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1 Introduction
In this document, we consider the impact of self interference caused by the transmitter OOBE emissions (or leakage) into the receiver chain resulting in a reduction of receive sensitivity or desense. We also explore the required Tx to Rx duplexer isolation needed for both a mobile and fixed (CPE/ WLL) terminal based on the ITU/CITEL 450 band frequency arrangements [1]
2 Background

From [1], following ITU and CITEL recommendations, the D10 frequency arrangement of Recommendation ITU-R M.1036-4 (451-458 MHz uplink, 461-468 MHz downlink) being considered in Brazil is shown in Table 2-1.
Table 2-1: D10 frequency arrangements in the band 450-470 MHz

	Frequency arrangements
	Mobile station
transmitter (MHz)
	Centre gap   (MHz)
	Base station
transmitter (MHz)
	Duplex separation (MHz)
	Un-paired spectrum 
(e.g. for TDD) (MHz)

	D10
	451.000-458.000
	3.0
	461.000-468.000
	10
	None


In Brazil [1], the focus is to meet the challenges of broadband service delivery in rural and suburban areas.  The solution, called “LTE 450 MHz,” is planned to increase coverage, offer higher data rates (up to 25 Mbps in download and 12.5 Mbps in upload), consisting of all-IP architecture and lower latency, and better performance when compared with current 3G technologies.  In Brazil, the Centre for Research and Development (CPqD),
 is developing a user terminal that transfers the signal to Wi-Fi, so it can be used with the Wi-Fi equipment available on the market today
3 Operating band and channel bandwidths 
In order to address the goals of increased coverage and high UL/DL data rate the focus of our investigation is to study 3MHz and 5MHz channel bandwidths in-line with objectives in [2], although it is not clear if a 3MHz LTE channel can meet the expected UL/DL broadband data rates in [1]. Figure 3-1 shows an example band plan for the purpose of this study which maintains the 3MHz duplex gap and 10 MHz Tx –Rx duplex separation as per ITU/CITEL frequency arrangement D10
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Figure 3-1: Band plan based on D10 frequency arrangements 
This channel arrangement has been chosen to minimize the impact of duplex filter roll-off at the edge of operating band and also provide some guard band to adjacent services which is a problem 
4.0 
Assumptions 
For our analysis we considered the following Tx /Rx configuration as shown in Figure 4-1 
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Figure 4-1: Tx – Rx configuration
In our self –interference analysis we assume; 

· Same maximum UL and DL channel bandwidth 

· Full resource block (RB) allocation is being received in the DL as per RAN4 assumptions

· RB allocation is being transmitted starting from worst channel edge in the UL as per RAN4 assumptions

· Tx –Rx duplex spacing of 10MHz as per ITU D10 frequency arrangement (although we study a 12MHz option)
· UE is transmitting at maximum power (23 dBm) 

· PA PSD simulation of spectrum as per Annex B assuming 33dB UTRA ACLR
· LO and Image of -28dBc as per RAN4 assumptions 

· Duplex filter Tx to Rx isolation of 50dB (mobile) and 80dB (CPE) as per Annex A
· Transmitter to diversity antenna port isolation of 6 dB ((mobile) and 10-15dB (CPE/ WLL) 
· Desense is referenced to Rx main antenna port only
5.0 Tx-Rx duplex isolation 

The ITU/CITEL D10 frequency arrangement will be extremely challenging to provide the necessary Tx-Rx duplexer isolation so as to avoid receiver self interference due to the small duplex gap (3MHz) and reduced Tx-Rx spacing (10MHz).  In this section we look at the impact of full RB and partial RB allocated to UL transmitter, noting a partial RB will reduce the peak throughput at the edge of the 450MHz cell coverage.  
a) Full RB allocation for 3MHz (maximum 15 RB) and 5MHz (maximum 25 RB) channel bandwidth 
 Figure 5-1 shows the Tx–Rx duplexer isolation needed for main receiver for the allowed maximum UL transmission configuration.
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Figure 5-1: channel bandwidth / Duplex Tx-Rx isolation / Rx self desense
Figure 5-1: channel bandwidth / Duplex Tx-Rx isolation / Rx self desense

These results for the needed Tx -Rx duplex isolation are summarized in Table 5-1 for the 1dB and 3dB desense case 
Table 5-1: Tx -Rx Duplex isolation
	Channel bandwidth
	RB allocation (RB)
	Tx -Rx Duplex  isolation for

	
	
	 1dB desense 
	3 dB desense 

	3MHz
	15
	78 dB
	77 dB

	5MHz
	25
	85 dB
	82 dB


Observations;
· This analysis only considers the impact on the main Rx1 port.  Results taking into account the Rx2 diversity port, will be expected to be better, however, the improvement in a real deployment may be limited by the smaller isolation (6dB) for Tx –Rx2 (diversity port) in a typical hand-hand usage due to hand and body coupling. 
·  In the case of a fixed device or CPE/WLL we could expect to see much larger isolation for the Tx –Rx2 (diversity port) due to the larger form factor and also lack of hand/body coupling effects. 
· Our studies have considered a CDMA 450MHz sub band A duplexer filter – see Annex A. This SAW filter can only provide a 30dB at the band edge and did not provide the expected 45- 50dB of isolation used in RAN4 assumptons - see figure 5-2 for 3MHz channel bandwidth case.

