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1 Introduction

In [1] and [2], the concept of In-band Sub-carrier Set Leakage (ISSL) was introduced. ISSL describes the amount of allowed disturbance from one UE transmitter located on one sub-carrier set onto another sub-carrier set within the regulatory bandwidth of the UE. The current assumption is that a sub-carrier set, also known in the uplink as a resource unit, consists of 25 sub-carriers. The ISSL concept is further discussed here.
The amount of unwanted power emitted into the sub-carrier sets allocated to other users depends on TX imperfections such as phase noise, IQ imbalance, and PA non-linearities. The reason for limiting the in-band unwanted emissions is that the interference from a UE that is received with high power at the Node B may drastically reduce the SNR for another UE that is received with weaker signal strength. The situation improves significantly if some sort of transmit power control in the uplink is used. This is elaborated in [3].  
2 User Equipment in-band unwanted emissions
The different simulated scenarios in [3] show two things: 

1. There is a large benefit from having some form of transmit power control in the uplink, and 

2. It is important to have rather stringent requirements on the in-band unwanted emissions. 

It is concluded that the performance, both in terms of system throughput and user throughput, is close to optimal if the unwanted in-band emissions are suppressed 25-30 dB, using power control. If on the other hand the unwanted emissions are suppressed less than 20 dB, there is a substantial loss in performance, especially for the users at the cell edge for full system load. A disclaimer should however be made that the disturbance model used in the simulation is flat over the whole band, whereas it will vary across the band in a real system. The results are thus expected to be somewhat conservative. It should also be noted that the simulations are made with different power control schemes than the one that is used in preliminary UL co-existence studies. However, similar results are expected regardless of what power control scheme is used.
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Figure 1 An example of a PSD from a UE with TX imperfections transmitting on 10 resource units in a 20 MHz LTE system. The frequency 0 corresponds to the center of the band.
To see how the in-band unwanted emissions may look in practice, let’s consider an example. Figure 1 depicts an example of the power spectral density for a simulated SC-FDMA signal from a UE including a pulse-shaping filter and realistic TX imperfections such as phase-noise, IQ imbalance, and a non-linear PA model. The UE is transmitting with 24 dBm at the antenna using the 10 leftmost resource units in a 20 MHz LTE system, i.e. sub-carriers from -9 to -5.265 MHz. The unwanted in-band emissions emanating from the PA and the phase noise influence mostly the carriers closest to the used sub-carriers, and the IQ imbalance affects the frequencies mirrored in the carrier frequency
. 
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Figure 2 Example of normalized PSD for different number of used resource units. 
The impact of the number of used resource units is illustrated in Figure 2. The horizontal axis is scaled such that the used frequencies are located at the negative resource unit counts closest to zero. For simplicity, the effect of the IQ imbalance has been omitted here. From the figure it appears that the demands for more than 25 dB ISSL seem feasible, possibly except for the 1-2 resource units that are most adjacent to the used ones. 

It should however be noted that the emitted spectrum alone does not give a complete picture of the achievable SNR for the radio link occupying the adjacent resource units. The reason for this is that also in a perfectly orthogonal system, there is a spectral leakage. A more accurate measure of the inter-carrier interference caused by Tx imperfections would be an EVM or SNR measurement targeting this. A simplified sketch, illustrating the principle for this, is shown in Figure 3. The first n resource units are allocated to the device under test (DUT). For all the other resource units, the same power per resource unit is used, but with ideal TX. The ISSL can now be defined as the achievable SNR for each of the resource units using ideal TX and RX. 

[image: image3]
Figure 3 Simplified schematic illustrating ISSL based on EVM
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Figure 4 Achievable SNR on adjacent resource units (n+1 to 48) when resource units 1 to n are allocated to the device under test. The SNR for the device under test is not shown in the figure, thus the graphs start at resource unit n+1.
In Figure 4, simulations showing the achievable SNR per (adjacent) resource unit is shown for a 20 MHz LTE system, using a realistic TX impairment model. Noise has been added in order to saturate the SNR around 50 dB. In the figure, resource units 1 to n are allocated to the DUT, and resource units n+1 to 48 are allocated to other users. The most adjacent resource units will experience the phase noise and PA non-linearity from the DUT, the ones located at the mirror frequencies will experience the IQ imbalance. Depending on the number of allocated resource units, some adjacent users may be subject to both types of interference. The figure should be used as an illustration only, not to derive absolute numbers for ISSL requirements. However, the figure indicates that ISSL in the order of 25-30 dB, as desired in [3], is feasible.
3 Proposal

When defining a viable ISSL measure, it is not sufficient to look only at spectrum emissions. We propose that the ISSL requirements for a UE is defined using the maximum achievable SNR per resource unit for ideal radio links occupying resource units not used by the UE. It is likely that it is sufficient to specify only one common worst-case value used for all resource units, even though in practice the SNR may vary significantly between resource units.
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� How the IQ imbalance causes unwanted emissions is related to the mirror image rejection, and will thus differ depending on the transmitter topology. In the example, a direct up-conversion transmitter with carrier frequency at the center of the 20 MHz band has been used.





