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1 Introduction
In this contribution we look at some of the necessary changes of the UE radio requirements for contiguous carrier aggregation. We start with a selection of receiver requirements.
2 Receiver requirements

We generally consider the case of two aggregated adjacent downlink CC, but the bandwidths of the components may be different. The uplink has one or two CC of the same bandwidth as the corresponding downlink CC. 
2.1 Reference sensitivity
One uplink CC implicitly introduces variable duplex, whereas two uplink CC(s) imply that the TX to RX separation will decrease. For DC-HSDPA the REFSENS requirement applies to each carrier independently. However, for the WCDMA 5 MHz carriers, the increase of transmitter noise is minor for most bands with one uplink carrier (the increase of reference sensitivity of 4 dB is due to a different reference measurement channel); the degradation is larger for DC-HSUPA with two uplink carriers, this is currently being specified. For LTE the bandwidth and the number of combinations are larger: aggregation of different bandwidths, e.g. 5 + 10 MHz for Band 12/Band 17, the uplink allocations may vary size and the problem of intermodulation between these and their IQ images is more complex if two uplink carriers is used with partial allocation in each CC. This is exacerbated by the allowed simultaneous transmission of PUSCH and PUCCH within the Rel-10 CC(s), which will create strong intermodulation products.
We recall that the REFSENS test is verifying the noise factor of the receiver, which involves filter and linearity performance of both the PA and the LNA. It is obviously not practical to test all possible use scenarios, so care has to be taken in selecting the test configuration for verification.  The performance is also be dependent on the choice of the transceiver architecture, one common 23 dBm PA or separate 20 dBm PA(s) for two uplink CC(s) for example: the requirement should apply for any of these architectures (the intermodulation products will be different).  
Consider aggregation of two adjacent CC in any operating band and assume only one UL CC associated with the anchor carrier; the light grey pair in Figure 1, the supplementary carrier is the dark grey. Assuming that the sensitivity applies to all CC(s), the REFSENS for the supplementary carrier may have to be increased to account for the smaller TX to RX separation. This could be captured as an allowed MSD for this 2 DL + 1 UL configuration with full uplink allocation, apply for all CC, and also when the supplementary CC is located on the other side of the anchor for simplicity of specification, similar to the DC-HSDPA case. If two carriers are used, add the dotted UL in Figure 1, the MSD will be even larger. 
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Figure 1: test configuration with full uplink allocation and with the Rel-8 duplex spacing indicated.
Capturing the sensitivity degradation (if any) as an allowed MSD for full uplink allocation is a simplification and avoids the cases where the uplink allocation is less than the maximum transmission configuration, see Figure 2. For most operating bands (duplex spacings) the MSD with full allocation would be the worst case, but for smaller duplex spacing, intermodulation between two uplink signals with partial allocation could possibly create strong products in the receive band that may exceed the spectral re-growth experienced under full allocation (requires further study). 
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Figure 2: test configuration with partial uplink allocation.
It may be decided that some UE(s) will only support one UL CC in a particular operating band, whereas another category of UE may support two; this makes the sensitivity specification more intricate. Comparing the two cases for the 20 MHz case, we take a look at the transmitter emissions from one and two 20 MHz fully allocated uplink signals as shown in Figure 3 and pick Band 3 as the operating band. Considering the case of one UL CC, the integration of the emission spectrum across an 18 MHz bandwidth centered 95 MHz from the uplink carrier frequency would essentially determine the MSD (transmitter noise dominating) for the anchor carrier. If the supplementary carrier is located closer to the transmit band at 75 MHz separation (at 85 MHz on the abscissa), then the MSD for the supplementary CC would increase 5-10 dB compared to the Rel-8 value assuming the same duplexer attenuation. For the case of two UL, the MSD would increase about 15 dB (the difference between the blue and the black curves). 
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Figure 3: emission from one and two uplink CC of 20 MHz bandwidth each.
Obviously, already the 2 DL CC + 1 UL CC contiguous aggregation gives rise to many use cases that could be tested. Another use case is aggregation of CC of different bandwidths: in Figure 1 we have indicated a supplementary DL CC of larger bandwidth (dotted lines) than the anchor carrier (grey). This has an even smaller TX to RX separation and a larger desensitization than in the previous case would be experienced. Suppose now that the bandwidth of this supplementary carrier is the largest considered for CA in a particular operating band. In view of verifying the noise factor, it may still be sufficient to perform the verification of this bandwidth under a 2 DL CC + 1 UL CC configuration using the same bandwidth (maximum for the band) of all CC(s); the MSD is expected to be larger in the latter case and will decide the requirements on e.g. filtering and linearity. 
For contiguous aggregation of up to two carriers, ways of verifying reference sensitivity (the noise factor) using the MSD metric with full allocations are to
· use 1 UL CC and specify a maximum MSD for the anchor and supplementary CC, would apply to all UE “CA categories”
· use 2 UL CC if supported by a UE: the MSD will then be larger. 
· the uplink and downlink CC(s) have the same (nominal) bandwidths 

The aim is to minimize the number of necessary test configurations. Other types of partial uplink allocations may be relevant: this requires further study. Anticipating the case of non-contiguous aggregation with two UL CC(s), intermodulation products will appear in the receive band also with full allocation. The proposal above for contiguous allocation may then not be sufficient to verify sufficient noise-factor performance. 
It is desirable to minimize the testing time, which means that there are some user scenarios not unlikely in the field that are not verified. For packet-based transmission with HARQ the relation between perceived network performance at the noise limit and the reference sensitivity value is not as obvious as in the circuit-switched case with its constant allocations in the uplink (still different for GSM that is half duplex). Big persistent uplink allocations will nevertheless create some desense for LTE as predicted by a large MSD value. If a large MSD value (degraded sensitivity) is not acceptable for aggregated carriers, application of MPR/A-MPR is a possible option at the expense of a reduced UL coverage.   
2.2 Adjacent channel selectivity 
ACS should be easier than REFSENS for contiguous aggregation: the performance is verified by allocating the interfering signal on either side of the block of CC(s), and the requirement applies on one side of each CC. This would also work for aggregation of different bandwidths. Anticipating non-contiguous allocation, the Rel-8 methodology could be reused if an interfering signal of the requisite bandwidth fits in between the CC. Reusing the requirements could be questioned if the ACS is verified with the two CC active simultaneously, the dual-carrier performance may be sufficient with requirements on the CC(s) that are different from their Rel-8 counterparts.  

2.3 Receiver blocking
Specifying blocking for aggregated scenarios is more complex than ACS. In terms of the requirements, the relation to the single-CC case is not obvious. Should the two aggregated carriers be seen as separate carriers or one total aggregated bandwidth? Take in-band blocking as an example, and aggregation of a 5 MHz and an adjacent 10 MHz CC (Figure 4). The Rel-8 requirement for each CC applies at wanted signal level of REFSENS + 6 dB. Viewing the CC as standalone, the CA blocking requirement would also apply at these wanted power levels. If the total aggregated bandwidth (15 MHz) is considered, on the other hand, the Rel-8 requirement applies at REFSENS + 7 dB and verifying the CA case at the same level would then imply a relaxation. In addition, if the total bandwidth is considered, then wanted signal levels must be specified for > 20 MHz. 
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Figure 4: aggregation of two CC of different bandwidths.
Anticipating non-contiguous aggregation, it appears more feasible to treat the carriers as standalone (worst-case dimensioning). However, from a requirements perspective, there are issues of overlapping regions of applicability of ACS and blocking requirements.

The above is just one issue: another is the number of exception that is required for the aggregated case if two UL CC(s) are used for example.
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