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1. Introduction

Carrier aggregation between Band 8 and Band 28 is a part of two newly approved 3DL work items for CA_1A-8A-28A [1] and CA_3A-8A-28A [2].  The combination between Band 8 and Band 28 is similar to CA_18A-28A which has been completed as well as CA_1A-19A-28A [3] which was also recently approved as a WI; however, there are also important differences to be considered.

2. Discussion

Band 8 + Band 28 CA is a low-low band combination and therefore has potential for simplification by applying the framework for LL and HH combinations [4].  However, due to the close proximity between the two bands, further study may be warranted.  For example, we observe that B8+B28 shares similarity with B18+B28.  
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However, it is noted that for the B18+B28 combination, the CA configuration is only defined for a subset of Band 28 (703 - 733 MHz UL / 758 - 788 MHz DL) corresponding to the lower 30 MHz of the band.  The reason is that the separation between Band 18 and Band 28 is too small to enable quadplexer design [5].  Moreover, since a common implementation assumption for Band 28 is dual-duplexers, a quadplexed solution would also require either dual quadplexers or be limited to partial-band support for CA.  

On the other hand, the work item for B8+B28 does not consider partial-band support for CA but anticipates support of the entire band.  These two bands are anticipated to be of interest in Japan and Europe requiring support of both lower and upper portions of Band 28.
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Given this, we anticipate that dual-quadplexers might be required to support this CA configuration in the most general sense.  Furthermore, since protection of DTV below Band 28 has been recently added to the specifications [6], the Band 28 quadplexer must also support the necessary attenuation below 694 MHz.   

In this contribution, we start the investigation with one of the dual-quadplexers; namely, we investigate the feasibility of a Band 8 + lower Band 28 quadplexer.  Preliminary simulation results from filter vendors indicate that this will be a very challenging band combination.  One vendor's simulations indicated that the reflectivity (S22) was poor in the Band 8 frequency range leading to a large insertion loss as well as a poor cross-band isolation due to a spurious resonance response in the band.  This vendor has not yet quantified the impact.  Another vendor showed a similar result with significant degradation to Band 8 insertion loss (approximately 1.5 dB delta Tx IL and 2.2 dB delta Rx IL) and cross-band Rx isolation of only 42 dB from Band 8 to Band 28A and only 40 dB from Band 28A into Band 8.  Moreover, since this is to be a dual-quadplexer configuration to support the entire Band 28, there will be additional switch loss impacting Band 8 compared to single carrier operation.  Band 28 already includes this switch loss since even in single carrier, it is likely implemented by dual-duplexer.
Thus, it can be seen that the losses for combining these two bands may be significant, both in TIB/RIB as well as MSD.  Initial simulation results are only for the lower portion of Band 28 already showing highly degraded isolation and large insertion loss.  The upper Band 28 quadplexer is likely to be even worse.  Finally, since this is a dual quadplexer design, it does not meet the criteria for using the framework for LL and HH combinations in [4].
Proposal 1:  We propose that this band combination requires further detailed study, rather than simply applying the LL framework.  
Proposal 2:  We propose that a dual quadplexer solution is investigated for this band combination.
3. Conclusion
In this contribution, we have provided initial results for one of the quadplexers required to support the B8+B28 CA combination.  It has been found that the performance is likely to be significantly degraded due to large insertion loss of 2.2 dB in Rx and poor isolation of only 40 dB.  Moreover, since the CA combination includes both upper and lower Band 28, a dual quadplexer solution is required.  The upper quadplexer has not yet been investigated but since its separation from Band 8 is even smaller than the lower quadplexer, its performance is expected to be even worse.
We do not believe that this combination can be treated with the framework for LL CA combinations.
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