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1. Introduction

There has been considerable work done on this subject (and on related issues) recently.  A number of contributions presented to the last RAN WG4 meeting (TSG RAN WG4 #34 Phoenix USA) covered the impact of the use of onboard GSM systems on terrestrial networks.  The results of the discussion (doc R4-050253) concluded that the scope for RAN was the following:

1) What is acceptable interference permitted to terrestrial UMTS FDD UEs, TDD Node B and UE; 

2) What is the corresponding Multiple Interference Margin applicable in scenarios of multiple aircraft;

3) Maximum received signal strength from Node Bs at the aircraft fuselage. 

The results of this work have been reported to ETSI MSG in a liaison statement. 

This document looks further into the 3 areas of RAN involvement and proposes areas of work reflecting the expertise coming from the RAN Group together with some suggestions for undertaking this work.

2. Discussion 

2.1 Acceptable interference permitted to terrestrial UMTS FDD UE, TDD Node B and UE. 

It has been proposed by various contributors that the terrestrial BTS/Node B noise floor limit, including the associated noise figure, should be used as the absolute highest level that systems can be designed to comply with. When this work was presented at the last meeting we were referred to the RF system scenarios report TR 25.942 whose approach is in line with those used for simulations modelling.

Therefore the theoretical absolute minimal noise in a receiver is constituted by thermal noise only, given as:

Pn = k T B 

where Pn is the noise power (in watts), T is the temperature (in Kelvin), B is the (noise) bandwidth of the receiver and k is the Boltzmann constant (1,38x10-23 joule/K).

Taking temperatures T = 290 K, this equates to:



Pn (dBm) = -174 dBm / Hz

Taking the reference point of the node B’s antenna “antenna connector” the associated noise figure that was  proposed as a working assumption for RAN4 in meeting #33 was 4 dB (the same figure proposed as a working assumption for GSM systems in GERAN WG1). For terminals, the corresponding noise figure proposed was 7 dB. However an analysis of the current version of TR25.942 v6.4.0 quotes a noise figure of 5dB and 9 dB for the Node B and UE respectively. It is evident that differing values have been quoted at various times which reflect the developing maturity of the UMTS system, e. g. those values currently being discussed in RAN and the values used for the scenario simulations in TR25.942. This contribution proposes to use the current typical values quoted by operators. In order for the current operator proposed values to be recorded in TR25.942 it is considered that a new section (section 16) be introduced into the document. OnAir asks if this approach will be acceptable to the group.

Using the more recent proposed parameters (4 dB and 7 dB) the following provides the values for terrestrial UMTS components of:

· Noise floor value of terrestrial Node B = -170 dBm/Hz;

· Noise floor value of terrestrial UMTS UE = -167 dBm/Hz.

Finally there has been some debate as to what constitutes acceptable additional interference, that can be tolerated by a terrestrial networks. Referring to all previous contributions, both in RAN and GERAN, on this subject it would appear that the value of 1dB is seen as reasonable in an interference limiting environment.

Given that a 1dB tolerance is equal to I = N-6 (where I is the interfering signal and N the current ambient noise) this provides the following acceptable terrestrial interference levels in interference limited environments (i.e. rural cases) for terrestrial UMTS components of:  

· Interferer value accepted for terrestrial Node B = -176 dBm/Hz;

· Interferer value accepted for terrestrial UMTS UE = -173 dBm/Hz.

In summary the following values indicate the limiting interference for a terrestrial system:  

	Terrestrial system
	UMTS BS Rx
	UMTS UE Rx

	kTB/Hz (dBm)
	-174
	-174

	Noise factor (dB)
	4
	7

	N/Hz (dBm)
	-170
	-167

	Channel size WCDMA (3.84 MHz) dBm
	-104
	-101

	Channel size WCDMA (1.28 MHz) dBm
	-109
	-106


	Permitted Noise increase (dB)
	1
	1

	I/Channel for WCDMA / 3.84 MHz (dBm)
	-110
	-107

	I/Channel for WCDMA / 1.28 MHz (dBm)
	-115
	-112


If these figures are agreed then it is proposed that they should be added to TR 25.942, and a proposed section 16 for that document is included as Annex A. 

If agreed OnAir will draft the relevant change request to the TR 25.942.

