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1 Introduction
The LTE carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous (NC) intra-band CA [1]. In [2], the scenarios for LTE NC intra-band CA are discussed. In [3] and [4], the impact on UE receiver requirements is analyzed.

In RAN4 #62bis, we discussed the UL configuration assumptions for NC intra-band CA [5]. In this contribution, we elaborate on the UL configuration assumptions, in particular, the dependence of maximum UL transmission bandwidth on CA configuration such as transmission bandwidth configuration and inter-carrier spacing. We also provide some simulation results to see how much transmitter noise occurs in the receiver. 
2 Rel-8 UL configuration
When the UE receiver requirements (e.g., REFSENS) are specified, the UL configuration should also be specified [6]. 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 [7]. The minimum UL DL gap 
[image: image1.wmf]gap

f

 is given as


[image: image2.wmf]gapduplex

ffBW

=-

,                                                                            (1)
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.
Figure 2 exemplifies the UL configuration assumed for one 5 MHz carrier in Band 25. Note that the duplexer distance of Band 25 is 80 MHz and thus the minimum UL DL gap is 75.5 MHz. It follows from (1) that the maximum UL transmission bandwidth is 11.16 MHz, which is much larger than the transmission bandwidth configuration (4.5 MHz). In other words, full resource allocation is allowed (as also specified in [6]), implying that the transmitter noise does not desensitize the receiver. 
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Figure 2. UL configuration: 5 MHz in Band 25.
Figure 3 exemplifies the UL configuration assumed for one 10 MHz carrier in Band 25. The minimum UL DL gap is 71 MHz. From (1), the maximum UL transmission bandwidth (10.62 MHz) is slightly larger than the transmission bandwidth configuration (9 MHz). Although full resource allocation is still allowed (as also specified in [6]), the transmitter noise is no longer negligible (compared to the noise floor).
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Figure 3. UL configuration: 10 MHz in Band 25.
3 UL configuration for NC intra-band CA

In this section, we assume the scenarios where there are only two non-contiguous carriers within a frequency band. 

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) [5]. In detail, as shown in Figure 4, 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 4, 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 [6]. Additionally, in Figure 4, full resource allocation is assumed for the PCC, while partial resource allocation is assumed for the SCC, i.e., 
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Figure 4. 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).

Let us revisit the previous examples. Figure 5 exemplifies the UL configuration assumed for two 5 MHz carriers in Band 25. Recalling that 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. Whether the resulting transmitter noise desensitizes the receiver may depend on the inter-carrier spacing. Figure 5 categorizes all possible CA configurations, based on the inter-carrier spacing. It can be seen that a configuration with a medium inter-carrier spacing (Figure 5 (b)) may result in severe desensitization because of the intermodulation falling onto the DL PCC, since the inter-carrier spacing is around the half of the duplexer distance. It is unclear whether this desensitizes the receiver more than a configuration with a large inter-carrier spacing (Figure 5 (c)) where the UL SCC is located quite close to the DL PCC.
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Figure 5. UL configuration: 5 MHz + 5 MHz in Band 25.

(a) Small inter-carrier spacing, (b) Medium inter-carrier spacing, (c) Large inter-carrier spacing

Figure 6 exemplifies the UL configuration assumed for one 10 MHz carrier (PCC) and one 5 MHz carrier (SCC) in Band 25. 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. Again, how much the transmitter noise desensitizes the receiver may depend on the inter-carrier spacing. It is not clear which configuration in Figure 6 leads to the most serious desensitization. 
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Figure 6. UL configuration: 10 MHz + 5 MHz in Band 25.
(a) Small inter-carrier spacing, (b) Medium inter-carrier spacing, (c) Large inter-carrier spacing

To sum up, 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. We believe that the level of desensitization needs to be evaluated with extensive simulations in RAN4.
4 Simulation results

The dependence of transmitter noise on transmission bandwidth configuration and inter-carrier spacing is evaluated in this section. The single-PA single-antenna transmitter architecture with two UL carriers is assumed. Assuming the maximum transmit power (23 dBm), the transmitter noise on the frequency of DL PCC is evaluated. Here we assume two 5 MHz carriers in Band 25. As assumed in Section 3, UL SCC is assumed to be configured closer to the DL operating band, and full resource allocation is assumed for the UL PCC, while partial resource allocation is assumed for UL SCC (located as far from the DL operating band as possible), as specified in the UL configurations for the contiguous CA [6].
Table 1 shows the amount of transmitter noise for different inter-carrier spacing and different resource allocation. Assuming that the noise floor in Band 25 is -95 dBm (i.e., 1.5 dB above REFSENS), it turns out that, with medium inter-carrier spacing, the transmitter noise severely desensitizes the receiver, particularly, in the case of 40 MHz inter-carrier spacing. 
	
	25RBs + 5RBs
	25RBs + 10RBs
	25RBs + 25RBs

	30MHz
	-92.0dBm
	-89.3dBm
	-80.2dBm

	40MHz
	-62.6dBm
	-55.9dBm
	-47.4dBm

	50MHz
	-93.9dBm
	-89.8dBm
	-90.2dBm


Table 1. Transmitter noise: 5 MHz + 5 MHz in Band 25
The above simulation results imply that a CA configuration with medium inter-carrier spacing may lead to quite severe desensitization of the receiver. However, this does not imply that the UL support of NC intra-band CA is feasible at all. Firstly, only the the medium inter-carrier spacing is assumed. By considering different inter-carrier spacing, it may be possible to avoid desensitizing the receiver, particularly when the maximum transmission bandwidth is far below the transmission bandwidth configuration of PCC and the inter-carrier spacing is sufficiently small (Figure 5 (a)). Secondly, from the network operation point of view, simultaneous full-power transmission of both UL carriers seldom occurs, especially when the receiver operates around REFSENS. The power backoff from the maximum transmit power may help to reduce the transmitter noise significantly (hopefully, avoiding the desensitization). Therefore, we encourage RAN4 to discuss the UL configuration assumptions for NC intra-band CA and evaluate the transmitter noise with extensive simulations. 
5 Summary
In this contribution, we discussed the dependence of the maximum allowable transmission bandwidth on the CA configuration such as transmission bandwidth configuration and inter-carrier spacing. The simulation results show that, with medium inter-carrier spacing, the intermodulation product of two UL carriers desensitizes the receiver quite severely. We encourage RAN4 to thoroughly investigate the UL configuration assumptions for NC intra-band CA.
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