	CA EUTRA ACLR
	30 dB

	Gap EUTRA ACLR
	30 dB


Spurious emission limit is shown in table 2.

Table 2: Spurious Emissions Limits
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	1GHz – 12.75GHz
	-30dBm
	1 MHz


2.5 Simulation results
During simulations backoff was added so that finally all SEM, ACLR, and spurious emissions requirements were fulfilled. The proposed MPR mask in the following figures is same in all of them. It can be seen that using the number of allocated resource blocks is suitable for all bandwidth combinations and gap widths.
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Figure 7: 100RB + 100RB with 1.4 MHz gap width, QPSK
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Figure 8: 100RB + 100RB with 5 MHz gap width, QPSK
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Figure 9: 100RB + 100RB with 20 MHz gap width, 16-QAM
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Figure 10: 100RB + 100RB with 40 MHz gap width, 16-QAM
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Figure 11: 100RB + 50RB, 5 MHz gap width, 16-QAM
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Figure 12: 100RB + 50RB, 20 MHz gap width, 16-QAM
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Figure 13: 100RB + 50RB, 40 MHz gap width, 16-QAM
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Figure 14: 100RB + 25RB, 5 MHz gap width, 16-QAM
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Figure 15: 100RB + 25RB, 20 MHz gap width, 16-QAM
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Figure 16: 100RB + 25RB, 40 MHz gap width, 16-QAM
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Figure 17: 25RB + 25RB, 5 MHz gap width, 16-QAM
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Figure 18: 25RB + 25RB, 20 MHz gap width, 16-QAM
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Figure 19: 25RB + 25RB, 40 MHz gap width, 16-QAM
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Figure 20: 50RB + 25RB, 5 MHz gap width, 16-QAM
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Figure 21: 50RB + 25RB,20 MHz gap width, 16-QAM
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Figure 22: 50RB + 25RB, 40 MHz gap width, 16-QAM
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Figure 23: All simulation results with different bandwidth combinations and gap widths combined.

We have added below a figure 24 from [6] where contiguous intraband CA (REL-10) and single carrier multi cluster MPR mask are presented. When comparing figured 23 and 24 we can observe that non-contiguous intraband CA requires comparable level of MPR except for the extreme narrowest allocations.
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Figure 24: Intra-band concituos CA and single carrier multi cluster MPR masks taken from [6]
2.6 Mask definition

Based on the simulation results it is proposed that a single MPR mask is used for all bandwidth combinations. Gap width does not have a significant effect on the required backoff and therefore it does not need to be taken into account in mask definition.

The tentatively proposed mask which is plotted in Figures 6 - 23 can be formally written as follows:

MPR = CEIL {MN, 0.5}

Where MA is defined as follows 
MN= -0.115 NRB_alloc + 12.5


; 0       ≤ N < 65

-0.011 NRB_alloc + 5.72



; 65
≤ N ≤ 200

Where NRB_alloc is the number of allocated resource blocks.

We think that MPR definition proposed here is very well aligned with the contiguous intraband MPR definition. For large allocations the required MPR for non-contiguous case is less than 1 dB more than for contiguous intraband MPR and for very small allocations the difference is in the order of 4 dB.  We think that the fact that non-contiguous intraband requires more MPR than contiguous intraband is evident and the difference in MPR is actually much smaller than we anticipated.
We will do further studying on the topic by performing a actual measurements to verify that the used PA model can realistically capture the transmission of non-contiguous intraband CA.
3. Conclusion

In this contribution we have proposed reference transmitter architecture for non-contiguous intraband CA work. We have a proposal how the requirements should be set and we have provided our simulation results for required MPR for intra band non-contiguous carrier aggregation transmission with two component carriers and tentatively proposed a MPR mask.
Proposal 1: Single PA single antenna UE architecture is selected as reference transmitter architecture for non-contiguous intraband CA work
Proposal 2: Spurios 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 
Proposal 3: SEM and spurios emission requirements are not relaxed in the gap.  If SEMs overlap least strict SEM limit is chosen
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