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1		Introduction 
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 on the UE REFSENS requirement due to inter-modulation products from the two simultaneous UE Tx signals.
2	IM product impact on Receiver Sensitivity
The assessment of the impact of IM product due to DB-DC-HSUPA on the UE’s receiver consists of the following steps:
· Identify IM products that fall into the RX channel
· Determine the magnitude of this IM product 
· Apply a receiver noise/interference model and assess REFSENS impact  
2.1        Identifcation of IM products
Identification has two elements. The first is from the band perspective where potential band overlap is identified. The second is from the channel perspective, where UMTS channel constraints are applied. Based on previous studies [2], we will bound the IM order to 7th order or less. 
2.1.1  Configuration 1 (Band 1 / Band 8)
The following IM products have potential overlap with the receive channel. 
	IM Order
	n x B1_TX
	m x B8_TX
	IM Frequency (MHz)
	RX Band with potential Overlap

	4
	2
	-2
	2010 – 2200
	B1

	7
	4
	-3
	2100 - 2420
	B1


Table 1  IM products with potential overlap.
Considering the lowest order IM product (i.e. IM4) and Appling the UMTS channel constraints, the overlap between the IM4 center and UMTS channel center is determined.
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[bookmark: _Ref419438387]Table 2  IM4 to RX Channel Offset
2.1.2  Configuration 2 (Band 1 / Band 5)
The following IM products have potential overlap with the receive channel. 
	IM Order
	n x B1_TX
	m x B8_TX
	IM Frequency (MHz)
	RX Band with potential Overlap

	4
	2
	-2
	2142 – 2312
	B1

	6
	5
	-1
	2140 - 2325
	B1


Table 3  IM products with potential overlap.
Considering the lowest order IM product (i.e. IM4) and applying the UMTS channel constraints, the overlap between the IM4 center and UMTS channel center is determined.
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Table 4  IM4 to RX Channel Offset
The minimum overlap is ~40MHz. The bandwidth of the IM4 product of 2 UMTS signals is 4x3.84MHz, or 15.4MHz. No channel combinations occur where the IM4 overlaps with the receive channel. 
2.1.3  Configuration 3 (Band 2 / Band 5)
No IM product of 7th order or less overlaps with either RX band (or channel). 
2.1.4 IM Product Summary
Based on observations in this section, the conclusion is that:
· Only Configuration 1 (Band 1 / Band 8) is affected by IM product overlapping the RX channel. 
· IM4 is the dominate IM product. 
When we looked at the current deployment of UMTS frequencies by various operators using configuration 1, we found that this IM product overlapping with Rx channel is applicable to a specific channel combination in configuration 1 (B1+B8) and we found one operator who owns this frequency combination i.e. B1 Tx@1952.5MHz, B8 Tx@882.5MHz and B1 Rx @2142.5MHz. But that operator has three other frequencies as well in the same band combination and thus can potentially avoid using this particular channel combination when enabling DB-DC-HSUPA.
2.2 Overlap Correction Factor
The Overlap Correction Factor, or simply Correction Factor (CF) accounts for the shape of the IM product. Although the IM4 for two UMTS signals is ~15.4MHz wide (i.e. 4xUMTS_CH_BW), it is not rectangular, so the offset between the IM4 and RX Channel centers needs to be accounted for. To address this, both simulations and measurements were performed. 
2.2.1  Simulated CF
The simulation consisted of generating and combining two HSUPA waveform, then pushing these through a 4th order non-linearity. The energy within a 3.84MHz channel at the given frequency offset was calculated. Offsets of 0MHz, 2.5MHz and 7.5MHz were calculated. Note that 0MHz offset doesn’t occur with the UMTS channel configurations, but is used as the reference level. 
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Figure 1  Simulated CF @ 0MHz Offset
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Figure 2  Simulated CF @ 2.5MHz Offset
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Figure 3  Simulated CF @ 7.5MHz Offset
2.2.2  Measured CF
CF data was measured using Power Amplifiers from two manufactures, over the channel combinations of interest, as shown in Table 2. The Band 1 RX frequency range is 2142.5-2167.5MHz and the B8 TX frequency range is 887.5-892.5MHz. At each channel combination, the IM4 was measured (in a 3.84MHz bandwidth) at 0, 2.5 and 7.5MHz offset. The IM4 was also measured over output powers of 20,22,24,26,28 dBm as well as at the point at which the PA just met ACLR. An example of this is shown in the figure below:
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Figure 4  Measured IM4 & CF Example
In the above figure, the upper left shows the PA output with the B8 signal OFF. This established the noise floor of the measurement, and is in fact the RX Band Noise of the Band 1 Power Amplifier. The Upper right show the IM4 @ 0MHz offset. The lower left is the IM4 @ 2.5MHz offset, and lower right @ 7.5MHz offset. Note that for the 7.5MHz offset (lower right), the measurement is dominated by RX Band Noise rather than the IM4. We were unable to measure the IM4 CF @ 7.5MHz offset with the measurement set-up used. 
The figure below show the CF data at 2.5MHz offset. The data is from two PA devices, over affected channels and over output power levels;

