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1.
Introduction
The LTE carrier aggregation (CA) enhancement WI was approved to specify the carrier aggregation configuration specific RF requirements for band 7 intra-band non-contiguous CA [1]. 

General guidelines for the UL configuration assumed for NC intra-band CA is discussed in [2]. 
In WID [1], a number of different DL bandwidth configurations are mentioned, assuming one component carrier per sub-block and 1 UL CC:

· 10MHz + 10 MHz

· 20 MHz + 20 MHz

· 5 MHz + 15 MHz

· 10 MHz + 15 MHz

· 15 MHz + 15 MHz

· 15 MHz + 20 MHz
In this contribution, we discuss the UL configuration assumed in band 7 for UE receiver requirements. In the WI [1], only 1 UL CC is mentioned, thus, we concentrate on 1UL case in this contribution.
2.
Scenarios

We assume only 2 sub-blocks in a frequency band. In addition, it is worth clarifying the following definitions.

· Symmetry: A scenario is called symmetric, if the 1st sub-block is of the same bandwidth as the 2nd sub-block.  On the other hand, it is called asymmetric, if the 1st sub-block is not of the same bandwidth as the 2nd sub-block.

· Receiver type: A receiver type with a RF local oscillator (LO) per sub-block is called a dual receiver. On the other hand, a receiver type with a single RF LO is called a single receiver. 

Here, a sub-block is one contiguous allocated block of spectrum for use by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth.
In addition the following factors should be noted for scenario discussions:

· Sub-block gap bandwidth: Sub-block gap is a frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation. In principle, the sub-block gap bandwidth is unconstrained except that it is upper-bounded by the frequency band (since the sub-blocks are within the same frequency band). 

· Inter-carrier spacing: An inter-carrier spacing of an integer multiple of 300 kHz facilitates the use of single FFT operation, when the frequency range processed simultaneously is relatively narrow, e.g., the sub-block gap bandwidth is negligible to the whole frequency range.   

We use the following notations for the clarity of the presentations:

· An uppercase letter refers to the sub-block bandwidth. Different letters are used for different bandwidths (e.g., ‘C’ and ‘D’). 

· A lowercase letter ‘x’ refers to the sub-block gap bandwidth smaller than or equal to TBD. A lower case letter ‘y’ refers to the sub-block gap bandwidth larger than TBD.   

Based on these notations, the scenarios under consideration can be summarized as shown in Table 1. 

	Symmetry
	Sub-block gap bandwidth
	Scenarios
	Example (MHz)

	Symmetric
	≤ TBD
	CxC
	10-20-10
15-20-15

20-20-20

	
	> TBD
	CyC
	10-50-10

15-40-15

20-30-20

	Asymmetric
	≤ TBD
	CxD
	5-20-15
10-20-15

15-20-20

	
	> TBD
	CyD
	10-40-15

5-50-15


Table 1 Example scenarios for LTE NC intra-band CA in band 7 DL
For the scenarios listed in Table 1, we analyze the impact of NC intra-band CA on the UE receiver performance. Noting that the UE receiver performance is highly dependent on the receiver architecture, it makes sense to assume a certain receiver type in defining the UE receiver requirements. As in NC 4C-HSDPA [4], it is suggested that two receiver types, i.e., a dual receiver and a single receiver, should be considered in RAN4 for this WI. A dual receiver is equipped with two RF LOs. The center frequency of each RF LO is set to the center of a sub-block. Thus dual receiver down-converts each sub-block to baseband separately. In other words, only a contiguous frequency range is down-converted by a single LO. This helps to mitigate the image problem [5]. One example of a dual receiver is a receiver where a homodyne receiver is dedicated to each sub-block. On the other hand, a single receiver is equipped with a single RF LO. The center frequency of RF LO is set to the center of the whole frequency range spanning all the desired CCs. For example, in the case of ‘5-25-5’, the center frequency of RF LO is set to the center of the 25 MHz gap. In the case of ‘5-20-15’, the center frequency of RF LO is set to the 75-th percentile of the 20 MHz gap (instead of the center of the gap). Thus single receiver down-converts two non-contiguous sub-blocks to IF simultaneously. One example of a single receiver is a single wideband homodyne receiver that processes the down-converted frequency range (including two sub-blocks at IF) as a single carrier signal. Another example is a heterodyne receiver where an IF receiver is dedicated to each sub-block. These two receiver types are illustrated in Figure 1 and Figure 2. 
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Figure 1 Dual receiver
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Figure 2 Single receiver
3.
UL configuration for NC intra-band CA in band 7
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. As specified in the WI [1], 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) [2]. In detail, 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. Figure 3 shows the UL configurations due to different inter-carrier spacing in DL CA. In this case, the SCC is allocated at the right hand side of the DL band. Here, regardless of inter-carrier spacing, the UL DL gap is fixed, since there is only one UL carrier in band 7 UL. However, as seen in Figure 4, when the PCC is e.g. 15MHz and SCC is allocated on the left hand side of the DL band, then the TX-to-RX distance is much reduced, thus, there may be substantial desensitization from UE transmitting in UL to DL SCC.  

