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I. Introduction 

For the macro cell scenario, the main interferences for co-location and co-existence between UTRA-FDD and UTRA-TDD are from BS to BS. The interference analysis between BS to BS has been taken into account in the FDD and TDD specifications TS25.104 and TS25.105, also in the technical report TR25.942. 

The interference from Wide Area BS to Local Area BS for co-location and co-existence between UTRA-FDD and UTRA-TDD  has also been taken into account in the definition of BS transmitter spurious emissions and receiver blocking characteristics for both UTRA-FDD and UTRA-TDD.

For macro cell scenario, the interference from FDD UE to  TDD BS or from TDD UE to FDD BS did not appear to be a serious problem, since the BS to UE MCL for macro cell scenario is big enough (MCL(70 dB). But for micro cell scenario (MCL(53 dB) and pico cell scenario (MCL(45 dB), the interferences from FDD UE to TDD BS or from TDD UE to FDD BS becomes non negligible, even critical at the adjacent frequency 1920 MHz between FDD and TDD.  

The objectives of this paper are to analyse the possible interferences from FDD UE to TDD BS and from TDD UE to FDD BS for the micro cell and pico cell scenarios, also to propose the possible way forward in order to reduce or overcome these potential interferences between (FDD/TDD) BS and UE.
II. Micro Cell Scenario

As indicated in the figure 1, in a micro cell scenario, the base station antenna is installed below the average roof top, the BS to UE MCL for micro cell scenario was agreed as 53 dB.

When FDD BS and TDD BS are deployed in the same geographical area, some of the FDD BS and TDD BS can be co-located, but many of them are not co-located. 
II.1. TDD UE to FDD MR BS interference

In the case of co-existence where the FDD BS and TDD BS are not co-located, There is strong probability that the TDD UE transmits at its maximum at the locations very near to FDD Medium Range BS, especially when the UE is at the cell edge of the TDD micro cell. The UE maximum power of 24 dBm is used for the analysis of the blocking effect to the FDD Medium Range BS.

The interference signal level received at the FDD Medium Range BS can be evaluated as

I_level = UE_Tx_Power (24 dBm) – MCL (53) = - 29 dBm


(1)

The out of band blocking performance for Medium Range BS in the TDD frequency band 1900-1920 MHz is defined in TS25.104[1] as –35 dBm, an additional isolation of

 



-29 dBm – (-35 dBm) = 6 dB 

is required in order to avoid the blocking effect to the FDD Medium Range BS due to TDD UE emission. 

For FDD Medium Range BS operating at the adjacent frequency 1922.4 MHz, and TDD UE transmitting at 1917.4 MHz, the adjacent channel selectivity (ACS) of the FDD Medium Range BS is defined as –42 dBm, in this case, the required additional isolation is of 

-29 dBm – (-42 dBm) = 13 dB    

On the downlink direction, suppose the FDD Medium Range BS transmits at the maximum power of 33 dBm, the received signal level at the TDD UE is 33 dBm – 53 dB = -20 dBm. The TDD UE out of band blocking level in the FDD downlink frequency band 2110-2170 MHz is specified in TS25.102 [4] as –15 dBm. There is no risk for TDD UE being blocked by the emission of FDD MR BS.

II.2. FDD UE to TDD LA BS interference

Similar assumptions are used for the evaluation of interference from FDD UE to TDD LA BS:  a) The FDD UE maximum Tx power is of 24 dBm; b) The BS to UE MCL is of 53 dB; c) TDD Local Area BS Tx power for micro cell application is supposed to be 33 dBm.

The out of band blocking performance for TDD Local Area BS in the FDD uplink frequency band 1920-1980 MHz is defined in TS25.105[2] as –30 dBm. From the equation (1) above, only 1 dB additional isolation is required for avoiding the blocking effect on TDD Local Area BS due to FDD UE emission in micro cell scenario.