Figure 5 Measured CF @ 2.5MHz Offset
2.2.3  CF Summary
The CF values list in the table below are used in this submission.
	Offset
(MHz)
	CF – Measured
(dB)
	CF – Simulated
(dB)
	CF Value Used
(dB)

	2.5MHz
	1.19
	1.86
	1.5

	7.5MHz
	unmeasurable
	20.18
	20.0


Table 5  CF Values
2.3 IM4 Data
The IM4 product was measured using PA devices from two manufacturers. Measurement were preformed over output power and frequency. Also shown in the figure are the IM4 values used in the overall interference assessment, shown by the black bars in the figure. 
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Figure 6  Measured IM4 Levels and Simulation Values
2.4 Receiver Interference
2.4.1 Interference Criteria
The criteria used to determine the threshold for interference uses the same methodology used to determine the REFSEN levels for HSDPA [3]. A maximum Effective Noise level (Neff) at the UE receiver antenna port was established. The same values are used in this submission and shown in the table below.
	Parameter
	Value
	Units

	kTB
	-108.2
	dBm/3.84MHz

	Noise Figure
	9.0
	dB

	Implementation Loss
	2.0
	dB

	Band Offset Factor
	0.0
	dB

	Neff_max
	-97.2
	dBm/3.84MHz


Table 6 Neff Criteria
Neff (-97.2dBm) represents the highest level of noise+interference at which the UE could pass its REFSEN requirements [1].
2.4.2 Methodology
To calculate the interference at the receiver input the following factor were considered;
· Radio architecture. The architecture affects the IM level at the receiver input. The DB-DC-HSUPA reference architecture proposed in [4] is used in this submission. 
· Duplexer & Diplexer rejection. Minimum values of rejection are used in this analysis. Actual rejection from commercial products is expected to have additional margin over the values used herein. 
· Other sources of noise and interference. The model used to calculate the overall nosie+interference at the victim receiver’s input, includes other source of interference/noise inherent in the radio. A simulation tool was develop for this purpose. Some other the key ‘other’ sources of interference considered are LNA noise, RX Band Noise from both transmit chains, mixer noise and reverse intermodulation products. 
The model shows the Forward IM4 product to be the dominate source of interference at or near full power and for channel combinations with a 2.5MHz frequency offset. Note that only a small percentage of UMTS channel combinations will result in a 2.5MHz frequency offset (6/84 or 7%), and this is further reduced by the fact that the Operator is restricted to use only channels allocate to them, thus many Operator’s avoid this interference altogether. 
The figure below shows where the IM4 is generated and how it is routed to the receiver input. This shows the IM4 product is generated in the Band 1 PA. The intended signal (Band 1 TX) and the unintended signal (Band 8 TX) are both present at the Band 1 PA input. The Band 8 signal is there due to unavoidable coupling. The IM4 is generated within the Band 1 PA due to nonlinearities. The IM4 is coupled to the Band 1 LNA input via the Duplexer’s unintended TX/RX path. Another possible source is the IM4 is generated in the Band 8 PA and routed to the Band 1 receiver via the two duplexers and diplexer. This path was also analysed and found to be a minor contributor. Please note that although the figure below shows the dominate IM4 source of interference, a complete set of source are included in the model and their contributions are included in the calculations. 
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Figure 7 IM4 Signal Path
Not shown, but included in this submission is the IM4 interference to the Band 1 diversity receiver, which include antenna/antenna coupling (10dB assumed). 



