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1 Background
New Work Item proposal on LTE Advanced inter-band Carrier Aggregation with 2UL CC (Class A1)
was discussed in RAN #58, and it was proposed to postpone the WI to RAN#59. Some issues for CA with 2UL (Class A1) were identified in offline email discussion among interested companies. This contribution summarizes and discusses these issues and a proposal on how to treat the class A1 CA is provided to facilitate the establishment of the WI in next RAN plenary.
2 Discussion
Inter-band CA was introduced in Rel-10. Over 20 inter-band CA WIs were established in Rel-11. Facing such a lot of band combinations, CA classification is an efficient way to study the common issue for these combinations. As agreed in [3], the group will continue 2UL work in Rel-12 under 5 WIs with each WI for one CA classification. CA classes give us a whole picture of all the band combinations. Each class may have some specific issues. However, it should be noted that common issue and general requirements need to be considered above all the CA classes. 
General 2UL requirements
Looking at the current specification, we can find that most CA requirements are introduced only for intra-band CA. With supporting 2 UL for inter-band CA, it is expected that all the requirements need to be revisited and some additional inter-band CA requirements are needed. To treat the feature systematically, it is proposed to capture the common issues and general requirements for inter-band CA 2UL in one WI and we propose to use CA class A1 WI because it is the first 2UL WI and include many the operator scenarios.
Compared to 1UL, the main concern on inter-band CA supporting 2 UL focuses on UE CA classification, co-existence spurious emission issue brought by intermodulation between 2UL and UE reference structure. 
CA classification
The classes of combinations are defined using frequency separation between operating bands as a coarse basis, and with subclasses based on technical challenge [1]:

-
Harmonic products of the low band falling into RX frequency range of the high band;

-
Intermodulation products between two bands falling into RX frequency range of either band.

The following CA classes are defined:

Class A1. Low-high band combination without harmonic relation between bands

Class A2. Low-high band combination with harmonic relation between bands

Class A3. Low-low or high-high band combination without intermodulation problem (low order IM)

Class A4. Low-low or high-high band combination with intermodulation problem (low order IM)

Class A5. Combination except for A1 – A4 (like mid band combinations)

From the time when the CA classes were defined, it did not differentiate the classification for 1UL or 2UL. The understanding for the classification due to the harmonic or intermodulation is that the products only fall into the constituent combination bands and cause the self reference sensitivity degradation. Based on this principle, one issue overlooked in this classification is the 2nd-order IM problem for 2UL [2]. 
For example, CA band combination Band 3 + Band 5 belongs to Class A1 for 1UL. For 2UL case, the 2nd order IM product (fH-fL) falls into the receiver frequency range of Band 5 and the IM product only affects the combination bands. But this kind of IM problem is not considered in current classification. So the combination of Band 3 + Band 5 is still considered as A1 for 2UL [3]. 
To solve this problem, a proposal was provided in [4]. A1 and A4 were proposed to be changed as:
A1. Low-high band combination without harmonic relation between bands or intermodulation problem
A4. Low-low, low-high or high-high band combination with intermodulation problem (low order IM)
The modification above can solve the classification incompletion problem. But as we know, the IL for different CA classes could be different since the implementation capabilities of filters are different for low-high and low-low or high-high combinations. Mixing up low-high with low-low or high-high combination may violate the general consideration to treat the IL of one class in a same way. Therefore, to modify class A1 and A2 could be another choice. Alternative changes to the CA classes are:
A1. Low-high band combination without harmonic relation between bands or intermodulation problem
A2. Low-high band combination with harmonic relation between bands or intermodulation problem
Spurious emission issue
Another issue identified recently for 2UL is the co-existence spurious emission caused by IM products fallen into other receive bands which are not belonging to the combination bands. There are some possible options to treat the spurious emission issue with current CA classes. 
Option 1: Take the spurious emission problem into consideration and revise the CA classes accordingly for 2UL.
Option 2: Keep current CA classes and consider the spurious emission as a general issue for all CA classes. 

Sub-categorization may be needed for option 1. With option1, the CA classes could be different for a CA combination in the cases of 1UL and 2UL. It may be difficult to consider IM caused spurious emission problems and UE to UE protection in the classes with regard to specific protected bands, since the exercise needs to be revisited when a new operating band is added. Actually, the spurious emission issue is general for all CA classes. Therefore, option 2 is better to facilitate the study of inter-band CA with 2 UL.
Note that the IM products may come from different sources. One source is the diplexer or switch supporting multiple bands, and intermodulation products can be generated due to non-linearity of these devices [5]. Another source is the PA due to limited duplexer and diplexer isolation between the bands [6]. Initial analysis and measurement show that the spurious emission problem is not a problem when the IM product does not hit on top of the constituent downlink bands. However, the UE to UE co-existence issue caused by IM can be further studied in CA class A1 WI. It may also need to be checked band combination by band combination.
Whether the existing UE-to-UE coexistence emission limit, i.e. -50dBm/MHz, should be revisited can be further discussed with views from operators, UE vendors and regulators. This discussion can be carried out considering other measures to meet this requirement such as power reduction. 
UE reference structure

In Rel-11, most of the inter-band CA WIs are for 1 UL. Each supported operating band has a separate TX channel. And the UE with reference structure which supports 1UL can be configured in either of the bands, which means the structure can also automatically support 2UL transmission at the same time. 
The meaning of study UE reference structure is how to consider the insertion loss of the additional diplexer, quadplexer and filters in UE core requirements. For inter-band CA 2UL, if the reference structure keeps unchanged compared to1UL, then the method how to treat insertion loss in output power and reference sensitivity should also be the same as that for 1UL. However, due to some interference brought by IMD between 2UL, the insertion loss value may be different from that for 1UL, if some additional filtering is used to mitigate such interference.
3 Conclusion

Based on the discussion above, it is proposed to agree the proposals below as a way forward to start the WI of Class A1 inter-band CA with 2UL in next RAN plenary.
1) Consider the general inter-band CA requirements and common issues in Class A1 WI.

2) Current inter-band CA classes with modification taking consideration of 2nd IM problem can be reused for 2UL.
3) The spurious emission issue is general for all CA classes in the case where the IM products fall into the receiver bands which are not the constituent bands of the CA combination.
4) Current UE reference structure should be reused as a baseline for 2UL and treat the IL in the same way as that for 1UL.
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