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1. Introduction

In [1], a way forward was agreed to greatly simplify the specification of high-high and low-low DL CA combinations that can be implemented by quadplexer.  Furthermore, another way forward in [2] for combinations with mid-bands was agreed.
2. Discussion

The framework agreements for high-high, low-low, and mid inter-band CA combinations greatly simplify and accelerate the specification process for these types of band combinations.  The agreement is that relaxations shall be specified as shown below in Table 1.

Table 1.  Relaxations for CA combination types

	Combination type
	TIB
	RIB

	Low-low
	0.5
	0

	High-high
	0.5
	0

	Low-Mid
	0.3
	0

	Mid-High
	0.5
	0


This agreement applies for combinations that can be implemented by quadplexer, triplexer, or diplexer, for 1UL/2DL and 2UL/2DL combinations.  For LL and HH combinations, the agreement applies for both FDD+FDD as well as FDD+TDD; whereas for mid-band combinations, the agreement only applies to FDD+FDD combinations.  The agreement does not include TDD+TDD combinations which are treated differently depending whether there is a requirement for simultaneous Tx and Rx across bands.
There is no denying that such a framework minimizes the standardization effort and RAN4 has already seen the benefit for several band combinations which were able to be completed in short time without discussion.  However, there is also a risk to adopting such a framework.  Prior to agreement of the framework, a technical evaluation was performed by multiple companies within RAN4 to assess feasibility and to estimate performance of the band combination.  This included providing feedback and simulation results for filters, PA's, transceivers and identifying potential blocking issues or implementation challenges.  This, of course, is a necessary step in eventually producing a device capable of supporting the band combination.  Now with the framework agreed, however, this work is no longer required and therefore no longer a necessary part of the RAN4 standardization process.  Instead, specifications in accordance with Table 1 are produced based on past history of average performance for similar combination types.  The danger lies in the fact that while RAN4 is no longer conducting a feasibility and technical evaluation, the work remains to be done.  The work has simply been shifted outside of the purview of RAN4.  The end result is that band combinations can be defined quickly in RAN4, but that the specifications may not be met by devices and therefore devices supporting the band combination will not be made available.  Even if available, the time from when specifications are defined to when products become available may increase due to the additional work that must now be conducted outside of RAN4.  In short, RAN4 specifications become less credible and may become less of an indicator to actual device support and availability.

Observation:  If 3GPP does not perform technical feasibility analysis for CA band combinations as a prerequesite for standardization, the work must still be done outside of 3GPP with an increased risk that there is a discrepancy between 3GPP specifications and product availability and performance.

This framework and the associated risk have arguably become inevitable given the large number of CA combinations presented to RAN4.  Nonetheless, it may be prudent to reconsider relying too heavily upon such a framework for more difficult band combinations.  In fact, there is already some aspect of that recognized in the framework.  For example, the framework states that it is only applicable for combinations that can be implemented by quadplexer, triplexer, or diplexer.  Thus, band combinations which are spaced too closely together would not be included in such a framework.  For example, preliminary estimates from [3] suggest that the spacing is too close to build a practical quadplexer for B8+B27 CA.  Therefore, the quadplexer framework cannot be applied to this combination.  Other combinations may be in a similar situation.
We recognize that it is not straightforward to determine which combinations are feasible for framework and which are not.  In fact, the work to determine this might be analogous to the amount of work that was previously done before the framework was agreed where extensive filter simulation and evaluation must be performed.  Moreover, by simply applying the framework, we are effectively constraining one aspect of the filter design, namely, the insertion loss.  By constraining this one design parameter, other undesirable side-effects may surface as a consequence.  Therefore, we do not believe that all combinations are suitable to be treated by the agreed framework.  The result would be creating specifications for some band combinations that cannot and will not be implemented in practice, or for designs that would simply ignore the specifications.

Proposal 1:  Identify CA band combinations that cannot be supported by the framework for HH, LL, or mid-band combinations.

A second case worthy of additional consideration is the combination with TDD bands.  While the framework was able to draw upon a longer history with a larger number of FDD+FDD combinations, there is relatively little history for FDD+TDD combinations since those have only recently been evaluated in RAN4.  In fact, during discussion of FDD+TDD band combinations, for example B1+B41, it was recognized that there are additional challenges to FDD+TDD combinations because of the limited attenuation and isolation offered by the TDD Tx and Rx filter.  Moreover, this concern was recognized in the mid-band framework of [2] where FDD+TDD combinations are excluded.
Proposal 2:  FDD+TDD band combinations should be removed from the HH and LL framework and treated individually.

3. Conclusion
In this contribution, we have described some side-effects of the agreed framework on quadplexer relaxations.  While the benefit of the framework is undeniable, it is important to understand when the framework can be properly applied, and when further evaluation may be necessary for particular band combinations.  Two proposals are provided for consideration.
Proposal 1:  Identify CA band combinations that cannot be supported by the framework for HH, LL, or mid-band combinations.

Proposal 2:  FDD+TDD band combinations should be removed from the HH and LL framework and treated individually.
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