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Introduction

This contribution is concerned with the format into which minimum antenna performance requirements could be introduced in the MS specification TS 45.005 being aligned with the UE specification TS 25.101. 

An equivalent proposal has been submitted to RAN4#36 [R4-050904]. It is proposed to await the outcome of RAN4 on how to specify before progressing this in GERAN. This input is thus for information, and to allow any concerns and comments to be expressed at an early stage.

A general method for measuring antenna efficiency and appropriate performance metrics have been devised by COST 273 (commissioned by RAN4), and are captured in a TR (the latest version in [1]). The next step for RAN4 is to decide on how the performance metrics should be introduced in the abovementioned specification. The proposed metrics are the Total Radiated Power (TRP), the Total Radiated Sensitivity (TRS) and the Mean Effective Gain (MEG) on both the transmitter and receiver sides. Agreed values of all these are still TBD. 
A phased approach is suggested wherein the TRP (transmitter) and TRS (receiver) requirements are introduced first. The format of the requirements could be very similar to those of the maximum output power and the sensitivity requirements, respectively.    
Introducing antenna requirements: TRP and TRS as the first step
There are still open issues about the MEG metric so it is proposed to introduce the TRP and TRS (Total Radiated Sensitivity) first. These two latter parameters can then be replaced by MEG on the transmitter and receiver sides, respectively. Note that the measurement method would be the same, MEG values are obtained by post-processing TRP measurement values. 

The TRP value is the average of the MS radiated power taken over the complete sphere. Requirements can be specified both for the free-space case and with MS positioned in a talk position with respect to a measurement phantom. Hence one may assess the amount of radiated power in the presence of a user taking into account mismatch and antenna losses.   
The TRP should be specified much like the maximum radiated power in Section 4.1 of TS 45.005 (Section 6.2 of TS 25.101), with requirements for different Power Classes and operating bands. A proposed format is shown in the last section below, which is based on an excerpt from TS 45.005 v 7.1.0. The TRS requirement is introduced much like the sensitivity requirements in Section 6.2 of TS 45.005 (Section 7.3 of TS 25.101). 
Note that we do not explicitly put any requirements on the antenna efficiency, which would also include a characterization of the power at the antenna port and hence increase the measurement uncertainty (the efficiency a quotient of two measured values).  
MEG concepts later on

From an operator and a system perspective, it would be desirable to replace the TRP and TRS parameters with the MEG related counterparts MERP (Mean Effective Radiated Power) and MERS (Sensitivity). 

The MEG efficiency measure does also account for a typical propagation channel, both the power angular distribution (PAD) of the incident waves and the polarization (the cross-polarisation ratio XPR of the channel).  However, agreement on the PAD and XPR functions has not yet been reached within COST273 community. Still several PAD models with corresponding XPR are discussed in the COST273 SWG2.2 contributions.
Reference
[1]
GP-051461

TRP and TRS in TS 45.005
A proposed format for introducing TRP and TRS is shown below. The tolerance for the TRP is also included; as a first stab the tolerance for the maximum output power has been retained. 
---------------------------------------------------------------------------------------------------------------------------------------------
4
Transmitter characteristics

Throughout this clause, unless otherwise stated, requirements are given in terms of power levels at the antenna connector of the equipment. For equipment with integral antenna only, a reference antenna with 0 dBi gain shall be assumed except for subclause 4.1.1.2 MS transmitted radiated power (TRP speech mode).

For GMSK modulation, the term output power refers to the measure of the power when averaged over the useful part of the burst (see annex B).

For 8-PSK modulation, the term output power refers to a measure that, with sufficient accuracy, is equivalent to the long term average of the power when taken over the useful part of the burst for random data.

The term peak hold refers to a measurement where the maximum is taken over a sufficient time that the level would not significantly increase if the holding time were longer.

4.1
Output power

4.1.1
Mobile Station

The MS maximum output power and lowest power control level shall be, according to its class, as defined in the following tables.

