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1 Introduction
The LTE carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous (NC) intra-band CA [1]. In [2], three transmitter architectures are presented and and the definition of the spectrum emission mask (including the spurious emission domain boundary) was discussed. In [3], the transmit spectra were simulated for one of the transmitter architectures.
In this contribution, we discuss the UE transmitter architectures for NC intra-band CA. We also discuss the implication in the UE transmitter requirements. In addition, we provide the simulated transmit spectrum in order to see how much MPR is needed to meet the unwanted emission requirements.
2 Background
In [4], the following definitions are introduced to facilitate the discussion.

· Sub-block: This is one contiguous allocated block of spectrum for use by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth. 

· Sub-block bandwidth: The bandwidth of one sub-block.
· Sub-block gap: A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation. 

· Symmetry: A scenario is called symmetric, if the 1st sub-block is of the same bandwidth as the 2nd sub-block. On the other hand, it is called asymmetric, if the 1st sub-block is not of the same bandwidth as the 2nd sub-block.

In addition, in [4], the scenarios for LTE NC intra-band CA are formulated, assuming that 2 sub-blocks (and 1 sub-block gap) within a frequency band. The notations therein are repeated in the following for the sake of convenience. 
· An uppercase letter  refers to the sub-block bandwidth. Different letters are used for different bandwidths (e.g., ‘C’ and ‘D’). 

· A lowercase letter ‘x’ refers to the sub-block gap bandwidth smaller than or equal to TBD. A lower case letter ‘y’ refers to the sub-block gap bandwidth larger than TBD. 
Based on these notations, the scenarios under consideration can be summarized as shown in Table 1. 

	Symmetry
	Sub-block gap bandwidth
	Scenarios
	Example (MHz)

	Symmetric
	≤ TBD
	CxC
	5-25-5

	
	> TBD
	CyC
	5-45-5

	Asymmetric
	≤ TBD
	CxD
	5-25-10

	
	> TBD
	CyD
	5-45-10


Table 1. Scenarios for LTE NC intra-band CA.
3 UE transmitter architectures
In [2], three different UE transmitter architectures were presented and the impact on the UE transmitter performance was discussed. Each of the transmitter architectures is revisited in the following.
3.1 Single-PA single-antenna architecture (SPSA)
This transmitter architecture assumes the use of a single PA and a single transmit antenna. Two non-contiguous sub-blocks are combined before a PA (without significant combiner loss) and are amplified with a single PA. Since the front-end of the transmitter is shared between two sub-blocks, the front-end of a legacy UE transmitter can be reused.

The situation is similar to a multi-tone test for a PA. Therefore, the IMD products of the two sub-blocks result from non-linearity in the PA and are spread over a wide frequency range (including the receive band). This leads to serious unwanted emission. In detail, the IM3 component appears at a distance of the center frequency difference between two sub-blocks, the so-called inter-sub-block spacing. In order to reduce the unwanted emission, a large value of MPR may be needed. 
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Figure 1. SPSA architecture. 
3.2 Dual-PA dual-antenna architecture (DPDA)

This transmitter architecture assumes the use of two PAs and two transmit antennas. For the 2nd sub-block, a separate PA is added to the diversity antenna. Note that the diversity antenna serves as a transmit antenna as well as a receive antenna. The receiver filter connected to the diversity antenna is replaced by a conventional duplexer.
The combining over the air provides a certain level of isolation between two PAs. This helps to reduce the unwanted emission due to the IMD products of two non-contiguous sub-blocks.
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Figure 2. DPDA architecture.
3.3 Dual-PA single-antenna architecture (DPSA)

This transmitter architecture assumes the use of two PAs and a single transmit antenna. Each non-contiguous sub-block is amplified with a separate PA and the combiner adds up the two sub-blocks after the PAs. The combining after PA inevitably introduces a combiner loss of at least 3dB.

The unwanted emission due to IMD products is more or less the same as for the DPDA architecture, since the combiner and/or additional isolators provide isolation between the two PA outputs. Compared with the SPSA architecture, the combiner loss (more than 3dB) tends to almost double the PA power consumption for the same transmit power, since the operating point of each PA should be set in the the same as for the SPSA architecture. Note that, taking into account the required MPR, the power saving of the SPSA architecture tends to diminish in practice, because of additional power backoff. 
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Figure 3. DPSA architecture.
We believe that each of the transmit architectures has its own pros and cons and deserves the further investigation on the implication in the UE requirements.
4 UE transmitter requirements

