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1 Background
Five new WIs on LTE Advanced inter-band Carrier Aggregation with 2UL were established in RAN #59 according to below five inter-band CA classes: 
A1. Low-high band combination without harmonic relation between bands or intermodulation problem;

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

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

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

A5. Combinations not classified in A1-A4
This contribution discusses some general 2UL issues for all above 5 classes from UE aspects including reference structure and TX/RX requirement.
2 Discussion
Inter-band CA classification is an efficient way to study the common issue for each class. However, it should be noted that common issue and general requirements also need to be considered above all the CA classes. 
2.1 UE reference structure

In Rel-11, most of the inter-band CA WIs is for 1 UL. Each supported operating band has a separate TX channel. 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. 

A 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, and 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. Therefore, both ΔTIB and ΔRIB are still needed to be studied for 2UL.
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Figure 1 Reference architecture for Class A1

2.2 TX requirement for 2UL
The transmitter and receiver characteristics are specified at the antenna connector of the UE. From the reference architecture of class A1 shown in Figure 1, if 2UL CCs from different bands share a common antenna, some TX/RX requirements at the antenna, such as maximum output power, spurious emission and out of band blocking, would have some changes to adapt to this scenario.
Transmit power

For 2UL inter-band CA, UE maximum output power shall be measured over all the carriers from different bands because of SAR requirement. It should be clarified in the specification.
Configured transmitted power for 2UL has already been defined, the only remain requirement is the Pcmax tolerance with two active UL. Since the output power of the UE is now composed of power from two transmit signals each transmitting at lower output power, the output power tolerance of the UE may now be increased for some output power levels.
Output power dynamics
For 2UL inter-band CA, minimum output power/transmit off power/ON/OFF time mask can follow the same way as intra-band CA and be all applied for each component carrier with another carrier being the same status.
Transmit signal quality
2UL inter-band CA would not impact transmit signal quality requirement because each UL has its own transmitter.
Output RF spectrum emissions
Application range of emission
For 2UL inter-band CA, two carriers transmit through a common antenna simultaneously, which means the spurious emission application range should exclude in-band frequency range of both bands.
2UL intermodulation products
For transmitting two signals simultaneously, IM products caused by the two signals may fall into other receive bands which do not belong to the combination bands. In this case, the co-existence spurious emission may be affected.
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. 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.
Transmit intermodulation
2UL inter-band CA would not impact transmit intermodulation requirement because each UL has its own transmitter.
2.3 RX requirement for 2UL

Reference sensitivity

Reference sensitivity is defined to be met with both downlink carriers active and either one of the uplink carriers active for 1UL inter-band CA. For 2UL transmitting simultaneously, interference come from both the UL CCs in each band. The total TX residual noise in the downlink CC depend on the separation between downlink CC and each uplink CC, and the duplexer/diplexer rejection in the interfered band, it should be studied for each CA class or even each band combination.
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Figure 2 Uplink influence to REFSENS for 1UL and 2UL configuration
Uplink transmission also can cause IM2 interference near DC which impact reference sensitivity especially for small bandwidth. With uplink transmissions in two bands, the IM2 interference increase in the receiver. The total TX residual noise in the downlink CC depend on the separation between downlink CC and each uplink CC, and the duplexer/diplexer rejection, it should be studied for each CA class or even each band combination.
ACS/In band Blocking/Intermodulation
For ACS, in-band blocking, narrowband blocking, spurious response, and intermodulation requirements in 1UL inter-band CA, the single active uplink carrier is the opposite to the downlink carrier being tested, though both downlink carriers are active. For 2UL transmitting simultaneously, interference come from both the UL CCs in each band. The cross modulation product between receiver interference and TX leakage will increase. The cross modulation product in the downlink CC depends on each TX leakage level i.e., the duplexer/diplexer rejection in the interfering band; it should be studied for each CA class or even each band combination.
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Figure 3 Uplink influence to ACS for 1UL and 2UL configuration
Out-of-band Blocking

For out-of-band blocking, because the two bands share one antenna, if the out of band blocking interference for Band X fall into the DL frequency range of Band Y, the high blocker level will block the Band Y receiver and degrade the performance of DL CC in Band Y, as shown in figure 4. Therefore, out of band blocking application region for inter-band CA shall be modified to exclude both the DL bands.
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Figure 4 Out-of-band blocking for inter-band CA
3 Conclusion

This contribution kicks off an initial discussion on 2UL inter-band CA general issue. Further discussion is needed either for general or each CA class.
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