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1 Introduction
A new work item for non-contiguous 4C-HSDPA operation was agreed at RAN#51 meeting [1] in the context of Rel-11,  the following objectives were included: 
· Study the feasibility of supporting 4-carrier HSDPA operation for two non-adjacent blocks of carriers within a single band with the following assumptions
· At most two UE receivers are assumed
· The total bandwidth per block does not exceed 15 MHz
· The carriers within the blocks are contiguous
· The total number of aggregated carriers does not exceed 4
· Based on the outcome of the feasibility analysis, specify 
· UE core requirements for non-contiguous 4-carrier HSDPA operation
· BS core requirements reusing MSR non-contiguous core requirements for non-contiguous 4-carrier HSDPA operation
Note that it is expected that the existing signaling introduced in the context of 4C-HSDPA can be used to support the selected band combinations 
RAN4 should initially study the feasibility of supporting operation of non-adjacent carriers with the assumptions above, and provide a recommendation on the continuation to RAN#53
Under the scope of the work item several non-contiguous carrier aggregation scenarios are possible. Hence, if all the possible scenarios need to be defined in the spec there is an explosion of test cases. For several tests the requirement should be defined for each configuration, for each band, for each possibility within the configuration (e.g. the position of the single or dal uplink). Hence, in the paper we propose to limit the set of configurations to be studied. We justify the choices and provide a way forward. 
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 RAN 2 signalling

In the last meeting RAN 2 has agreed [2]  a scheme for the UE to signal the capability to support certain configurations.

In particular the UE should report the following:

· The maximum number of non-contiguous carrier for the supported bands (2, 3 or 4 carriers in the same band).

· Support for a certain gap length (5, 10 or more than 10MHz, hence scenarios with x , xx or x...x);

· In case the UE reports the capability to support 4 non contiguous carrier, the UE should report whether a symmetric (CCx...xCC) or an asymmetric scenario (CCx....xC or Cx...xCC) is supported

2.2 Proposed Scenarios under test

By following the signaling scheme agreed in the last RAN 2 meeting, the following configurations can be supported  by the UE under this work item. Note that in the table we also indicate whether the configuration can be supported with 1 or 2 receiver by considering the assumption that each receiver may support max 20MHz total RF bandwidth. Of course this may evolve in the future and this is provided only as an example.
Table 1. List of configurations which the UE can support according to the signaling scheme agreed in RAN 2 [2].
	# of non contiguous carrier supported
	Gap length
	Symmetric/non symmetric
	Configurations
	Number of receivers

	2
	5
	Symmetric only
	CxC
	1 or 2

	
	10
	
	CxxC
	1 or 2

	
	>10
	
	Cx…xC
	2

	3
	5
	Asymmetric only
	CCxC or CxCC
	1 or 2

	
	10
	
	CCxxC or CxxCC
	2

	
	>10
	
	CCx..xC or Cx..xCC
	2

	4
	5
	Symmetric
	CCxCC
	2

	
	10
	
	CCxxCC
	2

	
	>10
	
	CCx..xCC
	2

	
	5
	Asymmetric
	CCCxC or CxCCC
	2

	
	10
	
	CCCxxC or CxxCCC
	2

	
	>10
	
	CCCx..xC or Cx..xCCC
	2


In order to limit the number of configurations to be studied in RAN 4 we should consider what are the possible problems linked to the configurations mentioned in Table 1.
2.2.1 Position of the interferers
Depending on the scenario different possible configurations for the position of an interferer are possible. The interferer can be inside the gap as in Figure 1 (depending on the gap length, the interferer can be close to first component carrier  or the second component carrier) or it can be outside the gap as shown in Figure 2 (the interferer can be close to first component carrier  or the last component carrier). 
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Figure 1. Example of possible position of the interferer inside the gap.
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Figure 2. Example of possible position of the interferer outside the gap.

In general, the interferer is located outside the gap can be considered as a scenario similar to legacy tests.

