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Introduction
The open issue of MPR for multi-cluster transmission has been discussed extensively for several meetings in RAN4. In current specification, MPR for multi-cluster is defined as 5th order inter-modulation(IMD5) product does fall into the spurious emission region, which is larger than the actual maximum allowable MPR when IMD5 fall into the OOB region. Some UE vendors provided the simulations to prove it [1-2] by using the conventional PAs. 
Meanwhile, HEPA is highly attractive both for UE vendors and operators due to advantages. In this contribution, MPR issue for multi-cluster transmission are summarized and a clue of way forward is discussed by taking HEPA into account.
2 MPR difference due to IMD5 location
For multi-cluster transmission, the power amplifiers(PA) is essential part in the TX link, and additional spectral components at the carrier frequency are generated due to nonlinearity of PA, such as harmonic products and inter-modulation products. It can be noted that the 3rd order inter-modulation(IMD3) product does not reach beyond the OOB region, and thus does not impact the spurious domain[3], whereas the IMD5 sometimes fall into the OOB region and sometimes fall into the spurious region. For 7th order inter-modulation, the power level is too weak to be ignored. Therefore, MPR will be different due to different IMD5 location.
The MPR requirement difference when comparing the case that IMD5 fall into the spurious region with the case that IMD5 fall into the OOB region is due to different emission levels at different domains. As we all known, spurious emission level is more stringent than SEM. IMD5 is a pulse signal. Once it falls into the spurious domain, as shown in figure1. Large MPR are needed to meet the spurious emission level. However, if IMD5 with the same power level fall into the OOB region, as shown in Figure 2, no excess MPR are needed, because IMD5 power level is lower than SEM power level. 
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Figure 1 IMD5 fall into the spurious region for multi-cluster transmission
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Figure 2 IMD5 fall into the OOB region for multi-cluster transmission
In current specification, MPR for multi-cluster transmission is defined based on the case in Figure 1. It results in that the MPR defined from specification is larger than the actual MPR needed when IMD5 fall into the OOB region. For smaller UL RB allocation, IMD5 with small RB allocation fall into the OOB region. According to MPR defined in current specification, it leads to inevitably sacrifice MOP. If excess MPR requirement is avoided, for small RB allocation, there are several benefits for UE[4], which include
i) load balancing between the two component carriers;

ii) an increase in average throughput;

iii) an increase in system throughput.

Thus for multi-cluster transmission(1 CC and intra-band contiguous CA), an equation is proposed to distinguish IMD5 location. If RB allocation meet 
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IMD5 must be fall into the OOB region [5]. And the maximum allowable MPR value is still in discussion based on simulation. 
In current specification, multi-cluster transmissions include single CC case and intra-band contiguous CA case, and MPR for these two cases are different. Hence MPR reduction for IMD5 location should be treated separately for these two multi-cluster transmission cases.
Observation1: It’s feasible to add MPR reduction for IMD5 does not fall into spurious domain into current specification for multi-cluster transmission. And it should be treated separately for multi-cluster of single CC and intra-band contiguous CA. 
3 Clue of way forward
Until now, simulations for MPR reduction when IMD5 fall into OOB region are with assumption of conventional PA. In recent RAN4 meetings, HEPA adoption instead of conventional PA is still a popular topic. HEPA is highly attractive to both most UE vendors and operators in terms of several advantages 
i) PA efficiency improvement;

ii) power saving;

iii) increase standby time;
iv) surface heat reduction.

In last RAN4 meeting, although no agreement for HEPA adoption, there is agreement that would like pay close attention to HEPA. However, there is not any consensus reached on how HEPA will impact to emission performance, e.g., SEM and spurious emission. Therefore, it is not clear how HEPA will impact to MPR reduction due to IMD5. Meanwhile, it is expected MPR requirement should be finalized in Rel-11 time frame. Therefore, 
Observation2: it is pre-mature to define MPR reduction requirement due to IMD5 location based on HEPA. It is suggested to define MPR reduction requirement based on conventional PA.  
4 Conclusion
In this contribution, MPR reduction issue due to different IMD5 location are summarized and a clue of way forward is discussed about HEPA. Two observations are obtained as below
Observation1: It’s feasible to add MPR reduction for IMD5 does not fall into spurious domain into current specification for multi-cluster transmission. And should be treated separately for multi-cluster of single CC and intra-band contiguous CA. 
Observation2: it is pre-mature to define MPR reduction requirement due to IMD5 location based on HEPA. It is suggested to define MPR reduction requirement based on conventional PA. 
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