4.1.1.1
MS conducted output power
For GMSK modulation

	Power
	GSM 400 & GSM 900 & GSM 850 & GSM 700
	DCS 1 800
	PCS 1 900 
	Tolerance (dB)

	class
	Nominal Maximum output
	Nominal Maximum output
	Nominal Maximum output
	for conditions

	
	power
	power
	power
	normal
	extreme

	1
	‑ ‑ ‑ ‑ ‑ ‑
	1 W (30 dBm)
	1 W (30 dBm)
	±2
	±2,5

	2
	8 W (39 dBm)
	0,25 W (24 dBm)
	0,25 W (24 dBm)
	±2
	±2,5

	3
	5 W (37 dBm)
	4 W (36 dBm)
	2 W (33 dBm)
	±2
	±2,5

	4
	2 W (33 dBm)
	
	
	±2
	±2,5

	5
	0,8 W (29 dBm)
	
	
	±2
	±2,5


For 8-PSK modulation

	Power
	GSM 400 and GSM 900 & GSM 850 & GSM 700
	GSM 400 and GSM 900 & GSM 850 & GSM 700
	DCS 1 800
	PCS 1 900
	DCS 1 800 & PCS 1 900 

	class
	Nominal Maximum output
	Tolerance (dB) 

for conditions 
	Nominal Maximum output
	Nominal Maximum output
	Tolerance (dB) 

for conditions 

	
	Power
	normal
	extreme
	power
	power
	normal
	extreme

	E1
	33 dBm 
	±2
	±2,5
	30 dBm 
	30 dBm 
	±2
	±2,5

	E2
	27 dBm 
	±3
	±4
	26 dBm 
	26 dBm 
	-4/+3
	-4,5/+4

	E3
	23 dBm 
	(3
	±4
	22 dBm 
	22 dBm 
	(3
	(4


XXXXXXXXXXXXXXX

4.1.1.2 MS transmitted radiated power (TRP speech mode)

Maximum transmitted radiated power (TRP) for the small MS power classes defined in Tables above are specified in Tables below:

For GMSK modulation

	Power
	GSM 400 & GSM 900 & GSM 850 & GSM 700
	DCS 1 800
	PCS 1 900 
	Tolerance (dB)

	class
	Nominal Maximum TRP (dBm)
	Nominal Maximum TRP (dBm)
	Nominal Maximum TRP (dBm)
	for conditions

	
	
	
	
	normal
	extreme

	1
	‑ ‑ ‑ ‑ ‑ ‑
	TBD
	TBD
	±2
	±2,5

	2
	                  N/A
	TBD
	TBD
	±2
	±2,5

	3
	N/A
	N/A
	N/A
	±2
	±2,5

	4
	TBD
	
	
	±2
	±2,5

	5
	TBD
	
	
	±2
	±2,5


For 8-PSK modulation

	Power
	GSM 400 and GSM 900 & GSM 850 & GSM 700
	GSM 400 and GSM 900 & GSM 850 & GSM 700
	DCS 1 800
	PCS 1 900
	DCS 1 800 & PCS 1 900 

	class
	Nominal Maximum TRP
	Tolerance (dB) 

for conditions 
	Nominal Maximum TRP
	Nominal Maximum TRP
	Tolerance (dB) 

for conditions 

	
	(dBm)
	normal
	extreme
	(dBm)
	(dBm)
	normal
	extreme

	E1
	TBD 
	±2
	±2,5
	TBD 
	TBD 
	±2
	±2,5

	E2
	TBD 
	±3
	±4
	TBD 
	TBD 
	-4/+3
	-4,5/+4

	E3
	TBD 
	(3
	±4
	TBD 
	TBD 
	(3
	(4


XXXXXXXXXXXXXXX

6
Transmitter/receiver performance

In order to assess the error rate performance that is described in this clause it is required for a mobile equipment to have a "loop back" facility by which the equipment transmits back the same information that it decoded, in the same mode. This facility is specified in 3GPP TS 44.014.

This clause aims at specifying the receiver performance, taking into account that transmitter errors must not occur, and that the transmitter shall be tested separately (see subclause 4.6). In the case of base transceiver stations the values apply for measurement at the connection with the antenna of the BTS, including any external multicoupler. All the values given are valid if any of the features: discontinuous transmission (DTx), discontinuous reception (DRx), or slow frequency hopping (SFH) are used or not. The received power levels under multipath fading conditions given are the mean powers of the sum of the individual paths.

