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1.
Introduction

The potential issues on Passive Intermodulation (PIM) for Multi-Standard Radio (MSR) non-contiguous (NC) Base Station (BS) were discussed in the previous RAN4 meetings [1, 2]. RAN4 was asked to address the PIM issues for the MSR NC work. And a Study Item proposal was submitted to RAN#52 to address the PIM issues from a broader BS site and infrastructure viewpoints [3].

In this paper, we investigate the impact of PIM products caused by multi-carriers transmission in MSR NC BS to the BS receiver, both in turn of real-life network deployment and standards requirement / testing.
2.
Discussion
2.1
Potential Causes of PIM
Antenna PIM is caused by the mixing of multiple transmit signals in non-linearity in the antenna path. Non-linearity may be caused by dissimilar metals used in the construction of antenna systems as well as discontinuities in radio frequency (RF) connectors. Non-linearity may also be caused by imperfections in the antenna path such as loose connections, kinked coaxial cable, or water intrusion. PIM falling within the BS receive band cannot be filtered and will pass directly into the receiver front end and may cause receiver desensitization. To prevent receiver desensitization, in-band PIM interference should be limited to less than 10 dB below the receiver noise floor.
PIM is measured as the ratio in power levels between the distortion signal and the input signals in units of dBc. Although an antenna industry PIM standard has not yet been defined, 2 tones @ 43 dBm generating no greater than -150dBc 3rd order PIM products has become the de facto performance target. Also a 1 dB change in the input signals’ power will result in a 3 dB change in 3rd order PIM products. Likewise a 1 dB change in input signals’ power will result in a 5 dB change in 5th order products, and a 7 dB change in 7th order PIM products. In general, 5th order products will be 15 dB less than 3rd, and 7th order products will be 21 dB less than 3rd. For this reason, 3rd order products are considered the most damaging to wireless systems, while the higher order PIM products are generally less damaging. Therefore, we will focus our investigation on the 3rd order PIM products caused by mixing of multi-carriers in the MSR NC BS.

2.2
PIM for MSR NC BS
The MSR paired operating bands currently defined in the 3GPP standards are provided in Table 1 below [4]:

Table 1: MSR paired bands

	MSR and E‑UTRA Band number
	UTRA
Band number
	GSM/EDGE

Band designation
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Band category

	1
	I
	-
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	1

	2
	II
	PCS 1900
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	2

	3
	III
	DCS 1800
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	2

	4
	IV
	-
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	1

	5
	V
	GSM 850
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	2

	6(1)
	VI
	-
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	1 (1)

	7
	VII
	-
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	1

	8
	VIII
	E-GSM
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	2

	9
	IX
	-
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	1

	10
	X
	-
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	1

	11
	XI
	-
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	1

	12
	XII
	-
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	1

	13
	XIII
	-
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	1

	14
	XIV
	-
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	1

	15
	XV
	-
	Reserved
	
	
	Reserved
	
	
	

	16
	XVI
	-
	Reserved
	
	
	Reserved
	
	
	

	17
	-
	-
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	1 (2)

	18
	-
	-
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	1 (2)

	19
	XIX
	-
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	1

	20
	XX
	-
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	1

	21
	XXI
	-
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	1

	23
	-
	-
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	1(2)

	24
	-
	-
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	1(2)

	25
	XXV
	-
	1850 MHz 
	–
	1915  MHz
	1930 MHz 
	–
	1995 MHz
	1

	NOTE 1:
The band is for UTRA only.

NOTE 2:
The band is for E-UTRA only.


Not that the 3rd order PIM for a BS transmitting multi-carriers in an operating band is limited by the frequency range from (2* FDL_low.- FDL_high) to (2* FDL_high.- FDL_low). Therefore, the PIM would only fall within the BS receive band when the bandwidth of the band (FDL_high - FDL_low) is larger than its duplex distance (FDL_low.- FUL_high or FUL_low.- FDL_high depends on the duplex arrangement). It can be seen from Table 1 that Bands 2, 3, 5, 7, 8, 12, 20 and 25 belong to this group with potential PIM distortion.  Furthermore, among this group of operating bands, the PIM would only fall within the BS receive band when the RF bandwidth of the BS is larger than half of the transmit-receive (TX-RX) separation of the band (FDL_low.- FUL_low or FUL_low.- FDL_low depends on the duplex arrangement). The MSR paired bands and the corresponding BS RF bandwidth which could result in PIM distortion in the BS receiver are summarized in Table 2 below.

Table 2: MSR paired bands with potential PIM distortion
	MSR Band number
	Lower 3rd order PIM limit (MHz)
	Higher 3rd order PIM limit (MHz)
	BS RF bandwidth (MHz)

	2
	1870
	2050
	> 40

	3
	1730
	1955
	> 47.5

	5
	844
	919
	> 22.5

	7
	2550
	2760
	> 60

	8
	890
	995
	> 22.5

	12
	712
	763
	> 15

	20
	761
	851
	> 20.5

	25
	1865
	2060
	> 40


2.3
Possible Remedies for PIM
For MSR NC BS deployment, the transceiver(s) of the multi-carriers would typically share a common antenna system. When MSR NC BS for multi-carriers share the same antenna, operators should ensure the 3rd order PIM generated by BS antenna path (including antennas, cables and connectors) and caused by multiple transmit carriers do not fall into the BS receive band and result in BS receiver desensitization. As we discussed in the previous section, PIM distortion would arise when MSR NC BS are deployed in the bands listed in Table 2. Below we describe some possible remedies to prevent the PIM distortion:

1. Limit the BS RF bandwidth to be lower than the one which would cause PIM distortion as given in Table 2. This will ensure the PIM products will not fall into the BS receive band.
2. Use separate antenna elements for the transmitter and receiver. This could be done with the higher frequency bands using state-of-the-art Adaptive Active Antenna (AAA). With the performance target of current antenna system and the extra coupling loss between the transmitter and receiver antenna elements, the PIM products should be low enough in level that they would not cause BS receiver desensitization.
3. Use separate transmitter chains and antenna elements for transmitting the multi-carriers within the BS RF bandwidth. This technique could also be used for load balancing between the multiple transmit antennas of a BS.
4. Ensure the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause BS receiver desensitization
2.4
Standards Requirements / Tests with PIM
Currently, all BS RF requirements / tests in the 3GPP standards are applied to each transmitter / receiver antenna connector. This is clearly stated in the following sections of TS 37.104 [4]:

<Extraction from TS 37.104>

6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector. 

<Next section>

7.1
General

The requirements in clause 7 are expressed for a single receiver antenna connector. For receivers with antenna diversity or in case of multi-carrier reception with multiple receiver antenna connectors, the requirements apply for each receiver antenna connector.

<End of extraction>
Since the antenna system is not included in the scope of the existing BS RF requirements / tests, the generation of PIM in the antenna system will not be observed in the current standards requirements / tests. Therefore, the existing requirements / tests in the standards should not be affected by the PIM issues. However, it could be further discussed whether there is necessity to define some new requirements / tests to cover the possible PIM issues arise from real-life network deployment with various antenna systems.
3.
Conclusions

In this paper, we have investigated the impact of PIM products caused by multi-carriers transmission in MSR NC BS to the BS receiver, both in turn of real-life network deployment and standards requirement / testing. We have shown that the 3rd order PIM products caused by mixing of multi-carriers with certain large RF bandwidth in some bands will fall within the BS receive band causing receiver desensitization; and we have provided some possible remedies for preventing the PIM distortion in the BS receiver. Moreover, we clarified that the PIM issues should not have impact on the existing BS RF requirements / tests specified in the standards.
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