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1 Introduction

In previous meetings non contiguous carrier aggregation for HSDPA was discussed. In particular some contributions [1-3] were presented mainly focusing on how to handle high interference level in the gap(s). It was already pointed out that the presence of an interferer in the gap may degrade the performance. Hence, it was argued that a UE supporting some of the configurations with single receiver may be able to support the non contiguous carrier aggregation feature only when the level of the interferer is reduced compared to the legacy ACS case 2.
This contribution provides the analysis of the impact of the interferer in the gap when a single and dual receiver architecture is considered. 

2 Discussion

In the rest of the paper we will use the following notation

· ‘C’ corresponds to a scheduled/activated carrier

· ‘x’ corresponds to a 5MHz gap 

· ‘x...x’ corresponds to a scenario with several consecutive gaps (more than two 5Mhz gap).

· A symmetric scenario is a scenario where in each block there is an even number of activated carriers (e.g.  CxC, CCxCC or CCx...xCC etc ..)

· An asymmetric scenario corresponds to a scenario where in each block there is an odd number of activated carriers (e.g. CxCC, CxCCC etc..)

· A UE is said to be a yMHz (10, 15, 20MHz) bandwidth capable when it is able to receive yMHz contiguously (2, 3 or 4 contiguously aggregated carrier).

· The total RF bandwidth of the non-contiguous scenario is the distance between the max received frequency and the min received frequency, e.g. CxxC has a total RF bandwidth equal to 20MHz, and CxxxxxC has a total RF bandwidth of 35MHz .

2.1 ACS test in gap

The ACS test is instead sensitive to the architecture considered. We consider the single receiver architecture and we compare the interference level that this architecture can support w.r.t a legacy UE which is able to support ACS Case 2 (the most demanding interference level case).

It should be noted that the requirements in Section 7 of 25.101 are defined considering H-set 12 (1 code, with very low coding rate), requiring an SNR level to achieve a target BLER of 10% which is not very far from the DPCH_Ec/Ioc required for the R99 ACS test to achieve 0.001BER performance  (~-19dB).

In particular it was shown that when this H-Set is configured under ideal AWGN conditions, an SNR level (HS-PDSCH Ec/Ioc) required to target 10% BLER performance approximatively equals  -15.9dB, (Ec/Ior = -10.2 w Ior/Ioc = -5.7 dB)
In the following we consider the following cases:
1. Configuration CxCC with a single interferer in the gap with single and dual receiver.

2. Configuration CxxC with 2 interferers in the gap

2.2 Case 1: Configuration CxCC with a single interferer in the gap

2.2.1 Single receiver architecture

This configuration is schematically shown in Figure 1.
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                      Figure 1. Configuration CxCC with single receiver
When the ACS is defined in gap, two effects should be considered:

1 The UE working with single LO will consider this interferer as wanted signal, i.e. the analog front-end filter will not filter this out. 

2 The image effect which may affect one of the carriers. 

As mentioned already in previous contribution, the selectivity performance could still be achieved if selectivity is achieved by means of analog and digital filtering. However depending on the interference ratio the BLER performance  may not be achieved.
In general any UE has a certain image rejection of IRdB which reduces the impact of the interferer in the second active carrier. 

The SNR in the wanted carrier can be computed as follows:
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In ACS Test Case 1:
Pwanted = REFIor + 14, If Band I is considered the REFIor is -106.7dBm, hence the level of Ior is  -92.7dBm, and Ioc = -92.7+5.7 = -87dBm, which means that HS-PDSCH_Ec=-102.9.
When the interferer is present the SNR is reduced as such:
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(1)
Figure 2 shows a plot of the modified SNR in Equation (1) as a function of the interferer power and for different image rejection for case 1 and Figure 3 shows the same quantities for ACS case 2.
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Figure 2. SNR in Equation (1) as a function of the interferer power and for different image rejection, Case 1
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Figure 3. SNR in Equation (1) as a function of the interferer power and for different image rejection, Case 2

