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1 Introduction
In Rel-8, “The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.”[1]
This contribution analyse the possible impact of UE self interference in definition the UL normal and restricted RB channel bandwidth in component aggregation (CA) scenarios. At the same time, we should re-calculate FRC because downlink reference signal pattern has changed [2]. UE UL supports 4 antennas receiver to achieve high peak rate, so we should concern of four antennas MRC gain.
2 Analysis on bandwidth 
REFSENS requirement should been re-evaluated for carrier aggregation because UE can been scheduled in several CCs and more RB resource. So this contribution proposes receive sensitivity requirement based on multiple CCs in CA scenarios.
Normally full power and full RB allocation transmission are adopted in the test case, but different ratio between duplex distance to band gap for different band causes different self-desensitization power level, that means in some CA scenarios UE shouldn’t transmission at full RB allocation, if self-desensitization is deteriorated to some extent, we should define maximum reference reduce (MSD) for some bandwidth configuration [3].

 Twelve carries aggregation scenarios have been proposed in [4]. In order to achieve the maximum allowable RB allocation for one UE but not to degrade the UE performance, we should evaluate the self desensitization based on assumption below:
· Maximum UL and DL channel bandwidth according to the number of CCs for each CCs scenario. 

· UE is transmitting at maximum power (the 
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 is FFS) 

· Full RB allocation is being transmitted starting from worst channel edge

· Full RB allocation is being received 

· TX noise leakage to RX chain through duplex filter should take the analysis below into account 
Isolation between TX and RX should consider many factors below:
· Duplex filter manufacturing technology tolerance

· Stop and Pass band attenuation for worst case channel for the operating band

· Performance over full operating temperature

Leakage power is significantly lower than reference sensitivity. 

Leakage power does not consider neighbour cells Intra/inter-frequency interference
· Support for a specific channel bandwidth is only defined with respect to receive sensitivity and do not address other RF parameters.
· Duplex insert loss considers real implement issue, such as multiplexer or diplexer and duplexer.
We also analysis possible impact to the REFSENS requirement as shown in Table 1: 
Table 1 possible impact on the requirement
	Scenario No.
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes
	Possible issue

	1
	UL: Contiguous 2x20 MHz CCs
DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD
	The leakage interference much depends on the gap bandwidth. Large bandwidth for UL and DL will bring large noise floor rising. Allowable RB allocation will be limited. In some configuration IMD3 product will fall into the RX band [5]

	2
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD
	No impact

	3
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	TDD
	No impact

	4
	UL: Non-contiguous 20 + 20 MHz CCs

DL: Non-contiguous 2x20 + 2x20 MHz CCs
	3.5 GHz band
	FDD
	Same as scenarios 1

	5
	UL/DL: Non-contiguous 5 MHz + 5 MHz CCs
	Band 8 (900 MHz)
	FDD
	Small relative duplex gap limits UE maximum transmission RB. Some implement margin should be considered for small relative duplex gap

	6
	Non-contiguous 2x20 + 2x20 MHz CCs
	Band 38 (2.6 GHz)
	TDD
	No impact

	7
	UL/DL: Non-contiguous 10 MHz CC@Band 1 + 10 MHz CC@Band 3 + 20 MHz CC@Band 7
	Band 3 (1.8 GHz)
Band 1 (2.1 GHz)
Band 7 (2.6 GHz)
	FDD
	The maximum allowable RB number is limited.  In some configuration IMD3 product will fall into the RX band [5]. Some implement margin should be considered for small relative duplex gap

	8
	Non-contiguous 1x15 + 1x15 MHz CCs
	Band 1 (2.1 GHz)

Band 3 (1.8GHz)
	FDD
	The maximum allowable  transmission  RB number is limited, Some implement margin should be considered for small relative duplex gap

	9
	UL/DL: Non-contiguous 10 MHz CC@UHF +    10 MHz CC@Band 8
	800 MHz band
Band 8 (900 MHz)
	FDD
	Same as scenarios 8



	10
	Non-contiguous 2x20 + 10 + 2x20 MHz CCs
	Band 39 (1.8GHz)
Band 34 (2.1GHz)
Band  40  (2.3GHz)
	TDD
	No impact

	11*
	UL: 1x20 MHz CCs

DL: 2x20 MHz CCs
	Band 7 (2.6 GHz)
	FDD
	The maximum allowable transmission RB number is limited. Some implement margin should be considered for small relative duplex gap

	12
	UL/DL: 20 MHz CCs @ Band 7

DL : Non- contiguous  20 + 20  MHz CCs @ 3.5 GHz band
	Band 7 (2.6 GHz)

3.5 GHz band
	FDD
	Same as scenarios 8



3 Analysis on insert loss

In LTE-Advanced, UE receive sensitivity should consider three generic carries aggregation scenarios corresponding UE RF chains structure.

· Intra band contiguous component carrier (CC) aggregation

· Intra band non - contiguous component carrier (CC) aggregation

· Inter band contiguous component carrier (CC) aggregation
For the first CA scenarios, RF front end may use one RF chains. Its insert loss is typical less than 4dB. But for the third CA scenarios, there may be two RF structure as shown Figure 1 below. The left figure is typical duplexers from [6]. The right figure is other implementation device - diplexers from [7]. 
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Figure 1: Duplexers and multiplexers
The multiple stage RF filters enlarge the insert loss. We should select the largest insert loss when we define the receive sensitivity RF parameter.
4 Analysis on receive antenna number
TX architectures for one physical antenna channel are proposed in [4]. RF configuration is shown in the right of Figure 2, In order to get higher peak rate, UL-MIMO supports four antenna channels as shown in the left of Figure-1. There are other antenna configurations such as 2T2R, 2T4R. In this contribution we select 4T4R as initial work. 
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Figure 2: possible UE RF architecture
We start analyse the issue of the reference sensitivity level in diversity mode. For this case the wanted signals at the antenna ports are correlated (the same signal),but the interference, that is, the noise of four ports are uncorrelated, supposing an ideal receiver, four receiver antennas receives the wanted signal to save time, which had been adopted in LTE. The final combined SNR with different weights on for four receiver branches is 
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 Is the weight for channel gain? MRC receiver is normally assumed in the performance tests, the same signal level applied for four antennas would imply a significant relaxation. If the four antennas have reasonable balanced performance, the signal power will been nearly relaxed for 10log4 equal to 6dB, which doesn’t mean relax the REFSENS requirement In other words, the relaxation value is compensated by MIMO diversity gain. 
5 Analysis on FRC
In LTE-A downlink RS transmission supports CRS, DMRS, CSI-RS, and the overhead for LTE-A is larger than that for LTE. The contribution proposes QPSK 1/3 coded rate for this test because receive sensitivity defines receive performance requirement at low receive PSD. The UE locates at the edge of cell and is scheduled in low order modulation and low code rate.
FRC should be defined based on each component carrier, because RAN1 agrees independent schedule for each component carrier.

6 Conclusions
This contribution analyses possible impact in definition the REFSENS requirement. Proposal is below:
· REFSENS requirement bases on multiple CCs, self desensitization should be re-evaluated to define the allowable RB allocation for each CCs scenario.
· Select the largest insert loss in view of the implementation issue.

· Receive diversity relaxes the REFSENS requirement.

· FRC can be set up after RAN1 defines the downlink RS pattern.
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