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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 addition, an WID for NC intra-band CA for Band 25 was revised/approved in [2] and another WID was newly approved for Band 3 in [3]. 
In [4], we discussed how the ACS and blocking requirements should be defined inside the gap. Similar discussion was presented for NC 4C-HSDPA [5], [6], and it was agreed in RAN4 #62bis that all the carriers are required to meet the in-gap ACS and blocking requirements given by the legacy position/type of interfering signals simultaneously when the gap width is sufficiently large. This is consistent with one of the test scenarios proposed in [4], the so-called simultaneous test. In this contribution, we discuss the simultaneous test for the in-gap ACS and blocking requirements for NC intra-band CA. According to the above WIs, two non-contiguous component carriers are assumed throughout the contribution.

2 Simultaneous test for in-gap requirements
2.1 Minimum gap width

In the simultaneous test, two DL carriers with full resource allocation are tested simultaneously with respect to one interfering signal whose position/type follows the legacy ACS and blocking requirements. In order to avoid unnecessarily stringent requirements for an in-gap interfering signal, the in-gap interfering signal is assumed only when the gap width is sufficiently large [4]. More specifically, denoting the carrier bandwidth and the frequency offset between the wanted carrier and the interfering signal by 
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Note that the frequency offset is defined as a center-to-center frequency distance. This is illustrated in Figure 1.
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Figure 1. Simultaneous test for in-gap requirements (equal carrier bandwidth).
The frequency offsets for the ACS and blocker requirements are defined as follows [7]:
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where 
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 are the bandwidth of the interfering signal and the narrowband blocker offset (~ 0.2 MHz), respectively. Therefore, from (1) and (2), the minimum gap widths for the ACS and blocker requirements are given as follows:
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This implies that the minimum gap width for the in-gap ACS and blocker requirements is determined by the bandwidth of the interfering signal. It should be noted that the bandwidth of the interfering signal varies with the carrier bandwidth [7].
2.2 Simultaneous test for equal carrier bandwidths
In the case of equal carrier bandwidths, the same position/type of an interfering signal is defined for both carriers. For example, in the case of two 5 MHz carriers, the ACS requirements assume one 5 MHz interfering signal at a frequency offset of 5 MHz for both carriers. Therefore, as far as the gap width satisfies the condition in (1), the in-gap ACS and blocker requirements are never more stringent than the legacy ACS and blocker requirements.  
Figure 2 illustrates the simultaneous test for two 5 MHz carriers with 25 MHz gap. Note that both carriers (C1 and C2) are measured simultaneously for each 5 MHz interfering signal (except for the NBB requirements), as shown in the figure. From (3), it can be easily understood that the IBB (IBB1 and IBB2) requirements as well as the NBB requirements and the ACS requirements can be defined inside the gap without imposing unnecessarily stringent requirements. For example, the IBB1 requirements assume one 5 MHz interfering signal at a frequency offset of 10 MHz and 20 MHz from C1 and C2, respectively. The setting of such an interfering signal at the location complies with the legacy IBB1 requirements for C1. In addition, it certainly leads to less stringent requirements than the legacy IBB1 requirements for C2, since the legacy IBB1 requirements assumes an interfering signal at 10 MHz offset. 
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Figure 2. Simultaneous test for equal carrier bandwidths: 5 MHz + 5 MHz with 25 MHz gap
2.3 Simultaneous test for unequal carrier bandwidths
In the case of unequal carrier bandwidths, the position/type of an interfering signal is different between two carriers. For example, let us consider the in-gap ACS requirements of one 5 MHz carrier and one 3 MHz carrier. Note that, according to the legacy ACS requirements [7], the 5 MHz carrier is measured against one 5 MHz interfering signal at a frequency offset of 5 MHz, whereas the 3 MHz carrier is measured against one 3 MHz interfering signal at a frequency offset of 3 MHz. Therefore, when the legacy position/type of an interfering signal is taken with respect to one carrier, the interfering signal may stress the other carrier more or less stringently than in the legacy ACS and blocker requirements, even when the condition in (1) is met. 
Figure 3 illustrates the in-gap ACS requirements, when the simultaneous test is applied to one 5 MHz carrier and one 3 MHz carrier with 3 MHz gap (a) and 5 MHz gap (b). It can be found out that, for each gap width, the ACS requirements do not comply with the legacy ACS requirements. For example, for 3 MHz gap (Figure 3 (a)), the 5 MHz carrier, C1, is measured against one 3 MHz adjacent interfering signal (instead of one 5 MHz interfering signal). Similarly, for 5 MHz gap (Figure 3 (b)), the 3 MHz carrier, C2, is measured against one 5 MHz adjacent interfering signal (instead of one 3 MHz interfering signal). 
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Figure 3. Simultaneous test for unequal carrier bandwidths: 5 MHz + 3 MHz with 3 MHz gap (a) and 5 MHz gap (b).

Figure 4 illustrates the simultaneous test for one 5 MHz carrier (C1) and one 3 MHz carrier (C2) with 15 MHz gap. Again, both carriers are measured simultaneously for each interfering signal. As mentioned earlier, these two carriers generally assume different position and bandwidth of the interfering signal. Therefore, one interfering signal taken with respect to one carrier may not comply with the legacy ACS and blocker requirements for the other carrier. For example, the 3 MHz carrier, C2, is measured in the presence of one in-band blocker (IBB1) whose position and bandwidth are set with respect to one 5 MHz carrier, C1, in detail, one 5 MHz interfering signal at 10 MHz frequency offset. This does not comply with the legacy IBB1 requirements where one 3 MHz carrier is measured against one 3 MHz interfering signal at 6 MHz frequency offset [7]. Likewise, the 5 MHz carrier, C1, is measured in the presence of an in-band blocker (IBB2) whose position and bandwidth are set with respect to the 3 MHz carrier, C2. This may be more or less stringent than the legacy ACS and blocker requirements. 
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Figure 4. Simultaneous test for unequal carrier bandwidths: 5 MHz + 3 MHz with 15 MHz gap.
It is not clear whether these situations result in more stringent ACS and blocker requirements (thereby demanding some relaxation). This issue needs to be discussed in RAN4.
3 Summary

In this contribution, we discussed the simultaneous test for the in-gap ACS and blocking requirements for NC intra-band CA. It was pointed out that the simultaneous test with unequal carrier bandwidths may not comply with the legacy ACS and blocking requirements, which in turn may result in more stringent in-gap ACS and blocking requirements. We encourage the companies in RAN4 to investigate this issue.  
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