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1 Introduction

Current 3GPP specifications [1] do not permit an optimum usage of the TDD spectrum block in the 2.6GHz band without certain site-engineering solutions, especially when Base Stations are co-located. With the current specifications high decoupling between BS or guard bands, taken in the TDD and FDD spectrum blocks may be required.
The block edge mask defined by CEPT [2] and enforced within the European Union [3] allows to reduce the guard band requirements, and to minimize the effects on the FDD usable spectrum, but is not aligned with the 3GPP specifications.

This contribution presents an assessment of MCL, desensitization and guard band requirements using a direct interpretation of the 3GPP and ECC-BEM specifications, and proposes guidelines for the elaboration of out of bands emission and blocking requirements, allowing TDD and FDD BS coexistence in low decoupling situations (e.g. 30dB), with small guard bands requirements.
This proposal for more stringent requirements shall be considered as optional, and limited to the 2.6GHz band (bands 7 and 38); its applicability may be based on geographical considerations, and limited to wide area BS, where the problem is the most stringent. 

2 Current situation 
2.1 Out of bands emission

Figure 1 and Figure 2 are graphical representations of the current 3GPP requirements for emission masks and out of band emissions extracted from [1], for the TDD and the FDD band respectively. 

Document [1] includes 2 optional requirements applicable to co-existence and co-location situations. 

The absolute power density requirements specified in [1] are defined in view of allowing: 

· In the co-siting case: A maximum victim desensitization of 0.8 dB for a MCL of 30dB. The maximum power density allowed is -96dBm/100kHz

· In the co-existence case: a maximum victim desensitization of 0.8 dB for a MCL of 67 dB. The maximum power density allowed is -49dBm/MHz for co-existence with Band 7 FDD BS receiver and -52dBm/MHz for co-existence with Band 38 TDD BS receiver
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Figure 1: 3GPP and ECC-BEM spectrum mask and out of band requirements for the TDD band
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Figure 2: 3GPP and ECC-BEM spectrum mask and out of band requirements for the FDD band
The ECC-BEM described in [2] has been superimposed in these figures. The BEM specifies a maximum EIRP level. It has been converted to power density, taking the assumption of a total gain of 15dBi including BS antenna gain and cable loss.
The BEM is designed to allow coexistence in the conditions specified below:
· Separation distance: 100m 

· Maximum level for interference at victim receiver: Irx= -115dBm/MHz, corresponding to a I/N of -6 dB, assuming a noise figure of 5 dB
· BS effective antenna gain Grx = 15 dBi

· Increase in coupling loss due to macro BS antenna down tilt: 3dB per antenna.
· Path loss model: Free Space, reflecting the base station to base station paths for the relatively short distance
The compliance to the BEM is required in Europe by [3], unless specific agreement between operators is concluded. Such kind of agreement between operators being difficult to achieve in practice, it is expected that most operators in Europe with require the compliance to the BEM.

As a consequence, equipment sold in Europe will have to comply to both 3GPP Spectrum mask and  the BEM requirements. This is illustrated in Figure 3
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Figure 3: 3GPP and BEM combined
Table 1 is a compilation of the 3GPP and BEM specifications, presenting the required MCL and guard band needed, according to the co-location and co-existence situations. The acceptable BS receiver desensitization should be determined based on operator’s service objective. In this contribution, the 0.8 dB receiver desensitization that has been considered in the TS 36.104 is chosen as an example to derive the required MCL.
	Fulfilled Requirement 
	Required MCL (dB)
	Impacts

	Co-existence
	67†
	· 10 MHz guard band in FDD UL band (2560-2570 MHz)

· 10 MHz guard band in TDD (2610-2620)

	Co-siting


	30
	· 10 MHz guard band in FDD UL band (2560-2570 MHz)

· 10 MHz guard band in TDD (2610-2620MHz)

	BEM
	55
	· 5 MHz guard band in TDD (2615-2620 MHz)

· No GB needed in FDD


Table 1: Out of band emissions requirements and impacts

Note: † Section 10.2.1 in [4] considers a 288m BS separation,  13dB Tx antenna gain (including cable loss), 13 dB Rx antenna gain (including cable loss), and 6dB tilting loss

One can notice the large guard bands needed, both in the TDD and FDD bands.

2.2 Blocking

Figure 4 is a graphical representation of blocking requirements applicable to Co-location with other base stations ([1], §7.6.2), and Table 2 is an extract of table 7.6.2.1-1.

