3GPP TSG-RAN WG4 #70                                              R4-140605
Prague, Czech, February 10th – 14th, 2014
Agenda item:
7.28
Source: 
MediaTek Inc. 
Title: 
More on IMD measurements for 2UL inter-band CA 
Document for:
Discussion and approval
1
Introduction
In last RAN4 meeting, it was agreed that the Maximum Sensitivity Degradation (MSD) shall be developed into core specifications for 2UL inter-band CA with self-desensitization issue from UL intermodulation products [1]. It was also agreed that IMD5 should be considered in UE self-desensitization analysis and further studies are required on the impact of IMD4 [2]. In this contribution, we provide more IMD measurement data on UE antenna switches and PAs as a reference to facilitate future MSD specifications development.                                
2
Discussion
On the concern of potential UE co-existence and self-desensitization issues caused by 2UL inter-band CA intermodulation products, IMD measurement data for various RF front-end components had been reported in the past few RAN4 meetings [3-9], with the focus mostly on IMD2, IMD3, and IMD5. In last RAN4 meeting, it was brought up for the first time that IMD4 could also have impact to self-desensitization [8], and further studies on IMD4 level are suggested.       
In this contribution, we include IMD2 and IMD4 measurement data to our earlier contribution on UE antenna switches [5] and also provide additional IMD4 and IMD5 measurement data for two commercially available LTE low-band PAs.

2.1 IMD measurement on antenna switches         
Figure 2.1-1 shows the measurement setup, where DUTs are provided by three component vendors, all with SP8T type. The measurement conditions for each IMD component are further summarized in Table 2.1-1.     
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Figure 2.1-1 Antenna switch IMD measurement setup
	
	f1 (MHz)
	f2 (MHz)
	fIMD
	fIMD (MHz)
	P1 (dBm)
	P2 (dBm)

	IMD2
	1720
	840
	f1 – f2
	880
	20
	20

	IMD3
	1760
	1950
	2*f2 – f1
	2140
	20
	20

	IMD4
	1720
	890
	3*f2 – f1
	950
	20
	20

	IMD5
	1855
	1950
	3*f2 – 2*f1
	2140
	24
	24

	IMD7
	1887
	1950
	4*f2 – 3*f1
	2139
	24
	24


Table 2.1-1 Antenna switch IMD measurement test conditions
Table 2.1-2 summarizes the measurement data and the extrapolated IPx values.  
	 

 
	Output IMD Level (dBm)
	Input Intercept Point (dBm)

	
	IMD2
	IMD3
	IMD4
	IMD5
	IMD7
	IIP2
	IIP3
	IIP4
	IIP5
	IIP7

	Vendor 1
	-80.2
	-82.2
	-86.6
	-100.8
	-113.8
	119.2
	70.6
	55.2
	54.9
	46.8

	Vendor 2
	-82.7
	-86.6
	-111.2
	-110.1
	-120.1
	121.7
	72.8
	63.4
	57.3
	47.8

	Vendor 3
	-79.8
	-84.3
	-97.0
	-107.1
	-124.1
	118.8
	71.6
	58.7
	56.5
	48.5


Table 2.1-2 Antenna switch IMD measurement data and extrapolated IPx values
To investigate whether antenna switch IMD products up 7th order would have desensitization impact to UE’s own receiver, we derived IMD power spectral density (PSD) by normalizing the absolute power with IMD bandwidth based on worst-case inter-band CA bandwidth combination, which is approximately 5 MHz. The result is summarized in Table 2.1-3. 

	 
	Maximum IMD PSD (dBm/Hz)

	
	IMD2
	IMD3
	IMD4
	IMD5
	IMD7

	Vendor 1
	-144.4
	-145.5
	-149.0
	-182.1
	-201.5

	Vendor 2
	-146.9
	-149.9
	-173.6
	-191.7
	-207.5

	Vendor 3
	-144.0
	-147.5
	-159.5
	-188.5
	-211.7

	Note 1: P1in = P2in = 20.9 dBm

Note 2: Antenna switch insertion loss is 0.9 dB

Note 3: Minimum IMD bandwidth is 5 MHz


Table 2.1-3 Summary of antenna switch maximum IMD PSD w/o common diplexer
Notice that for IMD2 and IMD4, self-desensitization would only occur with L/H band combination. If a common diplexer is used before antenna switch, the IMD level would be lowered as the attacker power level is reduced by diplexer isolation. Table 2.1-4 summarizes the estimated maximum IMD PSD for L/H band CA based on common diplexer front-end configuration.
	 
	Maximum IMD PSD (dBm/Hz)

	
	IMD2
	IMD3
	IMD4
	IMD5
	IMD7

	Vendor 1
	-159.4
	-160.5
	-164.0
	< -197.1
	< -216.5

	Vendor 2
	-161.9
	-164.9
	-188.6
	< -206.7
	< -222.5

	Vendor 3
	-159.0
	-162.5
	-174.5
	< -203.5
	< -226.7

	Note 1: P1in = P2in = 20.9 dBm

Note 2: Antenna switch insertion loss is 0.9 dB

Note 3: Minimum IMD bandwidth is 5 MHz
Note 4: Common diplexer isolation is assumed to be 15 dB


Table 2.1-4 Summary of estimated antenna switch maximum IMD PSD w/i common diplexer
By comparing the IMD PSD with receiver thermal noise floor at -165 dBm/Hz (9-dB noise figure assumed), we can see that IMD2, IMD3, and IMD4 would cause more than 3 dB sensitivity degradation on main receiver path (highlighted as yellow in the tables), while the impact from IMD5 and IMD7 is less than 0.1 dB. 
Observation 1: Antenna switch IMD2, IMD3, and IMD4 could cause more than 3 dB sensitivity degradation with or without common diplexer isolation, while the impact from IMD5 and IMD7 is less than 0.1 dB.

