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1. Introduction

The work for defining specifications in RAN4 for 2UL inter-band CA has been postponed to Rel-12 and will be addressed in five work items corresponding to the five defined CA classes.  This contribution represents an extension to the ideas and discussion initially presented in [1] and describes how the work might be structured for 2UL inter-band CA.
2. Discussion

One of the open discussion points to consider when defining the work items and progressing the work on 2UL inter-band CA is the applicability of the defined CA classes.  Today, we have defined five CA classes, but have only considered their usage in the context of 1UL/2DL CA.  In fact, class A4 has not yet been addressed since this class only applies to CA configurations with more than one uplink carrier.  However, the question on how to leverage the class definitions for 2UL CA remains.  The original intent to defining the concept of CA classes is to group similar band combinations with similar characteristics together so that a common method can be used to define their specifications.  Arguably, the most successful class is A1 which fortunately covers a large number of band combinations.  For the band combinations which fall into the A1 class, it has already been agreed that relaxations to maximum output power are limited to 0.3 dB and that no relaxations are allowed for reference sensitivity.  It would be desirable to be able to maintain the simplicity of the A1 class as 2UL CA is introduced.
When two uplink carriers are simultaneously transmitting, it can be expected that there may be additional harmonic and intermodulation terms generated.  It is the generation of these terms that mainly distinguishes 2UL from 1UL CA.  Depending on the location and magnitude of these spurious terms, the impact can be benign or can require adjustment and relaxation of specifications or can require redesign of the UE.  We consider several cases as follows.

Out-of-band.  In the case that the spurious products land outside of bands of interest, their impact can be neglected from the perspective of the specifications.  

Receive band.  In the case that the spurious products fall within the receive band of one of the component carriers, the treatment is considered within the A4 class, which has not been discussed so far.

Coexistence with 3GPP bands.  In the case that the spurious products fall within one of the 3GPP protected bands or frequency ranges, then it is likely that either the emission requirement should be relaxed, or that the maximum output power is allowed to be reduced.  Since a CA UE should not generate more interference than a non-CA UE, then it is more reasonable a maximum output power reduction should be considered.  Re-design of the UE is also a possibility.

Coexistence with other bands.  In the case that the spurious products fall within other protected bands that are not explicitly offered protection by the 3GPP specifications, it is likely that the maximum output power should be allowed to be reduced.  For example, if the spurious products fall within the GPS band, it will generally not be acceptable to allowed degraded GPS performance, so the only recourse is reducing the output power of the aggressor.  Re-design of the UE is also a possibility.
Rx requirements.  The Rx requirements so far have only been defined for a single uplink component carrier.  In general, the requirements are defined with both downlink CC's active, but only a single UL CC active in the carrier opposite to the one that is currently being tested in Rx.  With 2UL CA, it is expected that both UL CC's should be active.  Thus, in addition to spurious products landing in one of the receive bands to be treated in class A4 as described above, there is the possibility that additional intermod terms are generated with blocking signals, intermods may fall within ACS region, etc.  
Impact to class A1

We evaluate the potential impact to the class A1 combinations when introducing 2UL CA.  It would be desirable to be able to minimize the impact due to the relative simplicity of the A1 class.  In fact, our initial assessment is that the factors described above largely do not impact class A1 combinations.  Due to the wide separation between high and low bands, the intermodulation products generated should land out-of-band for most cases and can be ignored.  Exceptions may exist, for example, between a band combination at 800 MHz and 2.6 GHz, there may be coexistence impact to 3.5 GHz bands.  Other exceptions may also be required if mid-bands combinations including a band at 1.5 GHz are re-categorized to class A1, but this has not been agreed so far in the discussions.  Thus, these cases with coexistence products at 3.5 GHz can be treated as exceptions.  In general, we propose that class A1 combinations be maintained for 2UL CA without specific modification.  Here, we assume that whenever there is any intermodulation product that falls into the receive band of one of the downlink component carriers, that the combination is categorized as A4.
Proposal 1:  Class A1 combinations can be maintained for 2UL CA without specific modification. Exceptions may be required for coexistence with 3.5 GHz bands.

