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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, additional WIDs for NC intra-band CA were approved for Band 25 [2], Band 4 [3] and Band 3 [4]. 
In [5] and [6], we discussed how to define ACS and blocking requirements inside the gap for NC 4C-HSDPA. 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. In [7], we discussed the same principle for ACS and blocking requirements fro LTE NC intra-band CA. 

In this contribution, we propose how to define the in-gap ACS and blocking rquirements, in particular, when two carriers have unequal bandwidths. We constrain ourselves to the CA configuration assumed in [2]-[4], i.e., two NC carriers of 5 MHz, 10 MHz, 15 MHz or 20 MHz.
2 Conditions on gap width
In a simultaneous test, two NC carriers with full resource allocation are tested simultaneously with respect to one interfering signal. In order to avoid unnecessarily stringent requirements, the in-gap interfering signal is assumed only when the gap width is sufficiently large, more specifically, large enough to gurantee a minimum of the Rel-8 frequency offset from both carriers [5]. 

Let us consider two NC carriers, C1 and C2, with the carrier bandwidth  
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 in Figure 1. Let us denote the Rel-8 frequency offsets of an interfering signal from C1 and C2 by 
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, respectively. In order to avoid unnecessarily stringent requirements, an in-gap interfering signal should be assumed only when the frequency offset from C1 is at least 
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 and the frequency offset from C2 is at least 
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. This is equivalent to having the gap width 
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According to [8], the Rel-8 ACS requirements define the frequency offset as
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the Rel-8 in-band blocking (IBB) Case 1 requirements define the frequency offset as
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and the Rel-8 in-band blocking (IBB) Case 2 requirements define the frequency offset as
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For example, for the Rel-8 ACS requirements, if 
[image: image15.wmf]1

10

BW

=

 (MHz) and 
[image: image16.wmf]2

5

BW

=

 (MHz), then the bandwidth of interfering signal is set to 
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 (MHz), regardless of which carrier the frequency offset is taken with respect to. From (2), the frequency offsets are given as 
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By substituting (2)-(4) to (1), it follows that the in-gap ACS requirements are defined only when 
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the in-gap IBB Case 1 requirements are defined only when
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the in-gap IBB Case 2 requirements are defined only when
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Figure 1. Simultaneous test for in-gap ACS and blocing requirements.
To sum up, we propose to reuse the simultaneous test agreed in NC 4C-HSDPA and define the in-gap ACS and blocking requirements only when the gap width is sufficiently large.
· Proposal 1: Two NC carriers are tested simultaneously with respect to one interfering signal inside the gap. 
· Proposal 2: The in-gap ACS and blocking requirements are defined only when the gap width is large enough to gurantee a minimum of Rel-8 frequency offset from two NC carriers. 

3 In-gap ACS Requirements
3.1 ACS Case 1
The Rel-8 ACS Case 1 requirements set the powers of the wanted carrier and the interfering signal based on the bandwidth of the wanted carrier, as illustrated in Figure 2. For example, in Band 25, if the wanted carrier is 5 MHz, the powers of the wanted carrier and the interfering signal are set to -82.5 dBm (REFSENS + 14 dB) and -51 dBm (REFSENS + 45.5 dB), respectively. The required selectivity level is -51 –  (-82.5) = 31.5 dB.
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Figure 2. Rel-8 ACS requirements (Band 25).
Therefore, in the case of two NC carriers with unequal bandwidth, the question is which carrier we set the powers of the wanted carrier and the interfering signal with respect to. For example, let us consider one 10 MHz carrier and one 5 MHz carrier. If an interfering signal is taken with respect to the 10 MHz carrier, the powers of the wanted carrier and the interfering signal are set to -79.5 dBm and -48 dBm, respectively (as depicted in Figure 2). On the other hand, if an interfering signal is taken with respect to the 5 MHz carrier, the powers of the wanted carrier and the interfering signal are set to -82.5 dBm and -51 dBm, respectively. 
Here we propose a principle on how to set the power of the wanted signal and the interfering signal. The objective is to avoid unnecessarily stringent requirements, in this case, to avoid demanding higher selectivity level than in Rel-8. 
· Proposal 3: The in-gap ACS requirements define the same power level of interfering signal as in Rel-8. If two carriers require different power levels of interfering signal in Rel-8, the larger power level should be chosen as the power of interfering signal. 

· Proposal 4: The in-gap ACS requirements define the same selectivity level as in Rel-8. The power of wanted carrier should be adjusted in order to maintain the Rel-8 selectivity level. 

Figure 3 shows the examples of how to apply these proposals. In Rel-8, the power level of interfering signal is set to -48 dBm for the 10 MHz carrier and -51 dBm for the 5 MHz carrier (as shown in Figure 2). According to Proposal 3, the power level of an in-gap interfering signal should be set to -48 dBm. The Rel-8 selectivity level is 31.5 dB for both carrier bandwidths. In order to maintain the selectivity level of 31.5 dB, the power of the 5 MHz carrier should be set to -48 – 31.5 = -79.5 dBm, which is 3 dB higher than the Rel-8 power level (-82.5 dBm). 

3.2 ACS Case 2

The Rel-8 ACS Case 2 requirements set the powers of the interfering signal to -25 dBm, regardless of the carrier bandwidth. Thus we do not see any problem reusing the Rel-8 ACS Case 2 requirements, as long as the carrier bandwidth is 5 MHz, 10 MHz, 15 MHz or 20 MHz. Since the power of interfering signal is
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Figure 2. In-gap ACS requirements (Band 25).

set to the Rel-8 power level, the selectivity level can be kept at the Rel-8 selectivity level without having to adjust the power of wanted carrier. 

4 In-gap IBB Requirements

The Rel-8 IBB requirements set the powers of the interfering signal to -56 dBm (Case 1) or -44 dBm (Case 2), regardless of the carrier bandwidth. Thus we do not see any problem reusing the Rel-8 IBB requirements, as long as the carrier bandwidth is 5 MHz, 10 MHz, 15 MHz or 20 MHz. Since the power of interfering signal is set to the Rel-8 power level, the selectivity level can be kept at the Rel-8 selectivity level without having to adjust the power of wanted carrier.
· Proposal 5: The in-gap IBB requirements define the same power levels of wanted carrier and interfering signal as in Rel-8. 

5 Summary

In this contribution, we discussed the ACS and blocking rquirements inside sub-block gap, in particular, when two carriers have unequal bandwidths. Assuming the sub-block bandwidth of 5 MHz, 10 MHz, 15 MHz or 20 MHz, we propose how to define the in-gap ACS and blocking requirements as follows:

· Proposal 1: Two NC carriers are tested simultaneously with respect to one interfering signal inside the gap. 
· Proposal 2: The in-gap ACS and blocking requirements are defined only when the gap width is large enough to gurantee a minimum of Rel-8 frequency offset from two NC carriers. 

· Proposal 3: The in-gap ACS requirements define the same power level of interfering signal as in Rel-8. If two carriers require different power levels of interfering signal in Rel-8, the larger power level should be chosen as the power of interfering signal. 

· Proposal 4: The in-gap ACS requirements define the same selectivity level as in Rel-8. The power of wanted carrier should be adjusted in order to maintain the Rel-8 selectivity level.
· Proposal 5: The in-gap IBB requirements define the same power levels of wanted carrier and interfering signal as in Rel-8. 
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