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1. Introduction

The coexistence between Band 7 and Band 38 remains under-specified in the Rel-8 specifications, despite existing or imminent deployment of LTE service in these bands.  Therefore, it is imperative to find a timely resolution to this issue.  The emission requirements recommended by ECC [1] and adopted by ETSI in the European harmonized standard [2] form the basis of recent discussion in RAN4 regarding the coexistence condition.  In this contribution, we present simulation results which indicate that the emission mask may be violated in some conditions and offer proposals on how the specification can be modified to address this.
2. Discussion

It was shown in [3], [4], [5] that the emission requirement of -15.5 dBm/5 MHz is challenging to meet.  Here, we present further simulation results which align with this conclusion.  PA simulations show that the emissions fail the requirement of -15.5 dBm/5 MHz for 10, 15, and 20 MHz channel bandwidths located at the highest channel in Band 7.  The 5 MHz passes, but just barely.
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Figure 1.  Band 7 emissions into Band 38 without A-MPR
It can be seen that with 1dB of A-MPR, the mask is able to be met.  Note that while the plots seem to indicate a failure of the +1.6 dBm/5MHz limit in the first 5 MHz, the actual requirement is not violated because the measurement should only be taken at a frequency which is MBW/2 away from the edge of the frequency range.  In practice, this implies that the measurement should only be taken centered at 2572.5 MHz since the measurement bandwidth is 5 MHz.  At 2572.5 MHz, the requirement is met.
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Figure 2.  Band 7 emissions into Band 38 with A-MPR=1dB
From these and the previously reported results, it seems that some restriction must be imposed on the transmitter in order to comply with the emission limit.  That restriction may come in the form of A-MPR, or reduced bandwidth [6] towards the band edge.  The difficulty is that both Bands 7 and 38 are existing bands where development has already begun and in some cases, products are already released in the marketplace.  Furthermore, the two bands may not be deployed in all geographical areas simultaneously, or there may be other requirements or techniques which other operators may prefer given sufficient time to develop an alternate solution [7].  This implies that the emission requirement and any associated restriction (i.e., A-MPR) should be conditionally indicated by NS signaling.  Unfortunately, it has been established [8] that new requirements and in particular, new NS signaling, may not be applied to existing bands.  This rules out the usage of NS signaling to indicate the region-specific emission requirement and the A-MPR allowance.  Thus, we seek other alternatives.  Unfortunately, the alternatives suggested below only address the problem of being allowed to define A-MPR without NS signaling.  They do not address the problem that different emission mask requirements could be defined for different regions.
One obvious choice is to relax the baseline emission limit above -15.5 dBm/5 MHz.  However, this choice is not recommended since the limit was based on study in ECC on the acceptable level of interference for a packet-based system.  Furthermore, these limits have been widely accepted so relaxing the baseline at this point could be counter-productive.  

A second alternative may be to create an internal guard band.  For example, it can be seen from Figure 1that the emission limit is exceeded only for channels placed at the edge of the band.  If an internal guard band, for example from 2565 – 2570 MHz, could be created then the emission limit could be met without the need for transmit power reduction.  Such an approach could be implemented in the specification without the need for NS signaling by modifying the Note 3 in the UE coexistence table to restrict the applicability of the requirement to channels which are wholly contained with the range 2500 – 2765 MHz, for example.  One disadvantage of this approach, however, is that for the operator which owns spectrum at the edge of Band 7, for example, the usage of this spectrum has now been diminished.
A third alternative is to apply the UE coexistence emission requirement only over the spurious emission domain according to Table 6.6.3.1-1 of TS 36.101.  What this means is that the requirement of -15.5 dBm/5MHz is only required to be met at frequencies at least fOOB MHz offset from the edge of the channel.  Inside this region (the OOB region), the general spectrum emission mask requirements must be met.  In fact, this is the approach that the ETSI harmonized standard has adopted.  The disadvantage of this approach (other than the inelegance to the specification of overloading it with notes) is that users operating at the edge of Band 38 may be subjected to a higher level of interference than the -15.5 dBm limit may have afforded them.  However, the benefit of this approach is that emission requirement can be met outside of the OOB region without the need for A-MPR.  The specification is consistent with the ETSI harmonized standard.  Lastly, the additional interference that the Band 38 device may be subjected to is statistical in nature and may only affect a small number of users for a small fraction of time.  The other alternatives of power reduction, bandwidth reduction, or internal guard bands are systematic restrictions which affect all users.
3. Conclusion

It has been shown by a number of independent sources that the proposed emission mask recommended by ECC can not be met without some restriction.  The conventional solution is to allow A-MPR, but in this case, this solution is difficult to implement since the NS signaling is not allowed for existing bands.  Therefore, other proposals have been considered, but they all suffer some disadvantage.  It is our recommendation that the UE coexistence emission requirement only be applied in the spurious emission domain.  In this way, the need for A-MPR and NS signaling is removed and the impact to most users is minimized.  Indeed, this approach has already been adopted by the ETSI harmonized standard and adopting the same approach here would maintain consistency between the two specifications.
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