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1. Introduction

The UE architecture to support B39+B41 carrier aggregation was discussed extensively in RAN4 #66bis.  The result of these discussions is captured in [1].  This contribution provides further discussion on the topic and a recommendation to standardize based on a single reference architecture.
2. Discussion

The discussion on the UE architecture to support the TDD inter-band CA configuration is centered around the appropriate UE architecture to support or not-support simultaneous Tx and Rx across component carriers.  On one hand, the proposal in [2] advocates that a single RF architecture should be evaluated for both cases of simultaneous and non-simultaneous operation.  It is argued that a single set of requirements derived from this single architecture can apply to both cases.  On the other hand, proposals in [3] and [4] advocate that distinct UE architectures are identified for the simultaneous vs. non-simultaneous cases and that two sets of specifications are derived.  In general, it would be preferable to have simpler specifications that are more general in nature.  Such reasoning would favor the approach to have a single set of requirements.  However, if there is a large performance difference between the two approaches, given that it has already been agreed that the UE can signal whether it supports simultaneous Tx/Rx or not, then having two sets of requirements may be necessary.  Thus, the first step to answering this question is to evaluate the expected performance of the single architecture approach.

An in-depth analysis was provided in [2] where it was shown that an architecture with separate band filters joined by a dedicated diplexer shows promise.  Upon further investigation we first note that it is important to separate the impact due to insertion loss (passive) from the impact due to transmitter noise (active).  Both of these factors, of course, degrade reference sensitivity and may require a relaxation, but the important distinction is that while the insertion loss is always present, the transmitter noise is only present in a CA configuration where Tx and Rx are operating simultaneously.  The consequence is that for this architecture, the degradation in performance for single mode operation only needs to take into account the insertion loss.  Further, if this architecture is used and operated in a non-simultaneous Tx/Rx mode, then it is also only the insertion loss component that needs to be taken into account.

Passive loss

The passive loss comes from the additional front-end loss imposed by the diplexer's insertion loss.  
Table 1.  B39+B41 diplexer simulation results

	
	Insertion Loss
	Isolation

	
	B39
	B41
	B39
	B41

	Vendor A
	1.1
	1.1
	18.4 (typ)
	12.4 (typ)

	Vendor B
	0.8
	1.4
	15
	15

	Vendor C (Design 1)
	1.1
	0.9
	20
	25

	Vendor C (Design 2)
	1.2
	1.1
	25
	30


The results from Vendor C represent two different designs with the second design being considerably larger in physical size than the first.  It can be seen that the additional insertion loss from the diplexer is slightly larger than 1 dB.

In contrast, it has been shown that an architecture such as the one provided in Figure 2-2 of [3] and Figure 1 of [4] can avoid the diplexer on the transmit path.  Therefore, the transmit paths are connected directly to the antenna switch without any additional insertion loss.  The benefit is that there would be no relaxation necessary for maximum output power with such an architecture.  The receive path does include a diplexer, however, and therefore does incur the additional insertion loss. However, such an architecture with diplexer only in the Rx path is quite restrictive.
Active loss
The active loss comes into play when the transmitter and receiver are operating simultaneously.  For example, Tx PA spectral regrowth, baseband spurious emission products, receiver IP2, LO phase noise, etc., are all active noise sources.  Many of these noise sources are suppressed by filtering.  For example, for FDD bands where the transmitter and receiver are operating simultaneously, the duplexer is typically designed to provide 50 dB or better Rx isolation and 55 dB or better Tx isolation.  For the TDD CA configuration, we rely on the band filters and the diplexer to provide similar isolation for simultaneous Rx/Tx operation.  The attenuation in Band 39 from the Band 41 filter and the attenuation in Band 41 from the Band 39 filter in the worst case over temperature and process is shown below inTable 2
.
Table 2.  Cross-band filter attenuation
	
	B39 Attenuation
	B41 Attenuation

	Vendor A
	23 dB
	

	Vendor B
	20 dB
	

	Vendor C
	28 dB
	

	Vendor D
	
	35.5 dB

	Vendor E
	
	25 dB


Additionally, the diplexer provides cross-band isolation as was shown in Table 1.  Combining the attenuation from the filter with the isolation of the diplexer, the total isolation may be in the range of 40 to 55 dB as a rough estimate depending on other design constraints.  
We estimate that due to PA noise in the Rx band, IP2 in the receiver, and Rx noise figure, the desense for single receiver may be degraded as shown in Table 3.
Table 3.  Single receiver performance as a function of isolation.

	Tx-Rx isolation
	Single receiver desense

	45
	9.0

	47
	5.9

	50
	2.8

	52
	1.7

	55
	1.0


Note that this is a very preliminary analysis and only considers a single receiver.  With a MRC combiner working over two receivers, the performance is expected to improve.  However, the conclusion is that unless an isolation of 50 dB or better can be achieved, there will be reference sensitivity degradation due to these active noise sources.  A more thorough analysis is needed to obtain a more accurate estimate.  From the filter results, we see that the possibility exists to achieve this range of isolation, but this is the result from a single filter vendor simulation and requires the use of a larger component which may not be desirable for all applications.
Recommendation
With regard to the discussion on UE architecture to support simultaneous Rx/Tx or non-simultaneous Rx/Tx, we recommend agreeing on a single architecture to support both.  While we recognize the benefit that a specialized architecture for non-simultaneous operation may offer in reduced insertion loss for Tx, we see such an architecture as too specialized for the purpose of defining the minimum performance specifications.  This specialized architecture is restrictive only allowing 1UL/2DL CA and only allowing non-simultaneous Rx/Tx operation.  This architecture is also restrictive for single band operation since it requires the use of separate filters for Rx and Tx.  For reasons of size, cost, and reduced component count, some implementations may prefer a shared filter with a T/R switch.  

The architecture with diplexer across both Tx and Rx paths of each band is more flexible, albeit less optimal for the specific configuration.  Of course, defining a more general reference architecture for standardization does not preclude the actual implementation of the specific architecture for any particular application.  Therefore, in our view, the specifications should allow for the more general architecture to allow greater flexibility in implementations to support different applications.  Our recommendation is to agree on a single reference architecture for both simultaneous and non-simultaneous as shown below.
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Figure 1.  Generalized architecture for B39+B41
With this choice or architecture, we believe that two different sets of specifications can be derived.  For non-simultaneous operation, only the passive losses are taken into consideration.  Based on simulation results, we can expect that these insertion losses are slightly above 1 dB; taking a shared-pain approach, the maximum output power and reference sensitivity relaxation may be 0.6 dB.  For simultaneous operation, the active noise contribution may require additional reference sensitivity relaxation.  Further study is required to fully quantify this value.
3. Conclusion
In this contribution, we have provided considerations on UE architecture to support inter-band CA between TDD bands 39 and 41.  We recommend defining performance specifications based on a single generalized UE architecture which is capable of supporting both simultaneous and non-simultaneous Rx/Tx operation across the component carriers.  However, we recognize that the performance specifications should differ in these two modes of operation due to passive and active losses.
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