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1 Introduction

The simulation assumptions for TLE UL co-existence analysis are discussed in the [1,2,3]. Based on the analysis and spectrum plots in these documents it’s possible to do a preliminary analytical analysis on co-existence of 5MHz LTE with UTRA and 10MHz LTE with 10MHz LTE.
2 Discussion

Before thinking of the co-existence with other systems on adjacent frequencies some considerations on intra-system interference on link level needs to be done. What needs to be noted that in this context intra-system interference does not include the interference from the other cells on the same frequency, but only the leakage from the used RBs to victim RBs and therefore inter-RB-interference is used throughout this contribution to avoid confusion. In RAN4 ISSL [4] has also been proposed as a measure of the emissions to adjacent RBs of the operation channel in question. The picture below shows one example where 5MHz LTE system is operated with 4 RBs.
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Figure 1. 5Mhz LTE system operated with 4RBs
The caused inter-RB-interference depends only on the C/I requirements of the operated RB. If we assume that a link is operated with C/I =15dB it means that that SNR larger than 15dB+10dB= 25dB would be needed in order to limit the inter-RB-interference to 0.5dB. As the calculation above assumes ideal power control and no fading, some margin needs to be added to compensate for power control errors and fading margin. Assuming some 5dB power control error and fading margin, ~30dB SNR may be necessary to avoid unreasonable inter-RB-interference.

As the sub-carriers are orthogonal to each other the SINC responses of the sub-carriers within used RBs must not be included in the emissions to adjacent RBs but only the spectrum leakage due to transmitter nonlinearity and other RF imperfections needs to be included. Therefore a spectrum analyzer cannot be used to measure emissions but it should be based on the measurement of demodulated power of the sub-carriers within victim RB (EVM). However, as all LTE emissions are non-orthogonal to adjacent UTRA and LTE systems a spectrum analyzer measurement can be used to measure the interference to adjacent systems (ACLR). In order to achieve good ACLR performance some spectrum shaping is most likely needed to make the emissions caused by the nonlinear transmit chain and other RF imperfections the dominating ACLR contributor.
The figure 2 shows simulated PSD of the 5MHz LTE UE output spectrum operating the 4 highest RBs. The emissions to other RBs within the same operating channel have been highlighted with “magenta” and the emissions to adjacent channel with “red”. The operating point of the PA was set in a way that full band 5MHz LTE transmission leads to 33dB AC LR. This is 1 dB lower than UTRA FDD Rel-5 transmitter operating point that results in 33dB ACLR due to 1dB higher CM of LTE UL with QPSK modulation. The integrated power of emissions to adjacent system i.e. ACLR (90% of 5MHz LTE channel) is -35.5dB.
[image: image2.wmf]
Figure 2. Emissions to other RBs and adjacent system

In order to analyse the true level of interference to adjacent RBs on the operating channel, an EVM measurement was performed as described above and the results are shown in figure 3. Figure 3 shows that in this example in which the minimum emission on adjacent RBs is 7-(-22.3dB)= 29.2dB, is very close to assumed minimum adjacent RB emission requirement of 30dB. The resulting ACLR to the adjacent was in the order of 35dB as shown in figure 2.
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Figure 3. Adjacent RB emission measurement
What can be concluded from the analysis above is that the emissions to adjacent system will most likely always be lower than the emissions to the adjacent “in-channel” RBs, as some “virtual guard band” will always exist between the interfering and victim system. E.g. in this 5 MHz LTE / 5 MHz LTE example, the “virtual guard band” consists of 250kHz of spectrum within the used channel  and of 250kHz of spectrum within the interfered channel. So, assuming that ~ -30dB adjacent RB emissions and UL power control are needed to guarantee good LTE system performance, the emissions to adjacent systems are likely of the same magnitude as UTRA FDD emissions (with ACLR1= 33dB) to adjacent systems.  Therefore co-existence of LTE with adjacent LTE or UTRA FDD systems is considered feasible. 
As was noted in [5], the 5 MHz LTE aggressing system was considered the worst case among the identified study scenarios. And [1] showed that the ACLR of less than 4 RBs will be higher, as a larger fraction of the out-of-band emissions will fall into the “virtual guard band”.
3 Conclusions

In this contribution we provided an analytical analysis for co-existence with LTE. If it’s assumed that 
· Adjacent RB emissions in the order of -30dB is needed to achieve good LTE system performance

· spectrum shaping is done to make emissions and other RF imperfection the dominating ACLR contributor

· UL power control and interference coordination schemes results in acceptable intra-system-interference

it was shown that co-existence of  5MHz LTE and UTRA FDD and 10MHz LTE and 10 MHz LTE is feasible. 
The findings and conclusions of this preliminary analytical analysis done under the assumptions listed above should be verified with system simulations during the WI phase when the details of the UL power control, interference coordination, etc have been agreed. Also the adjacent RB emissions of -30dB was just used as preliminary working assumption and the required level should be studied and discussed further.
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