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1. Introduction
Carrier aggregation requires the support of higher channel bandwidth at the UE. The receiver performance requirements should be re-evaluated based on UE performance, network performance, regulatory requirements, complexity and cost. 
In [1], we provided an overview of the UE Tx performance requirements. In this contribution, we discuss the impact of carrier aggregation on the following aspects: REFSENS and ACS and blocking.
2. REFSENS
In the case of intra-band contiguous CA, the REFE of a CA capable UE may have a similar architecture as Rel-8 terminals. The REFSENS requirements could be defined following the same methodology as in Rel-8.

One of the key parameters for evaluating REFSENS is the assumption on UL transmission configuration. As in Rel-8, we propose to allocate the UL transmission on the closest edge to the DL band. As the channel bandwidth increases, we could potentially also scale up the UL transmission bandwidth. In practice, however, it is very unlikely that a UE would be able to close the link budget of a full-band PUSCH transmission on UL while receiving the DL transmission at the REFSENS level. We believe the Rel-8 single carrier UL allocation size could be used as a starting point for CA REFSENS evaluation.  For UL transmissions larger than the transmission configuration used for REFSENS, the necessity to define the maximum sensitivity degradation needs further discussion. 

Proposal 1: For intra-band contiguous carrier aggregation, REFSENS should be tested with single carrier UL transmission allocated within the CC that is closest to the DL band.
In the case of inter-band CA, the UL transmission is limited to a single CC in the Rel-10 time frame. There are two possible options for evaluating REFSENS for inter-band CA:

· Option 1: Adopting the DC-HSUPA approach [3]:

· Requirements are defined for each possible active UL CC

· 95% throughput requirement for each individual CC

· Total Rx power requirement is defined for each individual CC to meet the throughput requirement
· Option 2: Averaging approach

· Requirements are defined for the worst case active UL CC

· Sum throughput cross CCs
· Total Rx power requirement defined to meet the aggregated throughput requirement
Comparing the two options, option 1 is more precise and ensures reliable operation of each carrier individually. Option 2 on the other hand has fewer test cases. For example, suppose a two CC configuration (e.g., band 1 + band 5) is specified. Option 1 would have be four requirements as shown in Table 1; option 2 would have one test case.
Table 1 Example of REFSENS requirements for inter-band CA
	Inter-band configuration
	UL Band
	DL Band
	Unit
	<REFSENS> 

	1
	1
	1
	dBm
	TBD

	
	
	5
	dBm
	TBD

	1
	5
	1
	dBm
	TBD

	
	
	5
	dBm
	TBD


Although option 2 offers a simpler spec, we have a preference on option1, which is more precise and easier to derive.
Proposal 2: For inter-band contiguous carrier aggregation, two options for REFSENS could be considered:

· Option 1: Per CC requirements, (the DC-HSUPA approach)

· Option 2: Averaging throughput approach

3. ACS and Blocking
ACS performance partially depends on the channel bandwidth and the available guard band. In Rel-8, as the channel bandwidth increases, the guard band also increase proportionally such that a 10% fixed guard band is maintained. While the ACS for channel bandwidth under 10 MHz are identical, further relaxation are required for larger channel bandwidth in Rel-8 [2]. The reason for the relaxation is that the interferer bandwidth remains unchanged in the ACS test, which makes it more difficult to reject the interference for a higher channel bandwidth even if the same fraction of guard band is available. 

In the case of intra-band CA, the channel arrangement assumes close to zero separation between the component carriers. One of the proposals is to have Rel-8 guard bands for the edge carriers instead of scaling the guard band with the total bandwidth. In this case, the fraction of guard band is reduced by a factor of N compared to single carrier system. ACS degradation for intra-band CA with different guard band sizes on the channel edge should be further analyzed. Blocking performance would also be affected by the guard band size, although to a lesser extend.
Proposal 3: For intra-band contiguous carrier aggregation, ACS and blocking performance should be evaluate for Rel-8 guard band and guard band that scales with the channel bandwidth.
In the case of inter-band CA, there are multiple options for interferer placements. In order to ensure the robust operation of the system, we propose to define the requirements for the cases where interferer placed closed to each channel/band.

Proposal 4: For inter-band carrier aggregation, ACS and blocking performance should be defined for interferer placement close to each of the Rx band.

In Rel-8, the number of allowed exceptions for spurious response scales with the channel bandwidth for 5 MHz and above. In the case of carrier aggregation, we would expect a similar requirement. In the case of inter-band carrier aggregation, harmonics of different Tx and Rx band should be carefully evaluated for possible exception definition.

Proposal 5: The number of exceptions for spurious response is expected to scale with the carrier aggregation channel bandwidth. In addition, inter-band carrier aggregation may require more exceptions depending on the band combination.
4. Conclusions
In this contribution, we provided an overview of the UE Rx requirements for carrier aggregation. Based on the discussions provided in the documents, we propose the group to consider the following proposals:

Proposal 1: For intra-band contiguous carrier aggregation, REFSENS should be tested with single carrier UL transmission allocated within the CC that is closest to the DL band.

Proposal 2: For inter-band contiguous carrier aggregation, two options for REFSENS tests could be considered:

· Option 1: Per CC requirements, (the DC-HSUPA approach)

· Option 2: Averaging throughput approach

Proposal 3: For intra-band contiguous carrier aggregation, ACS and blocking performance should be evaluate for Rel-8 guard band and guard band that scales with the channel bandwidth.

Proposal 4: For inter-band carrier aggregation, ACS and blocking performance should be defined for interferer placement close to each of the Rx band.

Proposal 5: The number of exceptions for spurious response is expected to scale with the carrier aggregation channel bandwidth. In addition, inter-band carrier aggregation may require more exceptions depending on the band combination.
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