2.2 IMD measurement on low-band PAs         
IMD caused by PA non-linearity can be generated through forward mixing and reversing mixing with the attacker coupling paths as illustrated in Figure 2.2-1. In this measurement, we focused on IMD4 and IMD5 characterizations on two commercially available LTE low-band PAs, using B3_B8 as an example where B8 DL is the victim band.
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Figure 2.2-1 Attacker coupling paths for victim PA forward mixing (red) and reverse mixing (blue)
Figure 2.2-2 and 2.2-3 show the measurement setups for forward-mixing IMD and reverse-mixing IMD and the corresponding results are summarized in Table 2.2-1 and 2.2-2.
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Figure 2.2-2 IMD measurement setup for PA forward mixing
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Figure 2.2-3 IMD measurement setup for PA reverse mixing
	
	Vendor 1
	Vendor 2

	Pattacker (dBm)
	IMD4 (dBm)
	IMD5 (dBm)
	IMD4 (dBm)
	IMD5 (dBm)

	-35
	-27.5
	-59.3
	-25.8
	-59.3

	-45
	-37.5
	-78.5
	-35.8
	-76.0

	-55
	-47.5
	< -90
	-45.8
	-89.5


Table 2.2-1 Summary of PA forward mixing IMD4/IMD5 power level versus Pattacker
	
	Vendor 1
	Vendor 2

	Pattacker (dBm)
	IMD4 (dBm)
	IMD5 (dBm)
	IMD4 (dBm)
	IMD5 (dBm)

	-15
	-54.5
	< -90
	-57.1
	< -90

	-25
	-64.5
	< -90
	-67.5
	< -90

	-35
	-74.5
	< -90
	-77.4
	< -90


Table 2.2-2 Summary of PA reverse mixing IMD4/IMD5 power level versus Pattacker
To investigate whether PA IMD4 and IMD5 would have desensitization impact to UE’s own receiver, we derived IMD power spectral density (PSD) into victim DL band by assuming duplexer isolation at 45 dB and again normalizing the absolute power with IMD bandwidth at 5 MHz. The results are summarized in Table 2.2-3 and 2.2-4.

	
	Vendor 1
	Vendor 2

	Pattacker (dBm)
	IMD4 (dBm/Hz)
	IMD5 (dBm/Hz)
	IMD4 (dBm/Hz)
	IMD5 (dBm/Hz)

	-35
	-139.5
	-171.3
	-137.8
	-171.3

	-45
	-149.5
	-190.5
	-147.8
	-188.0

	-55
	-159.5
	< -202
	-157.8
	-201.5


Table 2.2-3 Summary of PA forward mixing IMD4/IMD5 PSD into victim DL band versus Pattacker
	
	Vendor 1
	Vendor 2

	Pattacker (dBm)
	IMD4 (dBm/Hz)
	IMD5 (dBm/Hz)
	IMD4 (dBm/Hz)
	IMD5 (dBm/Hz)

	-15
	-166.5
	< -202
	-169.1
	< -202

	-25
	-176.5
	< -202
	-179.5
	< -202

	-35
	-186.5
	< -202
	-189.4
	< -202


Table 2.2-4 Summary of PA reverse mixing IMD4/IMD5 PSD into victim DL band versus Pattacker
By comparing the IMD PSD with receiver thermal noise floor at -165 dBm/Hz (9-dB noise figure assumed), we can see that for PA forward mixing IMD4 can cause more than 3 dB sensitivity degradation on receiver main path when the isolation between attacker PA output and victim PA input (as shown in Figure 2.1-1) is less than 80 dB, while the impact from IMD5 is less than 1 dB when isolation is better than 60 dB. And for PA reverse mixing, the impact from both IMD4 and IMD5 would be less than 0.1 dB when the isolation between attacker PA output and victim PA output (as shown in Figure 2.1-1) is better than 53 dB.

Observation 2: For PA forward mixing IMD4 can cause more than 3 dB sensitivity degradation on receiver main path when the isolation between attacker PA output and victim PA input is less than 80 dB, while the impact from IMD5 is less than 1 dB when isolation is better than 60 dB.    

Observation 3: For PA reverse mixing, the impact from both IMD4 and IMD5 would be less than 0.1 dB when the isolation between attacker PA output and victim PA output is better than 53 dB.
Based on the above measurement data, we can conclude that IMD4 likely will cause noticeable sensitivity degradation when it falls on top of the DL carrier, while IMD5 may or may not have impact to sensitivity degradation, depending on the isolation level between attacker PA and victim PA. 

Since RAN4 already agreed to consider IMD5 for self-desensitization analysis in 2UL inter-band CA, we think IMD4 shall also be considered as its level is much higher than IMD5 based on our measurement results.

Proposal: IMD4 shall be considered for self-desensitization analysis in 2UL inter-band CA.   
3
Conclusion

In this contribution, we provide more IMD measurement data on UE antenna switches and PAs as a reference to facilitate future MSD specifications development. Based on our measurement data, we conclude that IMD4 likely will cause noticeable sensitivity degradation when it falls on top of the DL carrier and reiterate the following proposal from [8] for approval.

Proposal: IMD4 shall be considered for self-desensitization analysis in 2UL inter-band CA.
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