When the interferer is located inside the gap the worst case condition is when a single receiver is considered. In this case in fact the single RF front end won’t be able to filter out the interferer and this may stress the dynamic range of the UE.

Hence the proposal is as follow:

Proposal 1. Consider a scenario which can be supported with a single receiver.
2.2.2 Image Rejection 

The image problem may come from 2 possible scenarios: 

1. A strong interferer located inside the gap whose image may create noise in a wanted carrier (Figure 3)

2. A power imbalance between the component carriers; the strongest carrier may create images into an other  wanted carrier (Figure 4)
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Figure 3. Image problem created by a strong interferer
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Figure 4. Image problem created by a power imbalance between carriers.

When the image problem comes from the presence of a strng interferer, it can be noticed that the worst case is again when the non contiguous configuration can be supported by a single receiver. In this case in fact there is no possibility to filter out the interferer. In case of 2 receivers the position of the local oscillator may be such that the image problem coming from the interferer can be avoided.

When the image problem comes from a power imbalance between the component carriers, the use of a single or dual receiver does not provide any benefit. However, this problem is only slightly more demanding for the UE (because of a wider filter) w.r.t DC-HSDPA scenarios. Moreover, it was assumed in the past that similar power could be considered among the component carrier.

The image problem is visible only for asymmetric configurations.

Hence the proposal is as follows:

Proposal 2: Consider 1 scenario with a symmetric configuration and one scenario with an asymmetric configuration.
2.2.3 Definition of the requirements
As explained in the previous sections there are several scenarios which can be supported/signaled by the UE. 

If all the scenarios need to be defined in the 3GPP specifications, there will be an explosition of test cases (for each band all the scenarios should be studied). For the sake of definition of the requirements several possibilities can be discussed

1. 
Limit the applicability of the configurations per each band. Allow only a certain amount of configurations per band and define the requirements based on those only to avoid substantial increase of the test cases. Possibly define non-contiguous CA feature only for the bands which are of interest (Band I, II, III, IV, V, VIII, X etc..) 
2. Limit the amount of configurations for the definition of the test cases. For example for each band only 1 or 2 cases can be defined which mimic the most important impariments for each band. Consider at least the minimum capabilities as 5MHz gap, symmetric/asymmetric case with 2 or 3 carriers, hence configurations CxC and CCxC. 
3. Consider one config with <=  20MHz span (CxC) which corresponds to the minimum capability and base the requirements only on this.  
4. Define requirements for all the scenarios which are of interest. This option requires additional work for every single new configurations which operators would like to deploy. 
5. Define only 1 band and study all the possible scenarios (band I for example).
6. Define 1 or 2 scenarios only in 1 band (band I for example) 
7. Define core requirements for all the cases but limit the tests in RAN 5 (test only important/baseline cases). Explosion of requirements in RAN 4.
Considering the discussion in Sections 2.2.1 and 2.2.2 our preference is Alternative 2, i.e.
Limit the amount of configurations for the definition of the test cases. For example, for each band, define only 1 or 2 cases which mimic the most important impariments for each band.  Consider at least the minimum capabilities as 5MHz gap, symmetric/asymmetric case with 2 or 3 carriers, hence configurations CxC and CCxC. 
Hence we propose the following:

Proposal 3:  Define requirements for all the bands based on 3 scenarios: CxC and CCxC (or CxCC). Define requirements based on these scenarios.

3 Conclusions

In this paper we have started the discussion on the huge amount of scenarios which can be supported by a UE in the context of non-contiguous carrier aggregation. We have considered the presence of the interferers inside the gaps, the possible image problems which can be considered as the most important limiting factor of this feature. Hence, we propose the following:

Proposal 1. Consider a scenario which can be supported with a single receiver.

Proposal 2:  Consider 1 scenario with a symmetric configuration and one scenario with an asymmetric configuration.
Proposal 3:  Define requirements for all the bands based on 3 scenarios: CxC and CCxC (or CxCC). Define requirements based on these scenarios.
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