The TDD Local Area BS ACS is specified as –38 dBm. In case of FDD UE transmitting at the border channel 1922.4 MHz, and TDD LA BS is receiving at 1917.4 MHz, the additional isolation required is of 

-29 dBm – (38 dBm) = 9 dB 

In the same way for the evaluation on downlink interference from TDD LA BS to FDD UE over the TDD transmission band 1900-1920 MHz, since the FDD UE out of band blocking level in the frequency band 1900-1920 MHz is defined in TS25.101 as –15 dBm, so there is no risk for producing the blocking effect to FDD UE due to TDD LA BS emission.  

III. Pico Cell Scenario

In an indoor pico cell, if only TDD Local Area BS is installed in pico cell scenario without installing the FDD LA BS in same building, the FDD UE located near to the TDD LA BS antenna will transmit at its maximum power, since it is linked to the outdoor FDD macro cell or micro cell.

In the following analysis, The BS to UE MCL for pico cell scenario is of 45 dB, interferer UE (FDD or TDD) maximum transmitting power is of 24 dBm, the Local Area BS (FDD or TDD) Tx power of 27 dBm  is supposed. 

III.1. TDD UE to FDD LA BS interference

In the case of TDD UE transmitting at its maximum power at location near to the FDD LA BS antenna, the receiving interference level at FDD LA BS is

I_level = UE_Tx_Power (24 dBm) – MCL (45) = - 21 dBm


(2)

The out of band blocking level for FDD Local Area BS in the frequency range 1900-1920 MHz is defined in TS25.104[1] as –30 dBm. For avoiding the blocking effect of the FDD LA BS, an additional isolation of 9 dB is required.

In case of TDD UE transmitting at the border channel 1917.4 MHz and FDD LA BS receiving at the carrier 1922.4 MHz, the FDD LA BS ACS is specified in TS25.104 as  -38 dBm, the required additional isolation is of 17 dB.

In downlink direction, the FDD LA BS transmits at 27 dBm in the FDD downlink frequency band 2110-2170 MHz, the received interference level at TDD UE is 27-45=-18 dBm, by considering that the TDD UE out of band blocking  level in the FDD downlink frequency range 2110-2170 MHz is specified as –15 dBm, there is no risk of potential interference and blocking effect to TDD UE due to FDD LA BS emission.

III.2. FDD UE to TDD LA BS interference

Very similar to the calculations in the above section,  The TDD LA BS out of band blocking level in the frequency range 1920-1980 MHz is defined as –30 dBm, For avoiding the blocking effect of the TDD LA BS, an additional isolation of 9 dB is required.

TDD LA BS ACS is specified as –38 dBm, at the border frequency channel, the required additional isolation is of  –21 dBm-(-38 dBm) = 17 dB.

Since the FDD UE out of band blocking level in the frequency range 1900-1920 MHz is of –15 dBm, so there is no risk of producing FDD UE blocking effect due to the TDD LA BS emission. 

IV. Way Forward

This paper has analysed the potential interferences from TDD UE to FDD BS and from FDD UE to TDD BS in micro cell and pico cell scenarios. Due to the small BS to UE MCL values for micro cell and pico cell scenarios, additional isolations are required in order to avoid the potential interference and blocking effects to BS. The required additional isolations are summarized in the table below. 

	Table 1. Required additional isolation


	TDD LA BS
	FDD MR BS
	FDD LA BS


	Out of band blocking protection
	9 dB
	6 dB
	9 dB


	ACS protection
	17 dB
	13 dB
	17 dB



· Further study is needed on the possible solutions in order to reduce or overcome these interference problems for the co-existence of UTRA-FDD and UTRA-TDD in micro cell and pico cell scenarios.  Below are the list of possible solutions for further study :

· Tighten the FDD MR BS out of band blocking requirement in the range of frequencies 1900-1920 MHz

· Tighten the FDD LA BS out of band blocking requirement in the range of frequencies 1900-1920 MHz

· Tighten the TDD LA BS out of band blocking requirement in the range of frequencies 1920-1980 MHz  

· Use external filter on FDD or TDD BS side to improve the BS out of band blocking performance

· Co-locate FDD and TDD BS in micro cell or pico cell scenarios to reduce the UE transmitting power by the serving cell power control. But the co-location of FDD and TDD BS needs appropriate interference prevention solution for reducing the BS to BS interference, especially at the adjacent frequency 1920 MHz.                            
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Figure 1: Micro cell scenario
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