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1. Introduction

Regarding 2UL inter-band carrier aggregation, Nokia and Renesas presented discussion papers ([1],[2]) in RAN4 #63 meeting. Nokia’s paper [1] described the IMD level imposed on victim PA output path according to the frequency bands. Renesas’s paper [2] presented estimated 2nd and 3rd IMD level and severity of according to overlapping frequency ranges as well as several techniques to reduce IMD products.
SK Telecom proposed and approved 2UL CA of Band 3 and Band 5 work item [3] but 2UL CA issue was not discussed much and the reference architecture and typical insertion loss is not defined yet. This contribution presents example UE architecture and measurement result of insertion loss for 2UL inter-band CA of band 3+5 case including comparison between 1 antenna and 2 antenna solution.
2. Discussion

2.1 General

In simultaneously active two uplink device, among the class A devices, inter-modulation (IMD) products can be generated in UE. The IMD frequency range can be calculated with Tx ranges and quite straight forward. But the amount of IMD products can be different according to the specific UE architecture and component vendors. Generally, additional component (filter) can be used to reduce the IMD products or some protocols can be used to reduce UE transmit power. 
This example analysis is for uplink CA of band 3+ 5 devices, but also can be applied to other low + high combinations with IMD of class A1 and A4.
2.2 IMD/Harmonics Range Analysis
IMD and harmonics range can be calculated from each band range. As stated in R4-121883[4], only 2nd IMD products fall into UE own receiver block and there is neither 3rd IMD nor 2nd, 3rd harmonics for Uplink CA of Band 3+5. 

Table 1: Summary of UL harmonics

	Band
	UL low
	UL high
	2nd harmonics
	3rd  harmonics

	3
	1710 MHz
	1785 MHz
	3420-3570 MHz
	5130-5355 MHz

	5
	824 MHz
	849 MHz
	1648-1698 MHz
	2472-2547 MHz


Table 2: Summary of UL 2nd and 3rd IMD products 

	Band
	UL low
	UL high
	2nd IMD
	3rd  IMD

	3
	1710 MHz
	1785 MHz
	861 - 961 MHz
2534-2634 MHz
	12-137 MHz

2571-2746 MHz

3358-3483 MHz

4244-4419 MHz

804-869 MHz

1700-1795MHz

	5
	824 MHz
	849 MHz
	
	


It is shown that only 2nd IMD products fall into UE own receive block and there is neither 3rd IMD nor 2nd, 3rd harmonics for Uplink CA of Band 3+5. So, only IIP2 parameter of each component needs to be identified. 
2.3 Example Device Architecture and Analysis 

2.2.1 One Tx Antenna Solution (B3Tx and B5 Tx share the same antenna.)
This architecture is similar to the existing 2DL/1UL reference architecture with a diplexer. A LPF was added in B5 Rx path to suppress B3 Tx signal. Of course, B3 Notch filter can be used instead of LPF to suppress B3 Tx signal. Two transceiver were used in this analysis but will be reduced to one when ecosystem supports 2UL CA. 
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Figure 1. Example of Uplink CA UE with One Tx Antenna
The IMD products can be generated in B5 Rx components such as Diplexer (DIP), LPF, SW and duplexer (DPX). The typical characteristic of each component from component vendor A is shown in the following table. The amount of IMD products is also calculated in the table. 
Table 3: Summary of Component Parameters and IMD2 Calculation (1 ANT case)
[image: image2.emf]DIP(high) DIP(low) LPF SW DPX

IL 0.5 0.3 0.6 0.8 2.0

IIP2 150.0 150.0 150.0 115.0 115.0

ATT B3 24.0 30.0

Tx B5 24 23.7 24.3 25.1 27.1

Tx B3 24 24.5 0.5 -30.3 -32.3

IMD Dip -101.8 -102.4 -103.2 -105.2

IMD LPF -125.2 -126.0 -128.0

IMD SW -120.2 -122.2

IMD2 DPX -120.2

IMD all -102.4 -103.1 -105.0


The total amount of IMD products is minimized and due to the diplexer and LPF, the insertion loss(IL) in Band 5 can be up to 0.9dB.(0.3dB+0.6dB)
2.2.2 Two Antenna Solution (B3Tx and B5 Tx use different antennas)

This architecture uses two separate antennas for dual, simultaneous uplink operation. This architecture has disadvantage in terms of device form factor, but advantage in terms of insertion loss and interference between the two Tx signal. In this architecture, no diplexer is used for Tx path. And LPF and two transceivers are used as one antenna solution. 
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The IMD products can be generated in B5 Rx components such as LPF, SW and duplexer (DPX). The typical characteristic of each component from vendor A is shown in the following table. The amount of IMD products is also calculated in the table.
Table 4: Summary of Component Parameters and IMD2 Calculation (2 ANT case)
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The total amount of IMD products is minimized and the insertion loss (IL) in Band 5 can be up to 0.6dB due to the LPF.
3. Summary 
Example analysis for band 3 and band 5 CA with 2UL case was performed. Interference range of 2nd IMD products was calculated from the band frequency ranges. Two UE architectures were shown according to the antenna design and they showed different insertion loss.
For B3+B5 CA with 2UL device and also in low-high 2UL CA combination with IMD products can have relatively larger insertion loss (0.6~0.9dB) than 1UL CA (0.3dB) due to additional filters. So further discussion is necessary on the reference UE architecture and the IL value. Also the approaches to reduce IMD problem need to be agreed in RAN4 as stated in [1]. 
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