· A ceramic duplexer filter should be able to offer a 80dB+ Tx-Rx isolation – see Annex A. However, this filter would not be suitable for a handset form factor due to its larger size and therefore would be more applicable for a CPE/ WLL type terminal - see Figure 5-3 for 5MHz channel bandwidth with tighter Tx-Rx filter performance.
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Figure 5-2: Typical CDMA 450 sub-band-A SAW              Figure 5-3: Ceramic duplexer performance 
b) Partial RB allocation for 3MHz and 5 MHz channel bandwidth 
If the UL transmitted configuration is reduced by limiting the number of UL resource blocks (RB) then the Tx noise and OOBE into the Rx band will be expected to decrease. Table 5-2 shows the reduction in RB needed to meet a 1dB desense criteria for the Rx sensitivity assuming 50 dB of Tx – Rx duplex isolation with Tx- Rx spacing of 10 MHz 

Table 5-2: UL configuration for RFSENS with Tx- Rx spacing of 10 MHz
	Channel bandwidth 
	Maximum UL (RB)
	RB allocation (RB) for 1 dB desense

	3MHz
	15
	6 RB

	5MHz
	25
	5 RB


This indicates that reducing the Tx RBs allocations at maximum power to 5/6RB would limit the desense impact of the receiver sensitivity to 1dB at the expense of reduction in the UL peak throughput in the case only 50dB can be expected for the Tx –Rx isolation 
c) Alternate Tx –Rx duplex spacing
One alternative to reduce the required Tx –Rx isolation would be to increase the 10MHz Tx – Rx duplex spacing from that defined in the ITU/CITEL D10 frequency arrangement. In this non standard solution the Tx- Rx duplex spacing can be increased as follows;

· 11 MHz  for a 3 MHz FDD channel 

· 12 MHz  for 5 MHz FDD channel as shown below in Figure 5-4
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Figure 5-4: Tx – Rx duplex spacing (10MHz & 12MHz)

This revised Tx - Rx duplex spacing will increase the duplex isolation and allow an increase in the Tx RB allocations as shown in Table 5-3 (assuming 50dB Tx-Rx isolation) but would not be aligned with the D10 frequency arrangements. 
Table 5-3: UL configuration for RFSENS with Tx- Rx spacing of 11 & 12 MHz

	Channel bandwidth 
	Max. Tx -Rx spacing (MHz)
	Maximum UL configuration (RB)
	RB allocation (RB) for  1dB desense

	
	
	
	

	3MHz
	11
	15
	6 RB

	5MHz
	12
	25
	7 RB


6
Conclusions
Preliminary results of our investigation show; 

1. The combination of narrow duplex gap (3MHz) and small Tx- Rx channel spacing (10MHz) will require an extremely high Tx –Rx isolation to avoid self interference for full UL RB allocation. 

2. It will be difficult to achieve the high Tx- Rx duplex isolation in a SAW filter used for handset application but can be more readily achieved in a ceramic duplex filter more commonly used for fixed or CPE/ WLL/ WI-FI distribution type applications.
3. Supporting a 3MHz channel band plan will result in less internal guard band due to the reduced Tx-Rx isolation at the band edge of the SAW filter. Also the use of a 3MHz channel may not meet the expected broadband service delivery.
4. Supporting a 5MHz channel band plan will result in more internal guard band; however the required Tx-Rx   isolation is still significant. 

5. A CDMA sub-band A SAW filter used in our analysis may not be able  to provide the required Tx – Rx isolation for both 3MHz and 5MHz channel bandwidth without significant desense. Further data is needed on SAW duplexers optimised for LTE450 deployment.
6. A ceramic duplex filter can meet the required Tx-Rx isolation and would result in less than 1dB desense, but the size of such a device would require fixed or CPE/ WLL type deployment. However, this deployment can meet the expected service delivery in terms of peak UL/DL throughput.

7. A larger Tx –Rx duplex spacing than that defined in ITU/CITEL frequency arrangement D10 can help to improve the Tx –Rx isolation particular for the 5MHz channel bandwidth case. 

8. If the UL transmitted configuration is reduced by limiting the number of UL resource blocks (RB) then the Tx noise and OOBE into the Rx band will be expected to decrease. However, the UL throughput will be significantly reduced with this solution as only 5-6 resource block will be available compared to the maximum 15/25RB at maximum transmit power. This reduction in the allowed UL resource block may not meet the expected broadband service delivery in terms of peak UL/DL throughput.
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Annex A:
Duplexer performance (SAW, Ceramic)

a) Reuse of CDMA A Band SAW Technology
· SAW duplexer can provide 50dB Tx to Rx isolation over temperature but suffers from poor isolation at band edges.  
· This SAW filter is approximately 5mm x 5cm x 1.35mm.  
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b) Ceramic duplex filter 
· Ceramic duplexer can provide over 80dB Tx to Rx isolation 
· This ceramic filter is approximately 18cm x 3cm x 1.8cm.  
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Annex B:
PA simulations 
3MHz 1RB allocation and 15RB PA spectrum simulations
LO leakage = -28dBc, Image = -28dBc

For a 3MHz channel the red line is the noise floor in a 100 kHz bandwidth assuming a 50dB duplexer, since the 3rd and 5th IM spurs fall in the duplex gap there is lots of margin to 7th IM spurs.  The red line represent a 3dB desense reference line. 

[image: image11]
5MHz 1RB and 25 RB allocation PA spectrum simulations
LO leakage = -28dBc, Image = -28dBc
The red line is the RX noise floor in a 100 kHz bandwidth assuming 50dB of TX-RX duplexer isolation.   
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� Up until 1998, CPqD was the Centre for Research and Development of Telebras. In 1998, Telebras was privatized and CPqD became a private foundation. CPqD, Histórico, 2012, available at �HYPERLINK "http://www.cpqd.com.br/o-cpqd/historico.html"�http://www.cpqd.com.br/o-cpqd/historico.html�.





