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1 Introduction
The test method of the maximum sensitivity degradation (MSD) of B4+B17 was agreed [1] last meeting. B4+B12 is like B4+B17 very much, but has the difference of B12’s bandwidth is wider than B17 and B4+B12 supports the bandwidths of 1.4MHz and 3MHz. So it’s necessary to redefine the test method for the MSD of B4+B12, and the MSD also need to be defined.
2 Discussion
Before define the MSD value, it’s necessary to define the test method and reference architecture. There are many discussions about them, we also studied them according to the scenario Band 4 + Band 12.
2.1 Test method of B4+B12

In [1] the following methods were defined for the MSD of Band 4 + Band 17.
1. Define the MSD conditions as follows for Band 4 and Band 17

· For the Band 17 uplink, the channel can be placed anywhere in the band. While it may not be true for other class A2 band combinations, for the Band 4 + Band 17 combination, there is always full overlap of the 3rd harmonic of the uplink into the downlink. The Band 17 downlink is placed according to the default Band 17 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 17 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 17 downlink.

· The Band 17 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 17 uplink should be 16 RB’s and for 5 MHz CBW in Band 4, the Band 17 uplink should be 8 RB’s.

· The uplink allocation in Band 17 can be placed anywhere in the channel since there is always full overlap no matter where it is placed. We therefore propose to place the Band 17 uplink in the highest portion of the channel as close as possible to the Band 17 downlink to represent the worst case.

2. Define the uplink RB configuration of Band 17 according to Table 2 in [1].

There are two differences between B4+B12 and B4+B17.
The first is that B12’s uplink frequency is 699MHz-716MHz, which is wider than B17’s uplink 704MHz-716MHz. When the B12’s uplink is placed in the lowest portion, for example 699MHz-703.3MHz, its 3rd harmonic is 2097MHz-2109.9MHz. It’s not full overlap of the Band 4’s downlink 2110MHz-2155MHz. It should be discussed for that condition; we propose the ∆RIB of that condition should be defined. When define the test conditions of MSD for B4+B12, the band 12’s uplink should be chosen carefully. The 1/3 of 2110MHz is 703.33MHz, so the uplink can begins with 703.4MHz, the RB’s number is 1/3 of the band 4 downlink size, and it’s no problem. We propose using the same frequency range of Band 17, for the purpose of reusing some test conditions of B4+B17.
The second difference is that smaller bandwidth is supported by B4+B12, so the Band 12’s uplink should be 2 RB’s for 1.4MHz CBW in Band 4 and 5 RB’s for 3MHz CBW in Band 4 when testing MSD.
We therefore propose to define the MSD conditions as follows for Band 4 and Band 12,
· For the Band 12 uplink, the channel can be placed 703.4MHz-716MHz, we propose use the same frequency range of Band 17, 704MHz-716MHz. The Band 12 downlink is placed according to the default Band 12 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 12 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 12 downlink.

· The Band 12 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 12 uplink should be 16 RB’s, for 5 MHz CBW in Band 4, the Band 12 uplink should be 8 RB’s, for 3 MHz CBW in Band 4, the Band 12 uplink should be 5 RB’s, for 1.4 MHz CBW in Band 4, the Band 12 uplink should be 2 RB’s.
· We also propose to place the Band 12 uplink in the highest portion of the channel as close as possible to the Band 12 downlink to represent the worst case.
Examples are provided below.
Table 1.  Example MSD configuration of Band 4 and Band 12 channels.

	Band 12 UL and DL
	Band 4 DL

	Bandwidth
	Frequency of Uplink
	Frequency of Downlink
	Bandwidth
	Frequency of Downlink

	5
	706.5
	736
	1.4
	2125.7

	5
	707.5
	737
	1.4
	2128.7

	5
	712.5
	742.5
	1.4
	2143.7

	5
	713.5
	743.5
	1.4
	2146.7

	5
	706.5
	730
	3
	2124.9

	5
	707.5
	730
	3
	2127.9

	5
	712.5
	742.5
	3
	2142.9

	5
	713.5
	743.5
	3
	2145.9

	5
	706.5
	736.5
	5
	2124

	5
	707.5
	737.5
	5
	2127

	5
	712.5
	742.5
	5
	2142

	5
	713.5
	743.5
	5
	2145

	5
	706.5
	736.5
	10
	2122

	5
	707.5
	737.5
	10
	2125

	5
	712.5
	742.5
	10
	2140

	5
	713.5
	743.5
	10
	2143

	10
	709
	739
	1.4
	2140

	10
	711
	741
	1.4
	2146

	10
	709
	739
	3
	2139.2

	10
	711
	741
	3
	2145.2

	10
	709
	739
	5
	2138.3

	10
	711
	741
	5
	2144.3

	10
	709
	739
	10
	2136.2

	10
	711
	741
	10
	2142.2


We modified the last four line of the table 1 in[1], because we think the numbers in[1] is calculated with the UL bandwidth of 5MHz not 10MHz.

The uplink configuration is shown in table 2.

