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1. Introduction
This contribution discusses UE reference sensitivity in CA for UE TR skeleton [1].
2. Discussion

2.1 Intra-band contiguous CA

The following scenarios was proposed for study in [2] for Intra-band Contiguous CA in Release 10 WI. 
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300
	–
	2400
	[TBD]
	2300
	–
	2400
	[TBD]
	TDD

	CA_1
	1
	1920
	–
	1980
	[TBD]
	2110
	–
	2170
	[TBD]
	FDD


There is no TX/RX isolation issue for TDD intra-band contiguous CA scenario. Assuming the identical noise figure and the same SNR requirement as R8, reference sensitivity would be the same as R8..However, the reference sensitivity for FDD intra-band contiguous CA depends on the Tx/Rx distance as well as the allocation of RBs [3]. Some simulation work was carried out to quantify the difference of Tx residual noise due to different Tx bandwidth for CA_1.The simulation assumptions are:

· RB allocation for 40MHz intra-band contiguous CA: Case 1&Case 2 for option 2 from [4].
· QPSK modulation.

· IQ imbalance and carrier leakage: -25dBc
· No Counter IM3. 

· Assume a post-PA loss of 4 dB.
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Figure 1 40MHz Case 1 TX residual noise in RX Band 
Blue curve in Figure 1 and Figure 2 shows the Tx residual noise for Case 1 and Case 2. The max spec (unwanted emission spec from [4]) compliant power which is computed at the zero margin crossing is used and list in Table 1 along with the RX band noise.
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Figure 2 40MHz Case 2 TX residual noise in RX Band
Table 1 PA output power and noise in RX Band in 40MHz
	
	PA output Power(dBm)
	RX Band Noise(dBm/Hz)

	Case 1 (Full RB allocation)
	25.7
	-112

	Case 2 (Two RB at the edge of the total bandwidth)
	19.3
	-113


For case 1 and 2, the 9th order and 11th order inter-modulation products has fallen into RX band. Supposed the TX/RX separation of duplexer is 50dB, the TX residual noise in RX band is -112dBm/Hz-50 dB =-162dBm/Hz. The noise floor in RX band is -174dBm/Hz+9dB NF=-165dBm/Hz. the TX residual noise is higher than the noise floor because of the larger transmission bandwidth and smaller duplex spacing. So the reference sensitivity needs to degrade or the maximum TX power needs to reduce when the 40MHz transmission bandwidth is used.
Decreasing the uplink transmission bandwidth is another effect way to avoid the residual noise. The REFSENS test is verifying the noise factor of receiver, which involves filter and linearity performance of both PA and LNA. So it is practical that a typical test configuration should be selected carefully for verification. Another forceful reason is that there is asymmetrical UL/DL bandwidth UE in R10 phase, if a UE can only support 20MHz UL bandwidth and 40MHz DL bandwidth, it is necessary to use 20MHz uplink transmission bandwidth to verify the REFSENS. Similar to R8, we can also define the minimum requirement for suitable uplink bandwidth and MSD in large transmission configuration. 
The black curve in Figure 1 is a 20MHz LTE carrier which located as close as possible to the RX band, the 17th order and 19th order inter-modulation products has fallen into RX band. When the TX output power is 22dBm, the residual TX noise in the whole 40MHz RX band is -175dBm/Hz with considering duplexer separation, which 10dB lower than the noise floor (-165dBm/MHz). This uplink transmission bandwidth has very little impact to the reference sensitivity because of the smaller transmission bandwidth. We can reuse the same method to define the REFSENS for CA.
According to the simulation results, we can propose the specification requirement for intra-band contiguous CA. For simplicity, we suggest reference sensitivity is defined for multiple CCs in the whole contiguous band and test together in one port. The FRC for each “building block” carrier is the same as R8 definition, so the SNR for each carrier is the same. 9dB NF is still used for UE. 
The RB configuration and transmission bandwidth from [4] is used, the minimum requirement is shown as below:
Table 1 Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	CA scenario
	40 MHz(dBm)
	50 MHz(dBm)
	Duplex Mode

	CA_40
	-90.6
	-89.6
	TDD

	CA_1
	-90.6
	-
	FDD

	…
	　
	　
	　


Table 2 Minimum uplink configuration for reference sensitivity
	Channel bandwidth/NRB

	CA scenario
	40 MHz
	50 MHz
	Duplex Mode

	CA_40
	212
	265
	TDD

	CA_1
	1001
	-
	FDD

	…
	
	
	

	　Note1: The number of UL resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth


2.2 Inter-band non-contiguous CA

In last RAN Plenary meeting in Vienna, [6] has proposed that the following band scenario should be studied for Inter-band non-Contiguous CA in Release 10 WI. 
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_1-5
	1
	1920
	–
	1980
	[TBD]
	2110
	–
	2170
	[TBD]
	FDD

	
	5
	 824
	–
	849
	[TBD]
	869
	–
	 894
	[TBD]
	


For inter-band non-contiguous CA scenario, there is no new bandwidth, no concentrated inter-modulation products because of separate PA for different component carrier, so there is no noise rise in RX band. But if a diplexer is used to share a dual-band antenna, the insertion loss should be considered and the NF maybe needs to change. It is FFS.
3. Conclusion

In this contribution, reference sensitivity in CA scenarios from [2] has been discussed and the specification requirement has been proposed. It should be noted that certain FDD intra-band contiguous CA scenario and its RB allocation could have a great impact on reference sensitivity. So the requirement is need to be study separately when more CA scenarios have joined into the work item.
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