In this clause power levels are given also in terms of field strength, assuming a 0 dBi gain antenna, to apply for the test of MS with integral antennas except for subclause 6.2.2 Minimum requirement on the total radiated sensitivity (TRS speech mode) .

The requirements specified in this clause shall be met by a MS in CTS mode. In particular the requirement of subclause 6.6 on frequency hopping performance shall be met by a MS performing CTS frequency hopping (as specified in 3GPP TS 45.002 subclause 6.2).

XXXXXXXXXXXXXXX

6.2
Reference sensitivity level

The reference sensitivity performance in terms of frame erasure, bit error, or residual bit error rates (whichever appropriate) is specified in table 1, according to the type of channel and the propagation condition. . The performance requirements for GSM 400 and GSM 700 systems are as for GSM 900 in table 1, except that the GSM 400 MS speed is doubled from that of GSM 900, e.g. TU50 becomes TU100, and the GSM 700 MS speed is increased by a factor of 1.2, e.g. TU50 becomes TU60.

NOTE:
For conformance testing purposes using requirements at double speed is considered sufficient to verify MS behaviour at realistic speeds. This applies for packet channels and reference interference performance as well.

6.2.1
Minimum requirement on the conducted sensitivity

The actual sensitivity level is defined as the input level for which this performance is met. The actual sensitivity level shall be less than a specified limit, called the reference sensitivity level. The reference sensitivity level for GMSK modulated signals shall be:

GSM 400 MS

	‑
	for GSM 400 small MS
	‑102 dBm

	‑
	for other GSM 400 MS
	‑104 dBm


GSM 900 MS

	‑
	for GSM 900 small MS
	‑102 dBm

	‑
	for other GSM 900 MS
	‑104 dBm


GSM 850 MS

	‑
	for GSM 850 small MS
	‑102 dBm

	‑
	for other GSM 850 MS
	‑104 dBm


GSM 700 MS

	‑
	for GSM 700 small MS
	‑102 dBm

	‑
	for other GSM 700 MS
	‑104 dBm


DCS 1 800 MS

	‑
	for DCS 1 800 class 1 or class 2 MS
	‑100 / ‑102 dBm *

	‑
	for DCS 1 800 class 3 MS
	‑102 dBm

	
	
	

	PCS 1 900 MS
	
	

	-
	for PCS 1 900 class 1 or class 2 MS
	‑102 dBm



	-
	for other PCS 1 900 MS
	‑104 dBm


XXXXXXXXXXXXXXX

6.2.2
Minimum requirement on the total radiated sensitivity (TRS speech mode)

The specified BER, BLER, FER or RBER shall not be exceeded for the small MS total radiated sensitivity TRS (dBm) specified in Tables below:







      TRS (dBm)

GSM 400 MS





	‑
	for GSM 400 small MS
	TBD

	‑
	for other GSM 400 MS
	N/A


GSM 900 MS

	‑
	for GSM 900 small MS
	TBD

	‑
	for other GSM 900 MS
	N/A


GSM 850 MS

	‑
	for GSM 850 small MS
	TBD

	‑
	for other GSM 850 MS
	N/A


GSM 700 MS

	‑
	for GSM 700 small MS
	TBD

	‑
	for other GSM 700 MS
	N/A


DCS 1 800 MS

	‑
	for DCS 1 800 class 1 or class 2 MS
	TBD

	‑
	for DCS 1 800 class 3 MS
	N/A

	
	
	

	PCS 1 900 MS
	
	

	-
	for PCS 1 900 class 1 or class 2 MS
	TBD


	-
	for other PCS 1 900 MS
	N/A


---------------------------------------------------------------------------------------------------------------------------------------------

TRP and TRS in TS 25.101

For info the following proposal is given by a TeliaSonera input to 3GPP TSG RAN WG4 #36 [R4-050904].
6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE. For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed. Transmitter characteristics for UE(s) with multiple antennas/antenna connectors are FFS.