4.1 OOB emission

The OOB emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This OOB emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio (ACLR).
4.1.1 Spectrum emission mask
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the assigned E-UTRA channel bandwidth. As pointed out in [2], it is unclear whether two sub-blocks should be considered as a single transmission or two separate transmissions. 
If two sub-blocks are considered as a single transmission, the spectrum emission mask region (e.g., the spurious emission domain boundary) scales with the inter-sub-block spacing. This causes a tremendous amount of interference in the single-carrier spurious emission domain of each sub-block, since the unwanted emission requirements in the frequencies are relaxed to the level of the spectrum emission mask of a single carrier, i.e., no lower than -25 dBm/MHz.  
On the other hand, if two sub-blocks are considered as two separate transmissions, the unwanted emission and the resulting interference are kept at the same level as for a single carrier transmission. However, the IMD products of two non-contiguous sub-blocks needs to be restricted by the spectrum emission mask of a single carrier (-25 dBm/MHz), or, in the worst case, the spurious emission domain (-30 dBm/MHz), depending on the inter-sub-block spacing. For example, if two 5 MHz E-UTRA carriers are far apart by 20 MHz, the IM3 products falls on the single-carrier spurious emission domain of the outermost carrier. This leads to a large value of MPR.

In addition, the definition of spectrum emission mask inside a sub-block gap needs to be specified. For example, it is not clear whether it is possible to follow the more relaxed emission requirement.
4.1.2 ACLR
ACLR is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. ACLR requirements are specified for two scenarios for an adjacent E -UTRA and /or UTRA channel. 
E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing. UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2).
Depending on the channel bandwidths and the inter-sub-block spacing, the IMD product may interfere with the adjacent channel. For instance, if one 10 MHz carrier and one 5 MHz carrier hava a sub-block gap of 5 MHz, the IM3 products interferes with a 10 MHz E-UTRA carrier adjacent to the 10 MHz E-UTRA carrier. Therefore, the required MPR needs to be analyzed.
Again, the ACLR requirement inside a sub-block gap needs to be specified. For instance, it is unclear which of the channel bandwidths of two carriers should be assumed as the E-UTRA measurement bandwidth, especially when the inter-sub-block gap is narrower than any of the channel bandwidth of two carriers.
4.2 Spurious emissions
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements inline with SM.329 and E-UTRA operating band requirement to address UE co-existence.
As pointed out in 4.1.1, the spurious emission requirements are also affected by NC intra-band CA, since a large inter-sub-block spacing spreads the IMD components over a wide frequency range. 
5 Simulation results

Here we provide a couple of simulated transmit spectra for NC intra-band CA. The SPSA architecture is assumed here and we assume two 5 MHz E-UTRA carriers with an inter-carrier spacing of 25 MHz. The total transmit power is set to 23 dBm, regardless of RB allocation and power allocation. The PA operating point was set to satisfy the unwanted emission requirements with an MPR of 1dB (QPSK and full RB allocation). For clearer presentation, we consider the impact of the non-linearity of a PA only, in other words, the transmit IQ image, the carrier leakage and the analog baseband non-linearity (including the non-linearity of the mixers) are not considered in the simulations. 
Figure 4 presents the simulated transmit spectra for NC intra-band CA with equal RB allocation and equal power. The transmit spectrum for aggregated narrowband carriers (1 RB + 1 RB) is compared that for aggregated wideband carriers (25 RBs + 25 RBs). The maximum allowable transmit powers to meet the spurious emission requirements (30 dBm/MHz) are also presented for these cases. It is shown that the aggregation of wideband carriers is more favorable in terms of the required MPR than that of narrowband carriers.
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Figure 4. Spectra for NC intra-band CA with equal RB allocation and equal power.

Figure 5 shows the simulated transmit spectrum for NC intra-band CA with unequal RB allocation (1 RB + 25 RBs) and equal power. Note that the PSD of the narrowband carrier is 14 dB higher than that of the wideband carrier, although it is not clear in this figure, since the measurement bandwidth is set to 1 MHz. 
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Figure 5. Spectra for NC intra-band CA with unequal RB allocation and equal power.

Figure 6 shows the simulated transmit spectrum for NC intra-band CA with unequal RB allocation (1 RB + 25 RBs) and equal PSD. Hence, the transmit power of the narrowband carrier is 14 dB lower than than of the wideband carrier. It is clearly shown that unequal RB allocation together with equal PSD allocation reduces the unwanted emission significantly.
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Figure 6. Spectra for NC intra-band CA with unequal resource allocation and equal PSD.

6 Summary

In this contribution, three UE transmitter architectures for NC intra-band CA were discussed, together with the implication in the UE transmitter requirements. The simulated transmit spectrum were presented to see how much MPR is needed to meet the unwanted emission requirements. We encourage RAN4 to look into the impact of NC intra-band CA on the UE transmitter requirements, the required MPR for these transmit architectures.
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