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1.
Introduction
Intra-band non-contiguous carrier aggregation in band 4 for LTE was approved in RAN #56 [1]. 3 different channel bandwidths, e.g. 5, 10, and 15 MHz per CC and up to 2CC are supported in both DL and UL.
General guidelines for the UL configuration assumed for NC intra-band CA is discussed in [2]. In this contribution, we discuss the UL configuration assumed in band 4 with 2UL for UE receiver requirements.

2.
Rel 8 UL configurations in Band 4
When the UE receiver requirements (e.g., REFSENS) are specified, the UL configuration should also be specified [3]. One of the reasons is that, because of limited duplexer isolation, the transmitted signal may appear at the receiver and interfere with the received signal. How much such transmitter noise affects the receiver performance depends on the UL configuration. More specifically, given the transmit power and the duplexer isolation level, the amount of transmitter noise generally depends on the frequency distance between the closest UL and DL carriers, which is referred to as the minimum UL DL gap in the following. 

The Rel-8 UL configuration assumption is explained in [4]. The minimum UL DL gap 
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and the maximum UL transmission bandwidth 
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where 
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 is the duplexer distance and 
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 is the transmission bandwidth configuration, as illustrated in Figure 1. This implies that the maximum UL transmission bandwidth is (approximately) proportional to the minimum UL DL gap. The UL resource allocation is assumed to be located as close to the DL operating band as possible in Figure 1. In addition, Figure 1 illustrates the case where the resource allocation is limited by the transmitter noise, i.e., 
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Figure 1 Rel-8 UL configuration.
TX-RX separation in band 7 is 400MHz. Thus if we assume 5, 10 and 15MHz of UL carrier in band 4, then the minimum UL DL gap is 395.5, 391 and 386.5MHz respectively. 
3.
UL configuration for NC intra-band CA in band 4
In this section, we assume the scenarios where there are only two non-contiguous carriers within a frequency band for both UL and DL.
For NC intra-band CA, the minimum UL DL gap depends on the inter-carrier spacing as well as the duplexer distance (and the transmission bandwidth configuration) [2]. In detail, as shown in Figure 2, the minimum UL DL gap 
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where 
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 is the inter-carrier spacing, and 
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 are the transmission bandwidth configurations of PCC and SCC, respectively. As shown in Figure 2, the SCC is assumed to be configured closer to the DL operating band and the corresponding resource allocation is assumed to be located as far from the DL operating band as possible, as specified in the UL configurations for the contiguous CA [3]. Additionally, in Figure 2, full resource allocation is assumed for the PCC, while partial resource allocation is assumed for the SCC, i.e., 
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Figure 2 UL configuration for NC intra-band CA.
However, in general, the amount of transmitter noise is not determined by the minimum UL DL gap alone. Another factor may be the inter-carrier spacing, more accurately, the ratio of inter-carrier spacing to duplexer distance, since the intermodulation product of two UL carriers may desensitize the DL carrier (when the inter-carrier spacing is about half of the duplexer distance).

Figure 3 exemplifies the UL configuration assumed for two 10 MHz carriers in Band 7. Recalling that if the transmission bandwidth configuration of PCC is far below the maximum UL transmission bandwidth, it may be possible to allow for (at least, partial) resource allocation for the UL SCC without desensitization. So, this is true for 5MHz case PCC transmission bandwidth case. However for 10 MHz case as in the this figure, since the transmission bandwidth configuration of PCC (9 MHz) is almost the same as the maximum UL transmission bandwidth (10.62 MHz), the additional transmitter noise from the UL SCC may desensitize the receiver. However, large UL DL gap in band 4 (355MHz in worst case) may mitigate this issue. This remains to be investigated in future. Figure 3 categorizes three possible CA configurations, based on the inter-carrier spacing. It can be seen that a configuration with a large inter-carrier spacing (Figure 3b) may not result in any desensitization because of the intermodulation falling onto the DL PCC, since the inter-carrier spacing is much smaller than 400MHz (i.e. the duplexer distance). 
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Figure 3 UL configurations: 10MHz + 10 MHz in band 4; (a) small inter-carrier spacing, (b) medium inter-carrier spacing, (c) large inter-carrier spacing
Figure 4 exemplifies the UL configuration assumed for one 10 MHz carrier (PCC) and one 5 MHz carrier (SCC) in Band 4. Again, how much the transmitter noise desensitizes the receiver may not depend on the inter-carrier spacing in this case, since the duplex distance is quite large. 
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Figure 4 UL configurations: 10MHz + 5 MHz in band 4; (a) small inter-carrier spacing, (b) medium inter-carrier spacing, (c) large inter-carrier spacing
So, given the duplexer distance of a certain band, all possible CA configurations can be categorized based on the transmission bandwidth configuration and the inter-carrier spacing. The transmission bandwidth configuration determines how much transmitter noise each UL carrier generates, e.g., how much noise headroom the UL PCC keeps below the desensitization level. On the other hand, the inter-carrier spacing determines whether the intermodulation product of two UL carriers falls into the DL PCC.
4. 
Conclusion

In this contribution, we have briefly explained two different UL configurations for intra-band non-contiguous 2UL case in band 4. Due to large duplex gap in band 4, the desensitization due to UL SCC to DL PCC may not happen in this case, however, this remains to be investigated.
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