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1 Introduction
At the RAN4 #59-AH ad-hoc meeting definition of requirements for inter-band carrier aggregation (CA) classes with harmonic or intermodulation problems were discussed [1],[2]. In addition, harmonic and intermodulation (IM) analysis for UE were provided [3],[4] in the existing band combinations work items. In this contribution, we present further considerations on the proposed methods for handling inter-band CA with technical challenges such as harmonic and IM relation. 
2 Discussion
Reference sensitivity requirement should consider the harmonic/IM interference level for scenarios where the harmonic or IM falls into one of aggregated downlink bands. Additionally, the maximum output power (MOP) requirement may be affected if power back-off is allowed to reduce the harmonic/IM interference. Along with relaxation on requirements, it may be necessary to consider the avoidance of the harmonic/IM interference in order to reduce its impact on the system performance and to define meaningful specifications.
2.1 REFSENS and Maximum Output Power Requirements
The harmonic/IM interference level needs to be assessed to define appropriate REFSENS and MOP requirements. Reference [1] proposed a methodology to evaluate the harmonic interference by establishing the order of the harmonic, agreeing on the value for harmonic performance per order -- a fixed value per order in dBc and independent of the operating band -- and assessing the band combination specific filter performance and additional losses. The REFSENS and MOP requirements are then adjusted based on the assessed interference level. However, this approach is challenging in terms of defining one adjusted REFSENS value or one REFSENS relaxation value per channel bandwidth in each operating band, since the interference level depends on the ratio of downlink RBs affected by the interference to uplink harmonic/IM distortion bandwidth in RBs, which is specific to band combination and channel arrangement in a particular operating band. 

One possible approach is to specify the maximum allowed harmonic/IM distortion and the allowed additional maximum power reduction (A-MPR) for the UE in each band combination with harmonic/IM relation. Thus, the maximum output power 
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 with A-MPR and the total harmonic/IM interference rejection capability (including the harmonic/IM performance of all components in transceiver) must be able to satisfy the following condition:
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Then, the maximum allowed harmonic/IM interference level on the downlink specific to channel arrangement can be computed before the reference sensitivity test of a particular channel bandwidth in a particular operating band as follows:
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where 
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 is the bandwidth of the uplink harmonic /IM distortion in number of RBs, and 
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 is the number of downlink RBs affected by the harmonic/IM interference. The corresponding reference sensitivity degradation due to the above harmonic/IM interference on DL is applied to determine the relaxation on REFSENS requirements. Whether UE uplink transmission complies with the maximum allowed harmonic/IM distortion or not can be implicitly tested via the reference sensitivity test. The maximum allowed harmonic/IM distortion level would be similar or slightly lower (with A-MPR) than spurious emission requirement -30dBm/MHz.
It is expected that harmonic/IM interference can degrade a cell-edge user throughput significantly as the cell-edge UE transmits close to the maximum transmit power while receiving weak downlink signals. For example, if the downlink received signal level on Band 4 is around -70dBm with the PSD of -98 dBm/15 kHz and the Band 17 uplink transmit power is 23dBm with a 1RB (180 kHz) , the corresponding 3rd order harmonic response is 7.4dBm/15kHz – 3rd order harmonic suppression capability (in dBc). If the total 3rd order harmonic suppression capability is around 80dBc, the harmonic interference level is -57dBm, equivalently -72.6dBm/15kHz. Thus, demodulation of the approximately 3 DL RBs affected by harmonic interference is not feasible due to the significant harmonic interference.
An alternative to consider is mechanisms that can help to avoid or reduce the harmonic/IM interference level thereby minimizing the impact on downlink throughput performance. Such mechanisms can take into account the actual self-interference level experienced by a UE to efficiently configure CA component carriers and schedule radio resources.
2.2 Harmonic/IM Interference Avoidance
As pointed by [2], the harmonic/IM interference can be avoided by scheduling coordination between aggressor uplink resources and victim downlink resources in the frequency domain. The eNodeB scheduler can allocate radio resources of potential aggressor carriers to the UE in a manner to protect UE’s reception of critical downlink signals transmitted on the potential victim carrier such as synchronization signals (PSS/SSS), PBCH (MIB), and potentially PDSCH carrying SIBs and paging messages. 

Consider Band 4 (victim) and Band 17 (aggressor) aggregation as an example. For a serving cell configured as the PCell (e.g., Band 4), the UE must be able to reliably decode MIB and SIBs. The UE is not expected to decode MIB and SIBs directly from the SCell with the system information provided via dedicated RRC signalling. However, even when the carrier on Band 4 is configured as the SCell, the UE must be capable of continuously monitoring neighbor cells on the Band 4 carrier and complete handover or SCell-to-PCell changes where the new PCell is on the Band 4 carrier. This would necessitate a certain minimum detection performance of synchronization signals on the Band 4 carrier. PBCH and PSS/SSS are transmitted on the center 6 PRBs of the transmission band with periodicity of 10ms and 5ms, respectively. In addition, SIBs and paging messages are transmitted on the part of transmission bandwidth with periodicities of multiple of transmission time interval (TTI). Therefore, by protecting DL reception over a portion of the bandwidth in selected subframes on victim Band 4 carriers, can provide flexibility in configuring Band 4 carriers as PCells.
On the other hand, band/channel combination specific scheduling restrictions at eNB schedulers to avoid the harmonic/IM interference can cause extra burden to network equipment vendors due to the increased complexity, and potentially limit the flexible and effective use of radio resources. In addition, for some band combinations, the potential desense region may be the entire receive band of one carrier due to aggregation of two wideband LTE channels. 
If the harmonic/IM interference level is much higher than the received signal power, then the schedulable downlink resource blocks on the victim cell will be very limited. That is, it may be better not to activate or schedule on both the victim cell and aggressor cell simultaneously. Therefore, scheduling decision or component carrier management based on the actual self-interference level in a UE may be beneficial for efficient use of radio resources.
3 Conclusions

In this paper, we discussed how to define REFSENS and MOP requirements for inter-band CA with harmonic or IM relation. The maximum allowed harmonic/IM distortion level similar to spurious emission requirement -30dBm/MHz and A-MPR for reduction of harmonic/IM interference can be specified and implicitly verified with the reference sensitivity test. It was also noted that simultaneous transmission and reception on aggressor and victim carriers of harmonic/IM relation may not be feasible for UEs operating with low victim received power and high aggressor transmit power. Scheduling decision or component carrier management based on the assessed interference level may allow efficient use of the radio resource and avoid unnecessary UE power consumption due to scheduling or activation of less usable component carrier. 
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