Table 2.  Uplink configuration for MSD for CA_4_12
	CA configuration
	DL Bandwidth of Band 4
	UL configuration of Band 12

	CA_4A_12A
	1.4
	2 RB

	
	3
	5 RB

	
	5
	8 RB

	
	10
	16 RB


2.2 Reference architecture
There are three reference architectures being discussed in [4], and the third architecture using a single harmonic filer is the most reasonable architecture for the low IL of low band. So we also propose that architecture.
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Figure 1. RF architecture for CA_4-12 using a single harmonic filter (refers to Figure 3 of [4])
2.3 Analysis
As discussed before, the harmonic falling in the Band 4’s DL comes from two kinds of source, the first is the harmonic generated from the non linearity of the PA, switch etc., the second is from PWB coupling. So we will discuss it in two sections.
2.3.1 Harmonic caused by the components’ nonlinearity
Based on the architecture in figure 1, we studied the components of Band 12 Tx. There are sources to generate harmonic such as PA, duplexer and switch, and also there are components which will suppress the harmonic, such as harmonic filter, duplexer and diplexer.
The calculation is presented in Table 3, with the PA’s output power 27.5 dbm.
Table 3 Harmonic level caused by the components’ nonlinearity
	B12 Tx chain component
	3rd harmonic (dBm)
	3rd Harmonic rejection (dB)
	Accumulated 3rd harmonic (dBm)
	Div harmonic(dBm)

	PA
	-30
	n/a
	-30
	n/a

	Duplexer
	-60
	30
	-57.0
	n/a

	Low Pass Filter
	-200
	30
	-87.0
	n/a

	RF Switch
	-78
	0
	-77.5
	n/a

	Diplexer
	-200
	25
	-102.5
	-110.5


Considering all of the above aspects, the 3rd harmonic level falling in B4’s DL will be -102.5 dBm, and for diversity Rx chain with 8 dB antenna isolation assumption, the harmonic level will be -110.5 dBm.
2.3.2 Harmonic caused by coupling and MSD
As discussed in [6], there are many coupling sources, PCB coupling, radiated coupling, transceiver coupling, etc. They are implementation dependent. We also think as noted in [3] a dual transceiver design can see less transceiver coupling than a single chip combining two transceivers design.
We estimated the 3rd harmonic level according to the coupling loss to the Rx chain as shown in Table 4 with 9 dB Noise figure assumption. And the MSD is also shown also, it is assumed that the harmonics in the main path and the diversity path are correlated, so they are amplitude added.
Table 4 Harmonic caused by coupling

	PCB coupling(dB)
	70
	75
	80

	3rd harmonic power
caused by coupling(dBm)
	-100
	-105
	-110

	Main path total 3rd harmonic power(dBm)
	-98.1
	-100.6
	-101.8

	Div path total 3rd harmonic power(dBm)
	-99.6
	-103.9
	-107.2

	MSD of different BW
	1.4 MHz
	9.4
	6.7
	5.2

	
	3 MHz
	6.1
	3.9
	2.8

	
	5 MHz
	4.5
	2.7
	1.9

	
	10 MHz
	2.8
	1.6
	1.1


We propose 70 dB or 75 dB coupling as the coupling assumption.
2.3.3 ∆TIB and ∆RIB values
Based on the architecture in figure 1, using harmonic filter will introduce insertion loss to the Tx of Band 12, and has no other effects to the other links. The IL of the filter has been reported by the filter vendor to be [0.6] dB, we propose the following ∆TIB and ∆RIB values.
Table 5: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_4A-12A
	4
	0.3

	
	12
	[0.9]


Table 6: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB] 



	CA_4A-12A
	4
	0note

	
	12
	[0.6]

	Note: When the B12’s uplink is placed in 699MHz-703.3MHz, the ΔRIB,c of Band 4 is defined.


3 Conclusion
We analyzed the test method for the MSD, reference architecture, and MSD values of B4+B12. A proposed way forward for agreement is detailed below.
Proposed Way Forward

1. ∆RIB of Band 4 should be defined when the uplink channel of Band 12 is placed 699MHz-703.3MHz.
2. Define MSD for Band 4 + Band 12 with the following conditions
· For the Band 12 uplink, the channel can be placed 703.4MHz-716MHz, we propose use the same frequency range of Band 17, 704MHz-716MHz. The Band 12 downlink is placed according to the default Band 12 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 12 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 12 downlink.

· The Band 12 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 12 uplink should be 16 RB’s, for 5 MHz CBW in Band 4, the Band 12 uplink should be 8 RB’s, for 3 MHz CBW in Band 4, the Band 12 uplink should be 5 RB’s, for 1.4 MHz CBW in Band 4, the Band 12 uplink should be 2 RB’s.  

· We propose to place the Band 12 uplink in the highest portion of the channel as close as possible to the Band 12 downlink to represent the worst case.
3. Define the uplink RB configuration of Band 12 according to Table 2 when MSD is tested.
4. Working assumption of RF architecture to include a single harmonic trap filter between the Band 12 duplexer and the low band switch.
5. Using 70 dB or 75 dB coupling as the coupling assumption, the according MSD is shown in Table 4.
6. Define the TIB to be 0.9 dB for Band 12 and 0.3 dB for Band 4.
7. Define the RIB to be 0 dB for Band 4 and 0.6 dB for Band 4.
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