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1
Introduction

RRM requirements for carrier aggregations have been developed with the intention to be applicable to general intra-band and inter-band CA combinations to minimize the standard effort [1]. The impact of possible relaxation of reference sensitivity for CA combinations caused by insertion loss ΔRib,c was discussed in previous meetings, and corresponding CRs were agreed in RAN4#64 [2]. For a UE supporting CA combination/configurations with harmonic product, e.g., inter-band CA class A2, the receiver sensitivity can be further degraded by the impact of Maximum Sensitivity Degradation (MSD) in addition to the degradation caused by the insertion loss.  In this contribution, we discuss the impact of harmonic product (MSD) on the RRM Requirements.
2
Impact of MSD on RRM Requirements
The impact of reference sensitivity relaxation caused by insertion loss ΔRib,c on RRM requirements was addressed by adjusting the RSRP, SCH_RP, PRP and Io levels in the RRM requirements [2]: 
· The measurement side conditions of the RSRP and SCH_RP levels defined in Section 4 of “E-UTRAN RRC_IDLE state mobility” in TS 36.133, associated with each downlink band shall be increased by the amount ΔRIB,c defined for the corresponding downlink band. 

· The measurement side conditions of the RSRP, SCH_RP, and PRP levels defined in Section 8 of “UE Measurements Procedures in RRC_CONNECTED State” in TS 36.133, associated with each downlink band shall be increased by the amount ΔRIB,c defined for the corresponding downlink band. 

· The Io level defined in the tables in Section 9 for RSRP, RSRQ, RSTD, Tx-Rx timing difference measurement accuracy associated with each downlink band shall be increased by the amount ΔRIB,c defined for the corresponding downlink band.

For CA combination/configurations with harmonic product, the receiver sensitivity will be further degraded by the impact of the Maximum Sensitivity Degradation (MSD). Although both harmonic product and insertion loss will cause the degradation of the receiver sensitivity, there some basic differences between their impacts:

· Insertion loss exists regardless whether the UE is in idle state or connected state; but harmonic product  does not exist when the UE is in IDLE state;

· Insertion loss exists regardless whether the UE is working on the single carrier or CA mode with 1 or 2 UL; while MSD only exits when the UE is working on CA mode with the lower frequency band UL carrier being activated, which causes the harmonic product onto the DL reception on higher frequency band;
· In TS36.101, the sensitivity degradation caused by insertion loss ΔRib,c is explicitly defined to each band for each CA configurationin Table 7.3.1A-2. However, the sensitivity degradation caused by harmonic product or MSD is not explicitly defined. Instead, the Reference Receive Sensitivity for carrier aggregations with harmonic products will be redefined in Table 7.3.1A-0a under specified UL configuration defined in Table 7.3.1A-0b, as agreed in RAN4#64 [4]. 

· The sensitivity degradation caused by insertion loss, ΔRib,c, does not depend on the carrier bandwidth, but sensitivity degradation caused by harmonic product may be different for different carrier bandwidth [4,5].
· Unlike the receiver sensitivity degradation caused by insertion loss, which does not depend on the UL Tx power and UL configuration, the sensitivity degradation caused by harmonic product or MSD depends on the Tx power and UL resource configuration of the uplink carrier component that causes the MSD. In fact, the reference sensitivity values under the impact of harmonic product are defined under the condition that the transmitter in the lower frequency band is set to PUMAX, as noted in Table 7.3.1A-0a in [1], and when the uplink active in the lower-frequency operating band within a specified frequency range, as defined in Table 7.3.1A-0b in [1].

Based on above analysis, we come with the following proposals:

For a UE operating with a CA configuration with harmonic product, when the uplink carrier in the lower-frequency operating band is activated, the measurement side conditions of the RSRP, SCH_RP, and PRP levels in Section 8 of “UE Measurements Procedures in RRC_CONNECTED State” and the Io levels in tables in Section 9 for RSRP, RSRQ, RSTD, Tx-Rx timing difference measurement accuracy in TS 36.133, associated with the corresponding victim downlink carrier of the higher-frequency operating band may need to be increased. The amount of the increase under for a particular band in a CA configuration under the conditions of the UL Tx lower being set to PUMAX UL Tx and operating within a specified frequency range for the uplink lower-frequency operating band (Table 7.3.1A-0b in [1]) can be determined by the difference of reference sensitivity given by Table 7.3.1A-0a and Table 7.3.1-1 in TS 36.101.
3
Conclusion
In this paper, we further discussed the impact of MSD on RRM performance requirements for those CA combinations/configurations with harmonic product. It is proposed the impact be addressed by adjusting the RSRP, SCH_RP, PRP and Io levels in the RRM requirements in TS 36.133 by the amount of receive sensitivity degradation caused by the harmonic product as derived from TS 36.101 under the particular RF conditions.
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