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1. Introduction

In RAN4 #76, a way forward was agreed [1] to study the performance of a Band 41 filter when the frequencies of interest are limited to 2570 – 2690 MHz.  In this contribution the isolation capability of the Band 3 and Band 41 filters is investigated over this limited frequency range.
2. Discussion

Background

The combination of adjacent FDD Band 7 and TDD Band 38 has been proposed as part of two 3DL carrier aggregation combinations.  In each case, only the downlink frequencies of Band 7 and only the downlink subframes in Band 38 are used in carrier aggregation with the uplink in either Band 3 or Band 20, depending on the CA configuration.  The UE RF front-end to support these band combinations has been discussed [1], [2], [3] with the possibility to either design a specialized filter covering only the 2570 – 2690 MHz frequency range or to reuse the Band 41 filter when configured for carrier aggregation.  As described in [1], practical UE implementations are not likely to support a specialized filter for this application and the specifications should be derived in a manner to enable the possibility of both  implementations either using a dedicated filter or reusing the Band 41 filter.  We focus our attention on an RF solution that reuses the Band 41 filter when CA between Band 38 and Band 7 is configured since requirements derived in this manner are also expected to allow for implementations choosing to use a dedicated filter.
Aggregation with Band 3

When considering CA_3A-7A-38A supported by a Band 41 filter, we notice similarities with CA_3A-41A.  We therefore expect that the same UE front-end would be applied, consistent with way forward agreed in [4] where a diplexer or triplexer is used to join Band 3 with the Band 41 duplex filter.  However, there are also differences that may impact the specification derivation.  In particular, the frequency range of interest within the Band 41 filter is limited to 2570 – 2690 MHz for this band combination, and the combination only requires downlink in these subset of frequencies in Band 41.  We consider these similarities and differences and their impact on MSD, TIB, and RIB for this band combination. 
Filter isolation

It was found that the B1+B3 quadplexer representing the current state-of-the-art Band 3 performance provides 40 dB isolation into Band 41 frequencies [5].  While it might be anticipated that further improvement can be obtained when restricting the observation to Band 38 and Band 7 downlink frequencies, upon closer study of the quadplexer transfer function it was discovered that the B3 duplexer and quadplexers have worst case performance at the upper part of Band 41.  Therefore, there is no additional isolation available over the B38+B7DL frequency range and the value of 40 dB isolation is maintained.

The Band 41 filter was found to have performance as shown below in Table 1, duplicated from [6].  The Band 3 rejection performance of the filter is invariant to the location of the channel; in other words, the Band 3 rejection of this filter is the same whether the filter is used for the entire Band 41 or whether it is used only over the subset of Band 41.  Therefore, there is no difference in Band 3 rejection for this band combination compared to what was assumed for B3+B41.
Table 1.  Band 3 and Band 41 filter data

	Vendor
	B3 Tx rejection (min)
	B3 Rx rejection (min)
	B41 IL (max)

	A
	18 dB (estimated)
	15 dB (estimated)
	3.9 dB

	B
	22 dB (estimated)
	15 dB (estimated)
	3.5 dB

	C
	30 dB
	21 dB
	3.9 dB

	C (simulated)
	30 dB
	30 dB
	3.9 dB

	D1
	23 dB
	19 dB
	4.6 dB

	D2
	22 dB
	18 dB
	3.5 dB

	E
	34 dB
	30 dB
	4.4 dB

	Average
	26 dB
	21 dB
	4.0 dB


The diplexer was assumed to provide 15 dB isolation with maximum insertion loss of 1 dB.  The isolation is not expected to improve since the 15 dB is dominated by the upper frequencies of Band 41 which coincide with the frequencies considered here.
Filter insertion loss

The Band 41 filter insertion loss is reported as 4.0 dB when averaged across multiple vendors as indicated in Table 1.  A closer inspection of the filter response in worst case conditions but over the limited frequency range may justify a lower insertion loss than represented in the table above.  In four filter vendors surveyed, the benefit in insertion loss over the 2570 – 2690 MHz frequency range for the Band 41 filter was 0.1 dB, 0.8 dB, 0.6 dB, and 0.4 dB.  

The benefit to the diplexer insertion loss is only 0.05 dB; in other words, there is no insertion loss benefit in the diplexer.
Transceiver

In addition to the improved performance of external filtering components, there may also be slight improvement in the transceiver performance.  Aided by the larger Tx-Rx frequency separation, LO phase noise, IP2, baseband filtering may all experience some modest improvement depending upon the design.  At the time of this writing, the possible improvement in transceiver performance over larger frequency separation was not yet available.
Aggregation with Band 20

The same considerations for CA_3A-7A-38A can also be applied to CA_7A-20A-38A with uplink in Band 20.  However, the architecture for Band 20 is different since Band 20 is a low frequency band.  Therefore, it is anticipated that Band 20 will be aggregated by means of a common H/L diplexer at the antenna port.  It was suggested in [3] that a device supporting both CA_3A-7A-38A and CA_7A-20A-38A should be considered.  In this case, it is envisioned that the UE RF front-end would consist of a H/L diplexer at the antenna port cascaded with a local diplexer between Band 3 and Band 7+Band 38 (or triplexer between these bands).  As such, the available isolation between the low frequencies of Band 20 and the high frequencies of Band 3, Band 7, and Band 38 should be sufficiently high since attenuation and isolation come from the Band 41 filter, the local diplexer, and the common diplexer.  On the other hand, the insertion loss would also be somewhat high since all three of these filters are cascaded in the RF chain.  
3. Conclusion

Preliminary study of the impact of considering only a limited frequency range within the Band 41 filter is provided in this paper.  Further study is needed to determine the MSD, TIB, and RIB values.
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