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1. Introduction

Aggregation between FDD Band 1 and TDD Band 41 has been proposed for Rel-13 [1], with uplink allowed only in Band 1.  One of the challenges identified is that the TDD front-end does not include a steep duplexing filter so that additional considerations will need to be accounted for when simultaneously operating in the TDD and FDD bands.  This contribution extends the discussion from [2] with additional data and analysis.
2. Discussion

The challenge to supporting 1UL/2DL or 1UL/3DL B1+B41 CA is to be able to mitigate the sources of interference within the UE when simultaneously transmitting and receiving across the two bands.  In general, sufficient cross-band isolation must be provided to enable transmitting in one band while simultaneously receiving in the same band and in the other band.  The case of B1+B41 CA is somewhat simplified since the work item only defines uplink in Band 1.  

Two architectural alternatives that have been presented are a triplexer [3],[4] and dedicated diplexer [5].  We note that with either of these architectures, both the triplexer and the diplexer are likely to be cascaded with a common diplexer since CA terminals supporting multiple band combinations are prevalent.  The triplexer architecture was elaborated in [4] with data from a single filter vendor utilizing FBAR technology.  However, only insertion loss was presented and only at room temperature for a typical part.  Further investigation would be necessary to determine if this component can provide sufficient isolation.
Diplexing and Filtering

We further investigate a diplexer approach.  We construct an architecture cascading components to obtain the necessary isolation of at least 50 dB in the Rx band and 55 dB in the Tx band, and then compute the insertion loss of this structure.  We first evaluate the Band 41 cross-band Rx isolation.  This is an important parameter to consider since leakage from Band 1 transmission will disrupt simultaneous reception on Band 41.  Isolation is provided by the Band 1 Tx filter in conjunction with the B1+B41 dedicated diplexer.  Two diplexers are considered from vendors A and B.  The diplexer from vendor A has lower insertion loss and smaller size, but does not provide as much isolation.  The diplexer for vendor B is the opposite.  With the lower loss diplexer, the cascade isolation is insufficient at only 44 dB.  Therefore, an additional low pass filter in required in the Tx path of Band 1.  Similarly, using the same diplexer, the cross-band Tx isolation is computed.  It was found that for the smaller diplexer, an additional high pass filter is required on the Band 41 path to provide sufficient cascaded isolation.  The insertion losses are then added up with the results summarized in Table 2-1and Table 2-2.  Since there is no uplink in Band 41 with simultaneous downlink in Band 1, it is not necessary to evaluate and design for Band 1 cross-band isolation requirements.
Table 2.1-1.  Band 41 Rx isolation

	
	Vendor A
	Vendor B

	
	Attenuation/Isolation
	Additional Insertion Loss
	Attenuation/Isolation
	Additional Insertion Loss

	Band 1 filter
	34 dB
	
	34 dB
	

	Diplexer
	10 dB
	1.55 dB (2110 - 2170 MHz)

1 dB (1920 - 1980 MHz)
	16 dB
	1.45 dB (2110 - 2170 MHz)

0.75 dB (1920 - 1980 MHz)

	LPF
	10 dB
	0.55 (1920 - 1980 MHz)
	
	

	Total
	54 dB
	1.55 dB (B1 Tx)
1.55 dB (B1 Rx)
	50 dB
	0.75 dB (B1 Tx)
1.45 dB (B1 Rx)


Table 2.1-2.  Band 41 Tx isolation

	
	Vendor A
	Vendor B

	
	Attenuation/Isolation
	Additional Insertion Loss
	Attenuation/Isolation
	Additional Insertion Loss

	Band 34 filter
	15 dB
	
	15 dB
	

	Diplexer
	12 dB
	1 dB (2496 - 2690 MHz)


	30 dB
	2 dB (2496 - 2690 MHz)

	HPF1
	40 dB
	1.3 dB (2496 - 2690 MHz)
	
	0.9 dB (2496 - 2690 MHz)

	HPF2
	
	
	10 dB
	

	Total
	67 dB
	2.3 dB (B41 Tx and Rx)
	55 dB
	2.9 dB (B41 Tx and Rx)


With this, we summarize the additional insertion losses
Table 2.1-3.  Additional front-end insertion loss due to diplexing and filtering

	
	B1 Tx
	B1 Rx
	B41 (Tx and Rx)

	Vendor A (diplexer)
	1.55
	0.75
	2.3

	Vendor B (diplexer)
	1.55
	1.45
	2.9

	Average
	1.55
	1.10
	2.6


Additional switch losses

We note that the above discussion only includes the additional insertion losses due to the diplexer and filtering.  It does not include additional insertion losses due to Tx/Rx switch for Band 41, nor does it include additional switch loss for sharing Band 1 with other band combinations.  For example, for a device that supports B1+B41 in addition to B1+B18, there will be a switch required to provide Band 1 connection to B1+B41 diplexer separately from B1+B18 diplexer.  Similarly, a switch in front of the Band 41 chain would be required if the device supports other high frequency Band 41 combinations such as B41+B42.
3. Conclusion
In this contribution, we provide an analysis of an architecture to support CA between Band 1 and Band 41.  The problem is simplified due to the restriction that uplink is only required on Band 1.  However, it is still found to be challenging to support the required cross-band isolation.  Two vendor solutions are provided, each requiring a combination of diplexing and filtering with their associated insertion losses.
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