It can be seen that depending on the IR capabilities of the UE and depending on the acceptable SNR degradation the interferer level should be relaxed from 6 to 8dB dB up to 20dB.
We propose to consider a reduced relaxation of the interferer of 8-10dB. 
Note that the relaxation of the interferer level by 10dB (at low geometry level) correspond to a loss <0.5% in terms of cell capacity as shown in Figure 8 of [4]. Note that Figure 8 in [4] shows the probability of occurrence for a certain geometry of a interference level higher than xdB w.r.t the wanted cell. ). 0.5% is the CDF for x=25dB.
2.2.2 Dual receiver architecture

 This configuration is schematically shown in Figure 2.
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Figure 2. Configuration CxCC with dual receiver.
When dual receiver is considered a similar analysis can be considered in order to compute the loss in SNR. As example let’s consider the SNR of carrier 2.
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(1)

Where A2 and A3 are the attenuations of the filter used for carrier 1 from 7.5MHz to 12.5MHz offset and from 12.5 to 17.5MHz offset. 
This attenuation of course varies depending on the implementation. However, in practice, when Ior/Ioc is already small the additional attenuation A2  and A3 make the degradation of the SNR negligible.
Possible LO coupling/leakage (which would create additional intermodulation products) could be discussed further for this case.  
2.3 Case 2: Configuration CxxC with 2 interferers in the gap
The configuration CxxC with 2 interferers in the gap is shown in Figure 3.
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Figure 3. Configuration CxxC with two interferers in the gap.
2.3.1 Single receiver architecture
Under this configuration the dominating effect is the additional dynamic range needed in order to be able to support the presence of 2 interferers in the gap.

Let’s compare this case with a receiver which is capable of handling 4 adjacent carriers in presence of a strong adjancent interferer as in the ACS test case 1. Suppose that the selectivity of a (possible) analog filter reduces the interference level by a factor A. It follows that the total RSSI can be computed as

Total Wideband power: PC,1+PC,2+PC,3+PC,4 + PInt = 4Ior + Pint /A (linear domain)
In case of ACS Case 1 the total wideband power ~ Pint-A dB
In case of the configuration CxxC with 2 interferers it follows that

Total Wideband power: PC,1+PC,4+PInt1 + PInt,2 = 2Ior + 2Pint  (linear domain) ~ PInt+3dB  
Under the assumption of equally strong interferer level.

This means that in order to make sure that this test is not more demanding in terms of dynamic range for the UE a minimum of 3+ AdB reduction in the interference level should be considered.
One should aloso consider the probability of occurrence of a scenario as such, i.e. the presence of 2 strong interferers in the gap can be motivated only by the presence of an interfering non coordiated operator which deploy DC-HSDPA in the gap. According to the list of scenarios provided in [5] this configuration can happen only after deactivation of 1 carrier (carrier #2) in configuration CxCC, while the same operator would own and control the level of interference in carrier 2. Hence, we think that this scenario is highly improbable. A scenario with a single interferer should be considered instead. In this case the possible relaxation of the interference level should be ~ to AdB, where A is FFS.
2.3.2 Dual receiver architecture

For the rationale above mentioned,  a single strong interferer should be considered for this case. Hence we think that no relaxations should be needed in this case.
Again possible LO coupling/leakage (which would create additional intermodulation products) could be discussed further for this case.  

3 Conclusions

In this contribution we have provided an initial analysis of the ACS test in gap.  We propose the following:
Configuration CxCC:

· Proposal: for configuration CxCC for single receiver an improved IR should be targeted in order to reduce the loss in terms of cell capacity.

· Proposal: for dual receiver no relaxations could be possibly accepted. Possible LO coupling/leakage (which would create additional intermodulation products) could be discussed further.

Configuration CxxC

· Proposal: For configuration CxxC a scenario with a single interferer should be considered. In this case the possible relaxation of the interference level should be ~ to AdB, where A is FFS due to the loss in dynamic range.

· Proposal: for dual receiver no relaxations could be possibly accepted. Possible LO coupling/leakage (which would create additional intermodulation products) could be discussed further.
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