2.4.3 Results
The table below show the simulation results. Results for the primary receiver, the diversity receiver and also for MRC combined reception are included. The table below includes the margin to Neff_max and also the “PA F_IM contribution” which validates the dominate source of interference. 

	
	Case A
	Case B
	Case C
	Case D
	Units

	MOP, Band 1(1)
	19
	21
	23
	24
	dBm

	MOP, Band 8(1)
	19
	21
	23
	24
	dBm

	IM4 Level @ PAoutput
	-57(4)
	-54(4)
	-51(4)
	-49.5(4)
	dBm

	CF @ 2.5MHz
	1.5
	1.5
	1.5
	1.5
	dB

	IM4 Level @ Offset
	-58.5
	-55.5
	-52.5
	-51.0
	dBm

	Primary Receiver, Band 1

	Neff
	-98.7
	-97.1
	-93.2
	-90.4
	dBm/3.84MHz

	Neff_Margin
	1.5
	-0.1
	-4.0
	-6.8
	dB

	PA F-IM contribution
	8
	29
	58
	68
	%

	Proposed MSD
	0
	0.5
	4.5
	7.5
	dB

	Diversity Receiver, Band 1

	Neff
	-99.3
	-98.8
	-97.2
	-95.6
	dBm/3.84MHz

	Neff_Margin
	2.1
	1.6
	0
	-1.6
	dB

	Proposed MSD(5)
	0
	0
	0.5
	2.0
	dB

	MRC Combined

	Neff
	-101.7
	-100.8
	-98.5
	-96.6
	dBm/3.84MHz

	Neff_Margin
	4.5
	3.6
	1.3
	-0.6
	dB

	Proposed MSD
	0
	0
	0
	1.0
	dB

	Notes:
(1) Assumes a 5dB loss between PA output and Antenna Connector. 
(2) Maximum Neff is -97.2dBm/3.84MHz, per standards work, NF=9.0dB, IM=2.0dB, BO=0dB.
(3) -46dBm is the IM4 level used for LTE analysis @ Pout=20.5dBm, with 3/2 slope. 
(4) Level based on UMTS measurements.



3	Conclusion
In this contribution, we have analyzed the impact of IM on UE REFSENS due to HSPA DB UL CA. The table in section 2.4.3 of the paper captures a summary of results for configuration 1 (B1+B8) showing potential impact to REFSENS and proposed MSD for the case when two max power PAs are used. When we looked at the current deployment of UMTS frequencies by various operators, we found that this MSD is applicable only to a specific channel combination in configuration 1 (B1+B8) and we found only one operator who owns this channel combination. For all other channel combinations in configurations 1, 2, 3, REFSENS relaxation is not needed.
[bookmark: _GoBack]Proposal 1: UE should be allowed to use both PAs at full/maximum power for HSPA Dual Band Uplink CA.
Proposal 2: Add a note in the specification to avoid the specifc channel combination in configuration 1 (B1+B8) for which MSD is observed. No REFSENS relaxation is needed due to any other channel combination in Configurations 1, 2 and 3 for HSPA Dual Band Uplink CA.
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