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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], the scenarios for LTE NC intra-band CA are discussed. In [3], dual receiver is agreed as the reference receiver architecture. In [4] and [5], the impact on UE receiver requirements is analyzed, in particular, unwanted frequency conversion due to LO coupling.
In this contribution, we discuss the LO coupling issues of dual receiver architecture. According to the time scale agreed in [6] and [7], we assume two non-contiguous DL carriers and one UL carrier throughout the contribution.
2 Major concerns
When dual receiver architecture with two DL carriers and one UL carrier is concerned, the UE receiver requirements for NC intra-band CA should be specified, taking into account the following two aspects.

· Minimum UL DL gap: The signal from its own transmitter may influence the receiver performance. In order to avoid any relaxation need of the UE receiver requirements, the maximum UL transmission bandwidth should be set, taking into account the inter-carrier spacin, and, possibly, in proportion to the minimum UL DL gap. For more information, refer to [8].
· Unwanted frequency conversion: Dual receiver architecture generally implies the integration of two high-frequency LOs, as pointed out in [4], [5] and [9]. Because of limited isolation between two LOs, an LO signal applied to its mixer may appear at the other mixer. As illustrated in Figure 1, at the receiver for Carrier #1 (RX1), other than the desired LO signal at the carrier frequency (LO1), several additional spurs may appear, which include another LO signal (LO2) and the IMD components of the two LO signals. The latter spurs occur when two LO signals pass through non-linear devices such as LO buffer. These spurs cause unwanted frequency conversion of UL/DL carriers and/or interfering signals. 
In this contribution, we look into the impact of LO coupling on the UE receiver requirements, and we analyze the LO coupling level required to avoid any relaxation need. 
3 Impact of LO coupling
The unwanted frequency conversion due to LO coupling is two-fold: the conversion due to the spur at the other carrier frequency and the conversion due to the spurs at the IMD frequencies. The former frequency conversion causes interference from the other DL carrier, while the latter frequency conversion may cause interference from an UL carrier or a blocker signal appearing at the IMD frequencies. It should be noted that, since the relative powers of the spurs are subject to the UE receiver implementation, we focus on how much the spurs should be suppressed in order to avoid any relaxation need caused by LO coupling in this section.
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Figure 1. LO coupling for dual receiver architecture.

3.1 Reference sensitivity power level

The reference sensitivity power level is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel. 

In Figure 2, the inter-carrier spacing between two 5 MHz carriers of REFSENS (-96.5 dBm) is assumed to be half the duplexer distance. In other words, a UL carrier of -25 dBm (at the input of LNA) is located at the IM3 frequency of the two DL carrier frequencies. In this case, the spur at the IM3 frequency causes the frequency conversion of the UL carrier, resulting in interference falling onto Carrier #1. In addition, the spur at another carrier frequency (Carrier #2) causes unwanted frequency conversion of Carrier #2. Let 
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 denote the relative power of the spur (i.e., relatve to the desired LO signal) at the carrier frequency of Carrier #2 and the IM3 frequency, respectively. 
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Figure 2. Frequency conversion of UL carrier.
As illustrated in Figure 2, in order to avoid the impact on REFSENS, the interference should be suppressed more than 9 dB below the (maximum allowable) noise-plus-interference level, which is -104 dBm in this example. (Note that, as a rule of thumb, a margin of 9 dB is chosen to keep the relaxation need for REFSENS less than 0.5 dB. The target SINR and the implementation margin are assumed to be -1 dB and 2.5 dB, respectively.) Therefore, the spur at the carrier frequency of Carrier #2 should be smaller than 
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 dBc. On the other hands, the spur at the IM3 frequency should be smaller than 
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 dBc. Otherwise, the unwanted frequency conversion due to LO coupling may require some relaxation for the REFSENS requirements.
It is unclear whether such LO coupling level, i.e., -7.5 dBc at the other carrier frequency and -79 dBc at the IM3 frequency, is achievable with the current UE implementation.
3.2 In-band blocking characteristic

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur. 
In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.
In Figure 3, one 5 MHz carrier (Carrier #1) and one 10 MHz carrier (Carrier #2) are assumed. For simplicity, separate test proposed in [10] is assumed and Carrier #2 is tested with respect to an interfering signal of -44 dBm (according to the IBB2 requirements). Because of the unwanted spur at the carrier frequency of Carrier #1 at the receiver for Carrier #2 (RX2), the interfering signal experiences frequency conversion, thereby falling into Carrier #2. 
As illustrated in Figure 3, in order to avoid any impact on the IBB2 requirements, the interference should be suppressed more than 1.25 dB below the (maximum allowable) noise-plus-interference level, which is -84.3 dBm in this example. (Note that a signal margin of 6 dB assumed for the IBB requirements is taken 
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Figure 3. Frequency conversion of IBB.
into consideration here. Also, the bandwidth scaling factor between two carriers is also considered here.) Therefore, the spur at the carrier frequency of Carrier #2 should be smaller than 
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 dBc. Otherwise, the unwanted frequency conversion due to LO coupling may cause the failure in the IBB requirements.

Again, it is unclear whether such LO coupling level, i.e.,  -40 dBc at the other carrier frequency, is readily achievable with the current UE implementation.
4 Summary

In this contribution, we analyzed how much LO coupling level is allowed to avoid any relaxation need for NC intra-band CA. We encourage other companies in RAN4 to investigate the LO coupling issues before the next meeting so that RAN4 can decide whether some relaxation is needed for the UE receiver requirements.
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