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Introduction
There has been some concern regarding the adjacent channel interference and the impact on the LTE control channels located on the edge of the carrier. Since the adjacent channel interference is largest close to the carrier edge the control channels are likely to be more interfered. In this contribution we quantify the impact of adjacent channel interference specifically on the control channel.
Assumptions

The general framework of the simulations is the one used for other LTE vs LTE coexistence studies [1].
In this contribution we study the influence of one 5 MHz LTE system onto another system with 5 MHz carrier bandwidth. The reason is that the amount of unused carriers on the side, what is sometimes called guard band, is lower than for other configurations. We would thus expect the impact in the adjacent control channel to be the largest in this case.
The most notable difference is the model of adjacent channel interference. The working assumptions for coexistence studies were agreed some time ago. Since then results for spectrum emissions for UE implementations have been shown and ACLR levels have been agreed.

In figure 1 we plot the spectrum emissions for three UEs that each have allocated 8 RBs at different positions in the uplink channel. For reference the positions of the middle and edge resource blocks of the adjacent channels are shown. Depending on the allocated RBs of the interfering UEs we obtain the suppression ratios listed in table 1 for each of the interfered RBs. The suppression ratio is the ratio between the power in the RB in the adjacent channel and the power in a RB in the carrier averaged over all allocated RBs.
	Allocated position of the interfering UE
	Leakage ratio into Adjacent RB
	Middle RB
	Leakage into RB Farthest

	1
	32.1
	47.7
	60.7

	2
	44.4
	60.6
	68.9

	3
	51.2
	65.0
	72.3


Table 1: Suppression ratios for adjacent resource blocks depending on the position of the RBs in the allocated carrier.
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Figure 1: Spectrum emissions for a UE with allocated RBs at different positions in the carrier. Location of control channel and middle RB in the adjacent channel shown for reference.
Results

When we plot the results for the adjacent, middle and distant RB the most notable feature is that the difference between the performance in the individual resource blocks is minor. This indicates that impact of different levels of adjacent channel interference for different RBs only is minor. This also shows that the major interference contribution is co-channel interference.
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Discussion

The levels used for adjacent channel interference may seem low considering the tentatively agreed value of 30 dB for ACLR1. However it is the full BW allocation that drives the UE design and it is reasonable to expect the used levels when 1/3 of the channel is used. If a UE uses a wider bandwidth the adjacent channel interference will be higher. However the interference will be more “flat” in character and thus the difference between the resource blocks will be lower. I.e. the impact on the control channels will be similar to the data channels.
The spectrum emission for the UE shown here is “nice” in character without distinct spikes etc. However the frequency hopping in the control channel should mitigate the problem in most cases.
The adjacent channel interference for wider bandwidths is slightly larger. However the distance to the adjacent carrier is also larger and thus the difference between the adjacent and other RBs is similar.

We note that the main interference source is co-channel interference. This means that the design choices such as power control schemes, scheduling and selection of modulation and coding schemes will be the main factors determining the performance of the control channel. 
Finally is should be noted that not all control bits are sent on the uplink control channel located at the carrier edge. If the UE has data to transmit the control bits are multiplexed onto the data channel.  Thus to fully understand the performance of the control channels the both type of channels should be considered.

Conclusions

The results in this contribution show that the impact of adjacent channel interference on one LTE system from another LTE system is similar across the width of the channel. The main interference contribution is co-channel interference and thus the RRM choices for the control channels will be the main factor determining the performance.
Reference

[1] TR 36.842 E-UTRA Radio Frequency (RF) system scenarios,  v1.0.1