The UE antenna performance has a significant impact on system performance, and minimum requirements on the antenna efficiency are therefore also included. [It is recognised that different requirements and test methods are likely to be required for the different types of UE.] 
6.2
Transmit power

6.2.1
UE maximum output power

The following Power Classes define the nominal maximum output power. The nominal power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+α) times the chip rate of the radio access mode. The period of measurement shall be at least one timeslot.

Table 6.1: UE Power Classes

	Operating Band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	+33
	+1/-3
	+27
	+1/-3
	+24
	+1/-3
	+21
	+2/-2

	Band II
	-
	-
	-
	-
	+24
	+1/-3
	+21
	+2/-2

	Band III
	-
	-
	-
	-
	+24
	+1/-3
	+21
	+2/-2

	Band IV
	-
	-
	-
	-
	+24
	+1/-3
	+21
	+2/-2

	Band V
	-
	-
	-
	-
	+24
	+1/-3
	+21
	+2/-2

	Band VI
	-
	-
	-
	-
	+24
	+1/-3
	+21
	+2/-2


NOTE:
The tolerance allowed for the nominal maximum output power applies even for the multi-code DPDCH transmission mode.
6.2.2 UE transmitted radiated power (speech mode)
Minimum requirements on the transmitted radiated power (TRP) for the power classes defined in Table 6.1 are specified in Table 6.X. The power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+α) times the chip rate of the radio access mode.   
Table 6.X: UE Transmitted Radiated Power

	Operating Band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	TBD
	+1/-3
	TBD
	+1/-3
	TBD
	+1/-3
	TBD
	+2/-2

	Band II
	-
	-
	-
	-
	TBD
	+1/-3
	TBD
	+2/-2

	Band III
	-
	-
	-
	-
	TBD
	+1/-3
	TBD
	+2/-2

	Band IV
	-
	-
	-
	-
	TBD
	+1/-3
	TBD
	+2/-2

	Band V
	-
	-
	-
	-
	TBD
	+1/-3
	TBD
	+2/-2

	Band VI
	-
	-
	-
	-
	TBD
	+1/-3
	TBD
	+2/-2


---------------------------------------------------------------------------------------------------------------------------------------------
7.3
Reference sensitivity level

The reference sensitivity level <REFSENS> is the minimum mean power received at the UEantenna port at which the Bit Error Ratio (BER) shall not exceed a specific value. The antenna performance requirement <TRS> is the minimum total radiated sensitivity referred to the UE antenna port at which the BER shall not exceed a specific value.
7.3.1
Minimum requirement

The BER shall not exceed 0.001 for the parameters specified in Table 7.2.

Table 7.2: Test parameters for reference sensitivity

	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	I, VI
	dBm/3.84 MHz
	-117
	-106.7

	II
	dBm/3.84 MHz
	-115
	-104.7

	III
	dBm/3.84 MHz
	-114
	-103.7

	IV
	dBm/3.84 MHz
	-117
	-106.7

	V
	dBm/3.84 MHz
	-115
	-104.7

	NOTE 1.
For Power class 3 this shall be at the maximum output power

NOTE 2.
For Power class 4 this shall be at the maximum output power


.

7.3.2
Minimum requirement on the total radiated sensitivity (speech mode)
The BER shall not exceed TBD for the parameters specified in Table 7.X. The methods used to arrive at these results can be optimized for measurement time by using a channel other than the 12.2 kbps DL reference channel.
Table 7.X: Test parameters for total radiated sensitivity
	Operating Band
	Unit
	DPCH_Ec <TRS> 
	<REFÎor>

	I, VI
	dBm/3.84 MHz
	TBD
	TBD

	II
	dBm/3.84 MHz
	TBD
	TBD

	III
	dBm/3.84 MHz
	TBD
	TBD

	IV
	dBm/3.84 MHz
	TBD
	TBD

	V
	dBm/3.84 MHz
	TBD
	TBD

	NOTE 1.
For Power class 3 this shall be at the maximum output power

NOTE 2.
For Power class 4 this shall be at the maximum output power