[image: image4.emf] 

10MHz

10MHz

2570

2620

CW +16dBm

FDD-UL

FDD-DL

CW +16dBm

TDD

10MHz

10MHz

2570

2620

CW +16dBm

FDD-UL

FDD-DL

CW +16dBm

TDD


Figure 4: Graphical representation of blocking requirements for co-located BS
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Table 2 : Extract of table 7.6.2.1-1 in [1]

These requirements apply to co-location and constitute the most stringent requirements for blocking. 
They are established on the basis of a 30dB coupling loss between BS for a desensitization of 6dB.
Note that:

1. Lower desensitization levels (e.g. <1dB) are more realistic operationally acceptable figures. Maximum interfering powers for other desensitization values can be derived using the assumption of a linear behavior of the receiver. For example, for a desired 0.8 dB degradation, the 16 dBm values have to be replaced with 4 dBm. Formula used is provided in footnote 1 
.
2. 10MHz guard bands have to be taken in the TDD band (2570-2580MHz) and in the FDD DL band (2620-2630 MHz)

3 Global budget
The global guard band requirements taking into account out of band emissions and blocking is described in Figure 5, showing guard bands requirements according to the 3GPP requirements on blocking on one side, and to the 3GPP Spectrum masks and ECC BEM requirements on the other side. 
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Figure 5: Guard band budget
Table 1 shows the required MCL and the desensitization values. The assumptions made on the BS for this assessment are:

· Maximum TX power of 46dBm 
· Noise figure : 5 dB

	
	Requirements fulfilled
	Required MCL (dB)
	Desensitization (dB)

	3GPP
	OOBE
	30 dB
	0.8 dB

	
	Blocking for co-location
	30 dB
	6 dB

	
	Blocking for co-location, extrapolation
	42 dB
	0.8 dB

	ECC/BEM+3GPP
	OOBE

(ECC/BEM does not include any blocking requirements)
	55 dB
	0.8 dB


Table 3: Conditions and impacts for guard bands budget in Figure 5
Note that some of the guard bands can probably be reduced. For example, the 2x10MHz on both sides of the TDD/FDD-UL frontier is probably not needed. The methodology used in this assessment is a direct application of the existing requirements.
3.1 Conclusion on the current situation
The analysis presented in this contribution reveals several issues regarding BS co-location and co-existence in the 2.6GHz band:

· The FDD band, when the TDD spectrum block is used, may not be usable in its entirety. 10MHz guard bands may be needed both on UL and DL. The BEM allows a reduction of these guard bands, but 10MHz in the FDD-DL block may still be needed, and at the expense of a higher MCL requirement
· Guard bands in the TDD band are also needed. Only 30MHz is usable according to the 3GPP specifications, 35MHz with the BEM, but with a higher MCL requirement.
· The required MCL (e.g., 55 dB)for acceptable desensitisations (e.g. 0.8 dB) may be achieved in the co-location scenario.
This paper focused on the BS Tx and Rx performance improvements required to allow FDD & TDD BS co-location and co-existence, and the UE Tx and Rx performance required to allow FDD & TDD UE co-existence is FFS.

4 Proposal
Based on these findings, it seems desirable to define and agree on requirements allowing satisfactory performance for the most common co-location and co-existence scenarios.

These requirements should be defined in view of minimizing the GB requirements in the TDD band. It is recommended that the GB be 5 MHz on each side of the TDD block, leaving 40MHz of spectrum usable for TDD.
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Figure 6: Summary of revised requirements (with 5MHz GB)
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� � EMBED Equation.3  ���, where � EMBED Equation.3  ���is the desired degradation, and � EMBED Equation.3  ���is the interference power corresponding to  the desired degradation � EMBED Equation.3  ���
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			Co-located BS type


			Centre Frequency of Interfering Signal (MHz)


			Interfering Signal mean power (dBm)


			Wanted Signal mean power (dBm)


			Type of Interfering Signal





			UTRA FDD Band VII or E-UTRA Band 7


			2620 – 2690


			+16


			PREFSENS + 6dB*


			CW carrier





			UTRA TDD in Band d) or E-UTRA in Band 38


			2570-2620


			+16


			PREFSENS + 6dB*


			CW carrier





			Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 7.2.1-1.





			NOTE 1: 
Except for a BS operating in Band 13, these requirements do not apply when the interfering signal falls within the uplink operating band or in the 10 MHz immediately outside the uplink operating band.
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