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1. Introduction
It is in the interest of 3GPP to define a value for the maximum output power for the different terminal modes to get a common basis for both the operators needs and for terminal implementation. It is especially important to define the maximum output power since this sets the limit from a network planning perspective. 
In this contribution we continue the discussion and respond to the specific proposal in [1] where the following proposal for UE power class was presented by some operators 


	Power Class 3

24 dBm
	Power Class 4

21 dBm

	Yes
	No


Note: 
It is assumed that the priority of UE Power class is independent of frequency band and frequency bandwidth.

No power class higher than + 24 dBm (power class 3) is currently foreseen as needed. It is proposed to remove power class 4 because of the substantial advantages in basing the uplink cell planning on a single 24 dBm class. The preference in terms of tolerance for the power class 3 is +2/-2 dB (or better). The complexity of allowing for a tighter tolerance than this should be investigated by RAN WG4.

2. issues for consideration

In this section we look at the issues relating to maximum output power in terms of ;
· Frequency Bands

· Frequency bandwidths

· Power tolerance

2.1 Frequency BANDS

In this case we examine the assumption in [1]
Note: 
It is assumed that the priority of UE Power class is independent of frequency band and frequency bandwidth.

In [R4-05137), we indicated that filter losses are dependant on the required pass band bandwidth and stop band (Tx-Rx spacing) frequency. As the stop band frequency offset decreases, the insertion losses will increases. Similarly as the pass band bandwidths decrease, the filter losses will also increase for the same filter technology. 

In TS25.101 we can see the impact of filter losses in this case on Rx sensitivity for the different high and low operating bands as shown below in the table below. The TX filter losses would have the same delta as the Rx path. 
	Operating

Band
	UL Frequencies

UE Tx
(MHz)
	Tx/Rx bandwidth

(MHz)

Pass band
	Min Tx/Rx Spacing

(MHz)
Stop band
	UE Rx sensitivity
(dBm)
	Rx filter 
Losses

(dB)



	I
	1920 – 1980
	60
	130
	-117
	2.0-2.4

	II
	1850 – 1910
	60
	20
	-115
	

	III
	1710 - 1785
	75
	20
	-114
	


	VI
	830 - 840
	10
	35
	-117
	

	V
	824 - 849
	25
	20
	-115
	

	VIII
	880 - 915
	35
	10
	-114
	4.5-5.0


Based on this is might be reasonable to support [24] dBm the case of Band I/VI but in the case of Band III/VIII this would lead to excessive thermal dissipation in a small device as well as excessive peak current requirements due to the significant increase in filter losses. Note the peak current would double for a 3 dB increase in PA size and the thermal dissipation is I2R.  In this case a more reasonable approach would define two power classes when applicable i.e. for the high filter loss cases.

Additional we need to aware that terminal will need to support both regional and roaming requirements which could envisage 3-4 GSM bands, 3-4 UMTS bands, [x] LTE bands as well as Rx diversity which could further increase the antenna losses indicated  in the above table due to band switching
. 
2.2 frequency bandwidths

In this case we examine the assumption in [1] 
Note: 
It is assumed that the priority of UE Power class is independent of frequency band and frequency bandwidth.
In [R4-060237), we indicated 
1. Initial analysis indicates the total on-channel power for the different LTE DFTS-OFDM signals is approximately equal when the On-channel power is integrated over the entire channel bandwidth (5, 10, 20 MHz). 
2. We also indicated the ACLR for the different LTE bandwidth options are similar as long as the measurement bandwidths and frequency offsets are scaling with the BW of the desired signal.

3. We also provided a plot for the normalized bandwidth / normalized spectrums directly for the different bandwidth options.  These show no spectrum distortion between signals of different modulation bandwidth as well as indicating the out of band emissions is directly proportional to the scalable bandwidth


Figure 6: Normalized LTE spectrum estimate
In this case based on the initial analysis we feel this is a reasonable assumption that the power class is independent of frequency bandwidth as long as the ACLR measurement BW and frequency offset scales with the modulation bandwidth
2.3 Power tolerance

In this case we examine the assumption in [1] 
 The preference in terms of tolerance for the power class 3 is +2/-2 dB (or better). The complexity of allowing for a tighter tolerance than this should be investigated by RAN WG4.
The Power class tolerance is designed to address the following implementation issues

a) Change of output power with temperature

b) Change of output power with battery voltage

c) Impact of higher power class in terms of EMC issues

It is difficult to see how the +2/-2 dB tolerance can be further improved without some relaxation in the current normative environmental conditions of -10(C to +55(C particular as the impact of temperature and voltage are worse for the higher power class terminal. This is main reason why the current power class 3 tolerance {24 dBm.,  +1 / -3 dB} is asymmetrical compared to power class 4 {21 dBm +2 / -2 dB}. Another reason for the asymmetry for Power Class 3 power {24 dBm, +1 / -3 dB} is the impact of EMC i.e. HAC which requires greater implementation margin to ensure tight  regulatory conformance in the case of the positive tolerance allowance
However in order to address the proposal in [1] but take into account the issues listed above we feel that power class 3bis may be a more oblivious choice as the default higher power class {+23 dBm , +/- 2 dB. This will also support dual mode LTE/WCDMA design in terms of a single PA implementation since there is overlap with Power class 3 {24 dBm, +1 / -3 dB}. In this case to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals, the E-UTRA UE power class should be a subset of the current WCDMA Rel-6/7 power classes with a MPR/CM relationship defined as  MPR (dB) = MAX(CM-1, 0) 

3.0
cONCLUSION
In [1] a single power class of 24 dBm +/- 2 dB is recommended for all operating frequencies and channel bandwidths. We feel it would be useful to maintain similar power classes as current specified in TS 25.101 [2] for UTRA for Power Class 4 and 3bis.  This is because it may not be possible to implement the same power class for all frequency bands and bandwidth due to; the different antenna filter losses and multi-band combination.  In addition there is no single generic requirement from all operators since the requirement for multi-bands can be different depending on market needs. 
Additionally to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals the E-UTRA UE power class should be a subset of the current WCDMA Rel-6 power classes with a MPR/CM relationship defined as  MPR (dB) = MAX(CM-1, 0) 
However some rationalization of power class and tolerance would be useful inline with [1]. In this case we propose the following E-UTRA power class be considered as shown in Table 1 below 

Table 1: E-UTRA UE Power Class
	Operating Band
	Power
Class 3bis

(dBm)
	Power
Class 4

(dBm)
	Power Class Tolerance

(dB)

	I
	+23
	+21
	2

	II
	+23
	+21
	2

	III
	+23
	+21
	2

	IV
	+23
	+21
	2

	V
	+23
	+21
	2

	VII
	+23
	+21
	2

	VIII
	+23
	+21
	2

	V
	+23
	+21
	2


It is proposed the above conclusion is also captured in TR25.912 in terms of UE complexity 

4.
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