Minimum TX-RX separation in band 7 is 120MHz [3]. Thus if we assume 5, 10, 15 and 20MHz of UL carrier in band 7, then the minimum UL DL gap is 115.5, 111, 106.5 and 102 MHz respectively.   
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Figure 3 UL configurations with 10MHz UL in band 7 with 10+15MHz DL CA and PCC is 10MHz; (a) small inter-carrier spacing, (b) medium inter-carrier spacing, (c) large inter-carrier spacing
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Figure 4 UL configurations with 15MHz UL in band 7 with 10+15MHz DL CA and PCC is 15MHz; (a) small inter-carrier spacing, (b) medium inter-carrier spacing, (c) large inter-carrier spacing

It can be seen that a configuration with a medium or large inter-carrier spacing (Figure 4b or Figure 4c) may result in severe desensitization due to UL falling onto the DL SCC, since the UL DL separation is quite comparable to 120MHz (i.e. the duplexer distance). However, this scenario is much better compared to corresponding situation in band 25.
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. 
4.
Issues related to UE receiver performance

4.1
Frequency conversion
There may be a need to have multiple LOs to support the non-contiguous intra band CA in band 7.  Having two LOs in one die can result in coupling between them and cause significant levels of LO leakage. The IMD (Inter Modulation Distortion) components from each LO can coincide with a strong interferer at IMD frequencies, so the receiver may end up down converting the interfering signals as well as CCs. This kind of unwanted frequency conversion due to LO coupling can potentially become more detrimental in case wide sub-block gap bandwidth, since the frequency conversion may occur to UL CC frequencies in some cases.  
4.2
Image rejection

The image comes from the frequencies that are symmetric to the desired signal frequencies around the LO signal. A conventional UE receiver may not be able to perform image rejection if the interferer at the image frequency is significantly stronger (e.g. 33dB higher compared to CC). This problem becomes more significant in asymmetric DL CA case compared to symmetric case. Also, this problem is seen more in single receiver case. 
4.3
Channel selectivity

For CCs in DL, the existing requirements on filter bank in the legacy UEs can be used for dual receiver. The in-gap interference can be taken care of accordingly. However, if we have a single receiver, then we may experience unnecessary power consumption and circuit saturation. Moreover, presence of UL CC closer to receive band may also require higher channel selectivity when compared to legacy single carrier case.
4.4
Inter-carrier spacing

The inter-carrier spacing in NC CA could vary and different inter-carrier spacing may mean that a DL SCC can be separated by duplex gap only in some cases. As discussed in [6], the adjustment of inter-carrier spacing is not so straightforward for NC CA case. Strong in-gap interferers may affect the UE core requirements related to adjacent channel selectivity substantially if large inter-carrier spacing is used with single receiver at UE. 
5. 
Conclusion

We have discussed the potential scenarios for NC CA in band 7 in this contribution. We have described the UL configurations due to different inter-carrier spacing in DL. We have briefly touched on different issues related to UE receiver design, e.g. frequency conversion, image rejection, channel selectivity, inter-carrier spacing, etc. The impacts of these issues to UE receiver largely depends on receiver implementation. Which ones of these issues are the most detrimental to UE receiver performance requires further investigations.
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