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Introduction
This contribution is a follow up to [1] and thus addresses the format into which minimum antenna performance requirements could be introduced in the 3GPP specifications (25 series). 
The issue of UE antenna performance requirements for multi band case was discussed at RAN4#36; it also appeared that setting radio requirements for multi band device is an open problem generally. A proposed way forward for the antenna requirements are presented here, according to which minimum performance requirements is set for each type of UE supporting certain radio access modes in given bands. These requirements are collected in a standalone TS, a possible structure of this is also discussed.  
There is also a parallel WI in GERAN concerned with corresponding antenna performance requirements for MS. Since a substantial part of the terminal types for consideration will be (at least) dual mode GSM and UMTS, it is relevant to discuss the relation to the GERAN specification work.
The metrics TRP and TRS
First the antenna performance metrics are recalled, these are the Total Radiated Power (TRP) and Total Radiated Sensitivity on the transmitter and receiver sides, respectively. In [1] a phased approach was proposed in which TRP and TRS are introduced first, these could then later on be replaced by MEG related (Mean Effective Gain) metrics. However, agreement on certain auxiliary functions needed for obtaining MEG values has not yet been reached within the COST 273 community (see [2] for a background of the antenna specification work carried out by 3GPP RAN), and there are accuracy issues that might possibly preclude the use of  MEG altogether.
The TRP value is the average of the UE radiated power taken over the complete sphere. Requirements can be specified both for the free-space case and with UE 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 TRS is a similar spatial average of the input power required in order to obtain a certain specified BER (see [3] for details).

Note that the entire TX/RX chain will be implicitly included in these performance requirements, there is no explicit requirement on the antenna efficiency. Hence there will be a TRP requirement for each UE power class.
UE antenna requirements for multi-mode and multi-band
The issue of specifying radio requirements for multi-mode equipment appears to be an open problem in general. Moreover, the effect of multi-band on the requirements as compared to the single band case also needs consideration.

Minimum requirements on TRP will be stated for each (combination of) power class just like the output power, thus including the entire transmitter chain. The reference point is just no longer the antenna connector but rather a fictive sphere around the UE antenna (or the Uu plane).   

In fact, there exists a multi-band requirement on the MS output power in TS 45.005 (radio transmission and reception) that could be used as a starting point. For GMSK modulation, the MS maximum output power shall be, according to its class, as defined in the following table 

Table 1: maximum output power for GMSK modulation (from [4])
	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


A multi-band MS has a combination of the power class in each band of operation from the table above, and any combination may be used. Now, the scope of the specification 45.005 states that “MSs may operate on more than one of the frequency bands specified [reference to a list of frequency bands]. These MSs are referred to as ‘Multi band MSs’ in this EN. Multi band MSs shall meet all requirements for each of the bands supported.” 
For the antenna requirement a similar method could be used, but one then creates a table for any combination of modes (radio interfaces) with their corresponding power classes in any combination of relevant bands. Taking a dual-mode GSM/UMTS R99 UE supporting the European GSM bands as an example, a table of requirement for the minimum TRP according to the class would look like
Table 2: TRP requirements for a dual mode tri-band UE
	GSM
	UTRA FDD

	TRX

Power Class
	GSM900
	DCS1800
	Tolerance

(dB)
	UE 

Power Class
	Band I
	Tolerance (dB)

	1
	-----
	TBD
	±2
	1
	TBD
	+1/-3

	2
	TBD
	TBD
	±2
	2
	TBD
	+1/-3

	3
	TBD
	TBD
	±2
	3
	TBD
	+1/-3

	4
	TBD
	TBD
	±2
	4
	TBD
	+2/-2

	5
	TBD
	TBD
	±2
	


The UE has a certain combination of power classes in the bands included and
· shall meet the corresponding requirements in all these bands.

These requirements for any given power class are still TBD but obviously correlated with the corresponding maximum output power (the whole transmitter chain is included). 
The minimum performance requirements should of course be independent of the implementation of the antenna. Many implementations of multi-band terminals use a single antenna structure tuned to all relevant bands, so it is perhaps best to state the band combinations explicitly rather than bundling different bands like in the output power requirements in Table 1 above. The specification would include a large number of mode and band combinations.  For a “North American” dual-mode UE the TRP requirements would be in the form
Table 3: TRP requirements for a dual mode quad-band UE
	GSM
	UTRA FDD

	TRX

Power Class
	GSM850
	DCS1800
	PCS 1900
	Tolerance

(dB)
	UE 

Power Class
	Band I
	Tolerance (dB)

	1
	-----
	TBD
	TBD
	±2
	1
	TBD
	+1/-3

	2
	TBD
	TBD
	TBD
	±2
	2
	TBD
	+1/-3

	3
	TBD
	TBD
	TBD
	±2
	3
	TBD
	+1/-3

	4
	TBD
	TBD
	TBD
	±2
	4
	TBD
	+2/-2

	5
	TBD
	TBD
	TBD
	±2
	



New combinations of modes and bands could be added as a CR to the TS whenever the supporting UE and its specifications become available. 
TRS requirements for multi-mode and multi-band UEs can be specified in a similar way. 

One problem is treating the terminal equipments supporting standards not specified by 3GPP, WLAN is an obvious and relevant example; the same antenna structure may be used for also for these radio interfaces. Even though 3GPP does not set requirements for WLAN, setting reasonable requirements for GSM and UMTS should probably account for the properties in the WLAN band, particularly for the 2.4 MHz ISM band not far from Bands I and VII. Parts of WLAN nevertheless included in TSG-T specifications (e.g. UICC).
Note that the tolerance values used in the examples above are based on the requirements for the output power, the actual values are still FFS (could of course end up being the same). 
Single band (and single mode)
One should also include a specification for UEs only supporting a single band. The performance requirements for these could be specified as proposed in [1]
Table 4: UE Transmitted Radiated Power (from [1])
	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


Structure of a standalone antenna specification
Based on the above proposal a standalone TS on minimum antenna performance requirements could be structured as follows:

1. List of relevant frequency bands
2. Performance requirements for single band UEs (single mode)

3. Performance requirements for multi-band and multi mode, a collection of requirements for relevant mode and band combinations

4. The method for measuring the antenna performance metrics included in a normative annex. 

Multi mode in a single band is another possible option (in the GSM900 band for example), it can be included under point 3 above. The annex describing the measurement method should be based on relevant sections of TR 25.914, but the details of the test method should be developed and specified by RAN5.
There is a corresponding GERAN WI for MS antenna minimum performance (RAN4 leading). The measurement method will be the same as that developed by RAN4, but the performance requirements may possibly be introduced into the specs in a different way. Possible options here are:

· a single 25 series TS that covers both GERAN and RAN4 requirements, points 2 and 3 above would then also include the single- and multi-band GSM (single-mode) MS
· a separate 45 series TS with the same structure as the one proposed above, but including the relevant GSM only requirements under points 2 and 3 
· the inclusion of the GSM requirements in an existing 45-series specification, e.g. TS 45.005.
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