2.2  What is the corresponding Multiple Interference Margin applicable in scenarios of multiple aircraft.

There was much discussion in the RAN # 34 meeting concerning the effects of multiple aircraft. The following provides a further analysis of the situation:

In order to calculate the respective multiple interference margin we need to understand the environment at altitude. In effect there are two sets of cumulative calculations that need to be taken into account, the first is the onboard BTS component’s (comprising of a network control unit (NCU) and the airborne connectivity part) effects to the ground MSs. The second calculation is the effect of aircraft MSs (MSac) to the ground BTSs (BTSg).  Figure 1 shows the various considerations that need to be taken into account.
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Figure 1: Overview of the multiple aircraft environment

The considerations include.

· The number of aircraft, and their relative position and altitude at a busy time in a congested air space environment (i.e. around an airport).

· The RF characteristics of each aircraft, including but not limited to: aircraft attenuation; position, altitude and direction of each aircraft; aircraft antenna characteristics; 

· Mobile station distribution in the aircraft, signal propogation in the cabin;
· Number of mobiles actually in communication;  

· The associated BTS/Node B antenna gain (including agreed 3 dimensional terrestrial BTS antenna gain characteristics (i.e. both horizontal and vertical planes)).

It is evident that in order to understand the effects of multiple aircraft, a detailed simulation/ modelling of the multi aircraft environment is required. Given that the CEPT group SE7 is undertaking the very same task, it is proposed that RAN does not actually calculate a multiple aircraft margin, but verifies the work done by SE7.

It is also proposed that RAN highlights both in the relevant specifications or technical report and in any communication with external groups that the effects of multiple aircraft must be taken into account and that the figures provided in section 2.1 reflect the cumulative effects of all interferers in a system and not to single entities.

2.3 Maximum received signal strength from Node Bs at the aircraft fuselage

In the discussions in RAN # 34 it was noted that in the absence of agreed information concerning the attenuation of aircraft a value should be quoted for the aircraft fuselage as a substitute. 

Whilst this would appear a logical step, the assumptions reaching this value are very specific. The value quoted relates to an aircraft in the same horizontal line of the BTS, at a particular angle (72 degrees) flying at a specific altitude (3000 metres).

Without a detailed study, any figures proposed as official comments from RAN become meaningless. Given that the same analysis is required in SE7, it is again proposed that the work should be completed by SE7 with RAN just verifying the output of the work.  This work can then be referred to as official RAN comments.

3. Conclusion

RAN 4 is asked to agree the following values to indicate the limiting interference values for a terrestrial system for in-channel interferers:

	Terrestrial system
	UMTS BS Rx
	UMTS UE Rx

	kTB/Hz (dBm)
	-174
	-174

	Noise factor (dB)
	4
	7

	N/Hz (dBm)
	-170
	-167

	Channel size WCDMA (3.84 MHz) dBm
	-104
	-101

	Channel size WCDMA (1.28 MHz) dBm
	-109
	-106


	Permitted Noise increase (dB)
	1
	1

	I/Channel for WCDMA / 3.84 MHz (dBm)
	-110
	-107

	I/Channel for WCDMA / 1.28 MHz (dBm)
	-115
	-112


The agreed figures/approach should be then added to TR 25.942. As required, OnAir will draft the relevant change request to the identified standard/technical report.

It is also proposed that in any liaison statements to external bodies RAN highlights that the figures proposed above are the agreed values in interference limiting cases of a UMTS system. It should be noted that the effects of multiple interferers will have to be evaluated when deciding if the complete airborne system (comprising of several aircraft) causes unacceptable impacts to the terrestrial UMTS networks irrespective of the frequency used.

Annex A Proposed new chapter for TR 25.942
16
Characteristics of terrestrial UMTS cellular systems for interference analysis
The following provides an update on more typical values used by operators for the noise levels that their radio equipment can tolerate without disrupting operations. The information here does not invalidate the finding of the simulations presented previously but merely reflects more accurately the parameters of the more mature radio systems now in use.

Table 16.1 Typical Noise limiting figures for terrestrial UMTS networks
	Terrestrial system
	UMTS BS Rx
	UMTS UE Rx

	kTB/Hz (dBm)
	-174
	-174

	Noise factor (dB)
	4
	7

	N/Hz (dBm)
	-170
	-167

	Channel size WCDMA (3.84 MHz) dBm
	-104
	-101

	Channel size WCDMA (1.28 MHz) dBm
	-109
	-106


Table 16.2 Typical acceptable interferer values for terrestrial UMTS networks in noise limiting environments 
	Permitted Noise increase (dB)
	1
	1

	I/Channel for WCDMA / 3.84 MHz (dBm)
	-110
	-107

	I/Channel for WCDMA / 1.28 MHz (dBm)
	-115
	-112
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