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1. Introduction

Relaxations to reference sensitivity have been introduced for inter-band CA, RIB, as well as non-contiguous intra-band CA, RIBNC.  However, recently CA combinations consisting of both inter-band and non-contiguous intra-band carriers have been defined without clarity on how the reference sensitivity relaxations should be applied.
2. Discussion  
One of the important aspects related to carrier aggregation is the appropriate relaxation that should be defined in order to enable implementation in the UE.  For example, for inter-band carrier aggregation, it is recognized that the UE front-end must generally carry additional components such as diplexers, quadplexers, or other multiplexers to simultaneously join multiple RF paths to a common antenna feed.  Because of the finite insertion loss introduced by these additional components, the noise figure of the receiver is increased resulting in a degradation to reference sensitivity.  The RIB term, found in Table 7.3.1-1A of 36.101 as one example, captures the relaxation allowed for this additional insertion loss subject to a “shared-pain” allocation between UE implementation and network link budgeting.  In many cases, the RIB is zero after the “shared-pain” allocation.  This RIB represents a passive loss that is always present regardless of whether the device is actually operating in a CA configuration or in a single carrier configuration since the additional front-end hardware is common for both.  In contrast, another type of relaxation that is also allowed by the specifications accounts for active noise sources that are only present in the case of carrier aggregation with one or more carriers transmitting and one or more carriers simultaneously receiving.  A well known example is the MSD that is defined for uplink harmonics or for closely spaced Tx-Rx carriers where the achievable isolation from Tx to Rx is insufficient to suppress Tx noise and Rx IP2.  This MSD is captured in the 36.101 specification as a reference sensitivity exception, with an example in Table 7.3.1A-0a, where the reference sensitivity is relaxed by the amount of the MSD when the exception is granted due to harmonic interference from the uplink.  Note that the MSD and therefore the reference sensitivity exception value also includes any RIB relaxation due to front-end component insertion loss; in other words, the RIB is built-in to the MSD.  A third type of reference sensitivity relaxation is allowed for non-contiguous intra-band carrier aggregation combinations where the spacing between uplink and downlink carriers may become very small.  In this case, depending on the spacing between Tx and Rx as represented by Wgap, the reference sensitivity is allowed to be amended by a RIBNC term as given in Table 7.3.1A-3.  For NC intra-band CA configurations, the RIBNC term does not include any RIB since there is no inter-band aggregation.
However, since the relaxations have been introduced starting in Rel-10, carrier aggregation scenarios have become increasingly more complex now including combinations of inter-band and intra-band carrier aggregation.  CA configurations including both non-contiguous intra-band CA and inter-band CA are now defined where the RIBNC and RIB relaxations should both apply.  In fact, the necessary relaxation is the sum of the inter-band RIB and NC intra-band RIBNC since these relaxations account for different sources of impairments both present in the hybrid configurations.

Thus, we propose the following change as implemented in [1]

For combinations of intra-band and inter-band carrier aggregation with up to five downlink carriers (up to two non-contiguously aggregated carriers per band and up to four contiguously aggregated carriers per band) and up to three uplink carriers (up to two contiguously aggregated carriers per band), the requirement is defined with an uplink configuration in accordance with Table 7.3.1A-3 when the uplink is active in a band supporting two non-contigous component carriers, Table 7.3.1A-1 when the uplink (up to two contiguously aggregated uplink carriers) is active in a band supporting two contiguous component carriers and in accordance with Table 7.3.1-2 when an uplink is active in a band supporting one carrier per band. The downlink PCC shall be configured closer to the uplink operating band than the downlink SCC(s) when the uplink is active in band(s) supporting contiguous aggregation of up to three component carriers. The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band when the uplink is active in band(s) supporting non-contiguous aggregation of up to two component carriers. For these uplink configurations, the UE shall meet the reference sensitivity requirements for intra-band non-contiguous carrier aggregation of two downlink carriers, the requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers and for any remaining component carrier(s) the requirements specified in subclause 7.3.1. For the two component carriers within the same band, RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) when the uplink is active in another band. For the downlink SCC of two non-contiguous component carriers within the same band, RIBNC in Table 7.3.1A-3 is increased by a value equal to RIB,c for that band in Table 7.3.1-1A, Table 7.3.1-1B, or Table 7.3.1-1C according to the aggregation with at least one other inter-band carrier when the uplink is active on the PCC within the band carrying the two non-contiguous component carriers. All downlink carriers shall be active throughout the tests and the requirements for the downlinks shall be met with all uplink carriers active in each band capable of UL operation. For contiguously aggregated component carriers configured in Band 46, the said requirements for intra-band contiguous carrier aggregation of downlink carriers are replaced by the requirements in Table 7.3.1A-0eA and Table 7.3.1A-0eB. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.
3. Conclusion
A modification to the specification is proposed to clarify the proper application of relaxations for combinations of inter-band and non-contiguous intra-band CA.
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