 Impact to other classes

The impact to other classes is less clear.  In fact, the other classes even for single uplink require more careful consideration than the class A1 combinations.  This is evident in the fact that while there may be agreed upon methods for deriving reference sensitivity for the other classes (i.e., quadplexer insertion loss or refsens relaxation on bands with harmonic interference), each band combination is treated case-by-case.  In deciding on how to proceed with 2UL CA for the other classes, it is worth considering the impact to the UE design.  As alluded to above, in many cases, the choice may be to relax a requirement, either Tx or Rx, or to maintain a requirement with the assumption of a UE redesign.  
The following table illustrates possibilities for discussion of three UE architectures.  For notational convenience, we will refer to them as type 0, type 1, type 2, and type 3.  The table can be interpreted whether the UE can meet 1UL or 2UL specs, when operating in 1UL or 2UL configuration.
	
	1UL UE capability (type 0)
	2UL capable, type 1
	2UL capable, type 2
	2UL capable, type 3

	1UL Specs
	Yes
	Yes
	Relaxed 
IL
	Yes

	2UL Specs
	No
	Relaxed coex
	Yes
	Yes


Since UE capability signaling exists for UL CA, it is clear that there can exist UE's in the market that only support DL CA.  These type 0 UE's must conform to the specifications as defined in Rel-10 for 1UL/DL inter-band CA.  For the UE that signals support for UL CA, then there are two different types that can be envisioned.  The 2UL type 1 UE is one that is fully capable of meeting the 1UL specifications defined today.  But, for this UE, the specifications for 2UL may need to be relaxed, either in Tx or Rx, for the UE to be able to comply.  One can think of this UE as a 1UL-optimized-UE.  The 2UL type 2 UE is one that is fully capable of meeting 2UL specifications on emissions without the need, or with only minimal need for relaxation of coexistence requirements.  Such a UE might require additional filtering or high linearity components to meet these requirements, and therefore would not be able to meet the requirements for 1UL; for example, the insertion loss may be too high.  One can think of this type 2 UE as a 2UL-optimized-UE.

It is reasonable to assume that a type 1 UE can be a straightforward extension of the type 0 UE.  That is, the type 0 and type 1 UE's are the same in terms of hardware (i.e., same quadplexer, same linearity components, no additional filtering).  The type 2 is likely to require a new hardware design.  It is also possible that in some cases, it will be possible to build a type 3 UE that uses the same hardware design as type 1, but can meet both the requirements for 1UL and 2UL without the need for relaxation in the specifications.  However, it is not guaranteed that this is possible depending on the location and magnitude of the spurious products, for example.
It is our proposal that in defining the 2UL specification, we target the type 3 UE for feasibility.  If it is found that it is not feasible to support a type 3 UE for the particular band combination, then we fall back to type 1 and relax the specifications rather than type 2.  This seems natural in that the UE first operates on a single uplink component carrier.  The network then assigns the UE a secondary uplink component carrier as resources and needs dictate.  Therefore, it is likely that the UE spends the majority of its time in a single uplink configuration.  Therefore, it seems reasonable to tolerate relaxed performance from the UE in 2UL configuration rather than in 1UL configuration.
Thus, the overall approach is to define type 0 requirements (1UL/2DL), target type 3 requirements for 2UL, and fall back to type 1 requirements as needed.  Type 2 requirements are not considered.

Proposal 2:  For other combinations, first define requirements for 1UL/2DL CA.  Then, target requirements for 2UL in such a way that the 1UL requirements can be simultaneously met with the same UE architecture, but with two transmit chains.  In the event that such is not feasible, define the coexistence requirements to be relaxed for 2UL, but maintain the 1UL insertion loss requirements.

3. Conclusion
In this contribution, we present points for discussion regarding 2UL inter-band CA.  We propose the following for further discussion.
Proposal 1:  Class A1 combinations can be maintained for 2UL CA without specific modification. Exceptions may be required for coexistence with 3.5 GHz bands.

Proposal 2:  For other combinations, first define requirements for 1UL/2DL CA.  Then, target requirements for 2UL in such a way that the 1UL requirements can be simultaneously met with the same UE architecture, but with two transmit chains.  In the event that such is not feasible, define the coexistence requirements to be relaxed for 2UL, but maintain the 1UL insertion loss requirements.
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