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1. [bookmark: _GoBack]Introduction 
In the last RAN WG1 Meeting #84, the following agreement on the support of RB-level multi-cluster transmission was made [1].
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH
· FFS: Detailed design
· FFS: Support of legacy resource allocation for PUSCH

The motivation behind the above agreement is to meet the Occupied Channel Bandwidth (OCB) regulation by ETSI. That is, ESTI specifies that OCB shall be between 80% and 100% of the declared Nominal Channel Bandwidth.
In this contribution, we discuss possible intermodulation distortion (IMD) issue with RB-level multi-cluster (MC) transmission (>2). 
2. IMD issue with multi-cluster transmission
The IMD is caused by non-linearities of the system. IMD results from the mixing of two or more signals of different frequencies. The spurious output occurs at the sum and/or difference of integer multiples of the input frequencies. The non-ideal characteristics of a system can be described by using the power series expansion. By substituting the multi-tone input signal into the power series expansion and by expanding the polynomial terms, the IMD terms are derived.
As a result, the IMD products occur at frequencies that are the sum and/or difference of integer multiple of the fundamental frequencies. For the two-tone signal at frequencies  and , the IMD products occur at frequencies , where  The 2nd-order frequencies are  and the 3rd-order frequencies are  and .
If the input tones are of similar frequencies, the 3rd-order IMD products will be very close to the fundamental frequencies and cannot be easily filtered. Let us illustrate the 3rd-order IMD products, although there are also the impact of other orders of IMD products.



Figure 1. Illustration of IMD products with transmission of two non-adjacent RBs

In the above example, the out-band emission filtering seems challenging as the out-band IMD product is very close to the in-band. There is also in-band IMD product, which can interfere with the signals received from other UEs at the eNB.
Let us now consider another example of RB-level multi-cluster transmission involving four equidistant RBs. 



Figure 2. Illustration of IMD products with transmission of four equidistant RBs

In the example in Figure 2, the IMD terms can be superimposed and generate even higher IMD power. The IMD products occur both out-band and in-band. If the distance between RBs is close, then the out-band IMD term will be also located very adjacent to the operating bandwidth. Therefore, filtering out the out-band emission will be more challenging. On the other hand, the in-band IMD products not only locate at the potential RBs for other UEs but also at the RBs of its own. Thus, it will generate self-interference. 
3. Consequence of IMD
As it was observed in Section 2, the IMD products occur both out-band and in-band. As it has been simulated in our companion contribution in RAN4 [2], the out-band IMD products will degrade the adjacent channel leakage ratio (ACLR) and will result in higher spectral peaks. To fulfil the emission requirements, additional power reduction will be needed. Note that, in RAN4 [3], there is already an additional up to 8dB power reduction specified for single carrier MC transmissions (N=2) and up to 23dB in the worst case for specific CA combinations. Furthermore, the in-band IMD product can self-interfere or interfere with other UE’s transmissions at the eNB. This basically makes the multi-cluster transmission feature useless. The expansion of MC transmission above two clusters will apparently make the IMD impact even worse. 
Note that if the Rel-14 eLAA design is solely based on the RB-level MC transmission (N>2) without an alternative method to fulfil the OCB regulation, there is a chance that the eLAA feature has no practical use in reality due to the high power reduction imposed by RAN4. We thus make the following proposal.
Proposal: We propose to send LS to RAN4 to ask the feasibility of RB-level MC transmission (N>2) from the required power reduction perspective.  
4. Conclusions
In this contribution, we discuss possible intermodulation distortion (IMD) issue with RB-level multi-cluster (MC) transmission (>2). 
Proposal: We propose to send LS to RAN4 to ask the feasibility of RB-level MC transmission (N>2) from the required power reduction perspective.  
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