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1. Introduction

Coexistence requirements for the protection of Band 34 from Band 1interference have been analyzed in several technical contributions to RAN4 ([1], [2], [3], [4]). Some of these studies (e.g. [1]) were based on measurements and/or simulations of earlier generation power amplifier (PA) devices with limited linearity and efficiency characteristics. Performance with the latest generation PAs has remained unexplored until now. To bridge this gap we present a simulation study using a new multi-mode, multi-band (MMMB) PA device operating in the upper region of Band 1. 
2. Discussion

The results presented in this contribution employ the PA model introduced in [5]. The model is based on a currently available commercial MMMB PA operating in Band 1 and characterized at ambient temperature (T = 25oC). The PA model was scaled to provide E-UTRA ACLR = 33 dB. Transceiver carrier leakage and carrier-to-image rejection were set to 25 dB. The transceiver CIMR3 ratio was set to 60 dBc. A QPSK LTE20 test signal with 6.5 dB PAR was used as excitation. The centre carrier frequency was 1970 MHz in the upper region of Band 1. 
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A comprehensive set of simulations for all the possible combinations of RB start offsets and L_CRB values were completed. Band 34 ( 2010 MHz <= F_DL <= 2025 MHz) interference in a 1 MHz measurement BW at the output of the PA was computed in order to determine minimum duplexer attenuation requirements. Worst case (largest magnitude) interference values were logged. Figure 1 summarizes results from the simulations. 
Figure 1. Band 34 interference as a function of RB start offset and L_CRB
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The current 3GPP Band 34 protection limit is -50 dBm/MHz. Similar regulatory emission limits (-50 dBm/MHz) for the 2010-2025 MHz frequency range exist in Japan and China. Allocation restrictions are undesirable and A-MPR (network signalling) cannot be used to meet this spec due to legacy operation considerations. This places a severe constraint on duplexer attenuation performance. Figure 2 shows the regions (RB start offset and L_CRB combinations) for which duplexer attenuation is needed to satisfy -50 dBm/MHz.

Figure 2. RB start offset and L_CRB combinations for which B34 interference exceeds -50 dBm/MHz
 Analysis of the simulation data shown in Figure 2 reveals that a minimum of 11 dB of duplexer attenuation would be required. Once PVT variations affecting the linearity of the transmit chain are factored in the analysis, this number increases significantly (> 2 dB). A large duplexer attenuation requirement is obviously undesirable as it results in a significant insertion loss penalty. The need of a relaxation in the regulatory emissions limits as proposed in [3], [4], [6], [7] and [8] is supported by our simulation results.
3. Conclusion
We have presented a simulation study for Band 1 (upper region) and Band 34 coexistence using a latest generation PA model. Simulation results provide additional justification to the proposal modification of the current -50 dBm/MHz spurious emission protection requirement for Band 34. One vendor shows a typical attenuation of more than 20 dBs at the cost of higher than typical insertion loss however their worst case attenuation is a much worse at only 7 dB. Contribution [3] shows results of about 8 dB of insertion loss which is compatible with our values. Clearly achieving more than 8 dB isolation (worst case) is a challenge for duplexer vendors. Not relaxing the spec would result in an unacceptable insertion loss penalty and/or very stringent linearity for the PA which is not compatible with the new generation of MMMB efficient PAs.
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