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1. Introduction

Support of 3.5 GHz inter-band CA combinations in the UE was discussed recently in [1].  Several challenges were exposed, particularly with regard to an appropriate UE RF front-end architecture flexible enough to support more than a single specific CA band combination.  In this contribution, further considerations for UE architecture are presented for discussion to be able to meaningfully define specifications.

2. Discussion

In [1], UE architectures to support 3.5 GHz inter-band CA were discussed that included a single wideband antenna shared among all bands.  To share this single antenna, it was shown that a dedicated diplexer cascaded with the common diplexer could be considered, but likely with high loss, or more promisingly, a common triplexer to replace the common diplexer.  In this contribution, we also consider an architecture with multiple antennas.
2.1. Single antenna

Replacing the common diplexer with a common triplexer is an elegant way to be able to support 3.5 GHz inter-band CA in a general manner.  The challenge is in being able to maintain the same insertion loss over the low and high bands up to 2690 MHz that the common diplexer provides.  If the common triplexer's insertion loss exceeds that of the common diplexer in this frequency range, then performance in the low and high bands will degrade and the device may not be able to comply with existing specifications.  Specifically, the existing specifications were derived assuming that the insertion loss of the diplexer is approximately 0.5 dB; hence, the allowed relaxation including "shared pain" is TIB = 0.3 dB and RIB = 0 for high-low band combinations.  
Simulation results for one common triplexer are shown below

	
	Low band
	High band
	Very high band

	Frequency range
	699 - 960
	1710 - 2690
	3400 - 3800

	Abs attenuation (699 - 960 MHz)
	
	15
	25

	Abs attenuation (1710 - 2690 MHz)
	15
	
	15

	Abs attenuation (3400 - 3800 MHz)
	10
	15
	

	Insertion loss
	0.35
	0.65 (1710 - 2170 MHz)

0.95 (2170 - 2690 MHz)
	1.30


It can be seen that the insertion loss, particularly in the high bands above 1710 MHz, i.e., Band 7, Band 23, Band 30, Band 38, Band 40, Band 41, is increased in the common triplexer to 0.9 dB.  The bandpass response is difficult to obtain in this frequency range while simultaneously offering good isolation of at least 15 dB to the 3.5 GHz bands.  Furthermore, the insertion loss in the 3.5 GHz bands is 1.3 dB.  
2.2. Multiple antennas

Another architecture to support CA includes multiple antennas.  By placing the bands to be aggregated each on separate antennas from one another, the need for a diplexer may be avoided in some cases.  If a diplexer is not needed, then its insertion loss is also avoided.  By using separate antennas, the isolation afforded is limited by what the antenna can provide since a discrete filtering device is not used.  Therefore, depending on the frequency and the placement and characteristics of the antennas, the available isolation is approximately 10 dB.  We note that a diplexer typically provides 15-20 dB minimum isolation, so the isolation provided by using separate antennas is generally inferior to that from a diplexer.  
If a separate antenna is to be used, it is likely that this antenna is shared with other bands besides those at 3.5 GHz.  A possible configuration is where this separate antenna is shared with bands above 2.3 GHz.  Such a configuration could enable carrier aggregation between low frequency bands up to 2.1 GHz with high frequency bands above 2.3 GHz, including the 3.5 GHz bands.  However, in this case, a diplexer would be required to aggregate high bands with the 3.5 GHz bands since they would be sharing the same antenna.  For example, a UE supporting Band 41 + Band 42 would require a diplexer.  
2.3. Reference architecture

Practically speaking, there will be multiple implementations of devices supporting CA with 3.5 GHz bands.  Depending on other constraints, such as form factor, cost, support of other bands, etc., the device may be implemented with single antenna or with multiple antennas.  Moreover, the antenna split is highly implementation dependent and may differ depending what other bands and band combinations are to be supported by the device.  For these reasons, we propose that for the purpose of defining specifications, we adopt a reference architecture consisting of a single antenna with common triplexer.

2.4. Specification changes

The triplexer impacts all bands since it is connected directly to the antenna.  Since the insertion loss of the triplexer is larger than that of a common diplexer, the existing specifications may need to be adjusted for devices which support 3.5 GHz bands.  We propose the following for a device that supports CA with 3.5 GHz bands

1. Bands between 2170 - 2690 MHz shall be allowed an additional relaxation of 0.3 dB for both Tx and Rx to account, with shared pain, for the larger insertion loss of the triplexer over this frequency range.  
2. Bands between 3400 - 3800 MHz shall be allowed an additional relaxation of 1.0 dB for both Tx and Rx.
Both of these proposals account for shared pain allocation of the insertion loss of the triplexer.  Since only a single triplexer is represented in this contribution, we welcome additional inputs to include for consideration, noting that the cross band isolations should be at least 15 dB.  The allocation of shared pain for 3.5 GHz bands is larger than for lower frequency bands, due to the higher component and trace losses at 3.5 GHz.  Furthermore, the available gain from 3.5 GHz PA's is lower than for lower frequencies.  On the other hand, it is understood that 3.5 GHz frequencies will be most likely used for small cell deployments where maximum output power and reference sensitivity are less relevant than cells used for coverage.  
3. Conclusion
We have provided further evaluation of architectures enabling UE support of inter-band CA with 3.5 GHz bands, including the possible use of multiple antennas.  Due to the implementation-specific nature of multiple antennas, coupled with the fact that the performance may not be significantly better due to the lower isolation, we propose that a simpler solution is to assume a single antenna with common triplexer.  Based on simulations of one triplexer, we have proposed how the specifications could be modified to enable inter-band CA with 3.5 GHz.
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