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1		Introduction 
[bookmark: _GoBack]In RAN4#74bis, companies presented their impact analysis on RF and RRM requirements due to HSPA dual band uplink carrier aggregation. The key open item[3] was whether to use two full power PAs or define a new maximum output power limit across both carriers. Some additional RF analysis is required when two full power PAs are enabled (for this HSPA WI, we cannot leverage most of the RF analysis from LTE inter-band uplink CA work since LTE decided to back-off the Tx power of each chain by 3dB). This paper presents the impact of using two PAs at full power in the presense of an out-of-band blocker.
This paper analyzes the potential for two uplink signal one in each band & the Out-Of-Band Blocker generating a third-order IM product at the receiver’s LNA falling into the RX channel, thus causing interference. The three signals and paths are shown in the figure below.
The signal paths (and worst case levels) for the IM generated in the B1 LNA due to the B1 PA output leakage through the duplexer (blue line), B8 UE PA output leakage through diplexer (pink line) and the out-of-band blocker into B1 (red line) are shown in the figure below.
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Figure 1 Two Uplinks & OOBB at the LNA Input.
The IM3 product falls into the RX channel when;

The IM is a third-order product since the three frequency components each have an order of one. The HSPA DB UL CA Rel-13 work item addresses 3 band combination configurations. Configuration 1 is B1+B8, Configuration 2 is B1+B5 and Configuration 3 is B2+B5. All three configurations are analysed in this paper.
2	OOBB Requirements Impact Assessment  
The conditions where the OOBB & two UL transmit signals result in an IM3 product falling into the RX band is provided in the tables below. Signal levels are calculated based on the Front End losses of the UE reference architecture, and the rejection for the Duplexer and Diplexer.  
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Table 1 Configuration 1, Band 1 / Band 8, Victim RX-Band 1
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Table 2  Configuration 1, Band 1 / Band 8, Victim RX-Band 8
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Table 3  Configuration 2, Band 1 / Band 5, Victim RX-Band 1
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Table 4  Configuration 2, Band 1 / Band 5, Victim RX-Band 5
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Table 5  Configuration 3, Band 2 / Band 5, Victim RX-Band 2
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Table 6  Configuration 3, Band 2 / Band 5, Victim RX-Band 5
The worst case levels at the LNA input, for all six scenarios is the following;
· OOBB 	= 	-55dBm
· UL1 	=	-27dBm
· UL2		=	-41dBm
Note both UL1 & UL2 are HSUPA signal waveforms, and OOBB is a single tone per [1]. 
To assess the IM3 level in the RX channel, a simulation was performed. The simulation combines two HSUPA signals and a tone at the appropriate levels. This composite signal is then pushed through a third-order nonlinearity whose coefficient matches the IIP3 level of the UE’s Receiver. The resulting IM3 is then filtered by the channel filter response before its power is calculated. 
Note that due to sampling limitations, the two UL frequencies and tone frequency don’t match the actual configuration, however they were set at the following frequencies, such that the IM3 product falls at baseband:
· OOBB	@ 	220MHz
· UL1		@		100MHz
· UL2		@		120MHz
The IM3 product being calculated is:
			-1*OOBB + 1*UL1 + 1*UL2 
The figure below shows an example of the frequency domain view of the simulation. The blue plot is the LNA input waveform with two UL carriers and a tone corresponding to the 3 peaks. The red plot is the IM3 at the LNA input and the green plot at the left corner of figure is the filtered IM3 as seen at the B1 receiver’s baseband.
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Figure 2  Simulation Example

This interference will be compared to the maximum effective noise level which was used to establish the REFSEN level of the HSDPA channels [2] and calculated in the table below.
	Parameter
	Value
	Unit

	kTB
	-174
	dBm/Hz

	BW Factor
(10*log10(3.84e6)
	65.8
	dB

	Max Nosie Figure
	9.0
	dB

	Implementation Margin
	2.0
	dB

	Band Offset Factor
	0.0
	dB

	Neff_max
	-97.2
	dBm/3.84MHz



From the simulation, the IM3 interference plus noise referenced to the antenna port is -94.7dBm/3.84MHz.
The OOB Blocking test conditions as specified in the standard [1] sets the desired signal 3dB above the REFSENS level. Therefore the maximum interference plus noise requirement is -97.2dBm/3.84MHz + 3.0dB = -94.2dBm/3.84MHz.
The result show a 0.5dB margin to the requirement. Actual filters will typically provide additional rejection. Note that all occurrence of the worst case IM product will occur with the Out-Of-Band Blocker tone located at frequency >3GHz. The additional front end loss at this frequency will also provide additional margin.  
Proposal 1: For DB UL CA, the existing OOB Blocking requirement can be met with DB-DC-HSUPA. 
3	Conclusion
This paper has provided an OOBB impact analysis due to the introduction of HSPA DB UL CA and makes the following proposal:
Proposal: For DB UL CA, the existing OOB Blocking requirement can be met with DB-DC-HSUPA. 
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