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1. Introduction 

In the past several meetings and on the email reflector, lively discussion has taken place on the particular band combinations to be first addressed in RAN4.  In RAN #47, a way forward [1] was agreed upon to progress the carrier aggregation work item.  This contribution discusses UE implementation considerations for the interband non-contiguous combination of bands 1 and 5.

2. Discussion

A single interband non-contiguous carrier aggregation test case has been defined in [1].  Detailed below, this test case consists of the combination between Band 1 and Band 5.
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This test case represents a scenario in which the constituent bands are high and low bands separately widely in frequency.  Due to this wide separation, a possible UE RF front-end capable of supporting this combination is made up of separate RF chains joined together by a diplexer.  A separate RF chain, Rx and Tx including duplexer, is devoted to each band, with the two Rx/Tx chains joined by a diplexer.  The other side of the diplexer is connected to the antenna through a multi-position switch.  For MIMO operation, this configuration is duplicated.
Because the two bands are widely separated, it is anticipated that there should be minimal cross-interference between the bands.  The Tx ACLR regrowth is small and aside from possible flyback, duplexer attenuation should be satisfactory.  Consequently, the requirements of attenuation on the diplexer between its high port and its low port are not stringent.  
Nonetheless, the diplexer is cascaded to the RF chains of boths bands, so its insertion loss must be considered since it adds to the overall loss in each chain.  Rx sensitivity and maximum Tx output power will be affected since both Rx and Tx paths pass through the diplexer.  The insertion loss of the diplexer depends on the particular bands being combined and the other performance characterisitics of the diplexer.  Furthermore, insertion loss may not be the symmetrical between its low band port and its high band port.  As an example, one diplexer vendor has estimated that the insertion loss on its low band port at 800 MHz is typically 0.23dB, but the insertion loss on its high band port at 2400 MHz is typically 1.52dB.  Of course, this is only a single example and one that does not even correspond exactly to the Band 1 + Band 5 combination under study; however, it does illustrate the point that the insertion loss must be factored in.

Table 1.  Example diplexer performance specifications

	
	Low-band Port
	High-band Port

	Passband frequency
	800 MHz
	2400 MHz

	Insertion Loss (Typ)
	0.23 dB
	1.52 dB

	Return Loss
	16.7 dB
	13.4 dB

	Attenuation
	22.4 dB
	25.3 dB


Note that because the diplexer is inline with the RF chain, the insertion loss is present even if the bands are used independently without carrier aggregation and regardless of the channel bandwidth used.  
For this band combination, we recommend relaxing the reference sensitivity requirement and the maximum output power requirement by the worst case insertion loss of the diplexer for each band.  Using the numbers as shown above in Table 1 and assuming for the purposes of illustration that the high band port represents the insertion loss at 2000 MHz as well as 2400 MHz, the reference sensitivity and maximum output power should be relaxed by 0.25dB for Band 5 and 1.5dB for Band 1.
3. Conclusion

In this contribution, we have presented a candidate UE RF architecture to support the interband combination of Band 1 and Band 5.  Each band is supported by its own RF chain with the two chains joined by a diplexer.  Because the diplexer is inserted inline with each RF chain, the insertion loss of the diplexer directly affects the reference sensitivity and maximum output power of each band.  In one example diplexer specification, the insertion loss leads to a recommended relaxation in reference sensitivity and output power by 0.25 and 1.5 dB for Band 5 and Band 1, respectively.  Note that this relaxation is a byproduct of the architecture and exists regardless of whether these two bands are used in aggregation, or if only one of them is used in a Release-8 single band mode.
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