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1 Introduction
In this paper we discuss some of the UE transmit power issues needed to support future deployment for a multi-mode (GSM/WCDMA/LTE) and multi-band LTE terminal. We propose to define the UE transmit power in terms of the following parameters; maximum operating power, power class and maximum power reduction (MPR). It is proposed this approach is used to define the UE performance requirements in TR36.803 
2 LTE UE transmit power requirements

In this section we consider the requirements in [TR25.912] and [TR25.913] 

In the study item report for LTE [25.912] related to UE maximum output power it was indicated;

· It should be possible to reuse the rel-6 PA in order to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes. 
In the requirements TR for LTE [25.913] related to complexity it was indicated; 

· The E-UTRA and E-UTRAN Requirements should minimize the complexity of the E-UTRA UE in terms of size, weight, battery life (standby and active) consistent with the provision of the advanced services of the E-UTRA/UTRAN.
·  For these requirements, the following shall be taken into account; UE complexity in terms of supporting multi-RAT (GERAN/UTRA/E-UTRA) should be considered when considering the complexity of E-UTRA features. 
In the requirements TR for LTE [25.913] related to deployment scenarios, at a high-level E-UTRAN shall support the following two deployment scenarios:
· Standalone deployment scenario: In this scenario the operator is deploying E-UTRAN either with no previous network deployed in the area or it could be deployed in areas where there is existing UTRAN/GERAN coverage but for any reason there is no requirement for inter-working with UTRAN/GERAN (e.g. standalone wireless broadband application).

· Integrating with existing UTRAN and/or GERAN deployment scenario: In this scenario it is assumed that the operator is having either a UTRAN and/or a GERAN network deployed with full or partial coverage in the same geographical area. It is assumed that the GERAN and UTRAN networks respectively can have differently levels of maturity.
In the requirements TR for LTE [25.913] related to throughput requirements.

·  Target for user throughput per MHz at the 5 % point of the C.D.F., 2 to 3 times Release 6 Enhanced Uplink (deployed with a single Tx antenna at the UE and 2 Rx antennas at the Node B).

· Target for averaged user throughput per MHz, 2 to 3 times Release 6 Enhanced Uplink (deployed with a single Tx antenna at the UE and 2 Rx antennas at the Node B).

· The user throughput should scale with the spectrum bandwidth provided that the maximum transmit power is also scaled. 
In conclusion, to meet the above requirements would require a more complex transmit power specification to take into account the LI specification in terms of operating bands, scalable bandwidth, RB allocation and different modulation schemes.  
Hence it important for RAN4 to developing a transmit power working assumption taking into account the LTE implementation requirements (specified above) so that the working groups can address the aspects relating to throughput requirements (taking into account more realistic assumptions such as, scheduling, link adaptation with H-ARQ , etc )
3 Analysis Methodology

In this section we look at some of the requirements relating to maximum output power, power class and MPR

3.1 Maximum Output Power (MOP)
LTE could be considered as an enhancement to UTRA in terms of regulatory requirements and would therefore need to ensure compatibility with current requirements. It is therefore proposed this requirement is defined in a similar manner to WCDMA and a Maximum Output Power (MOP) limit is specified for regulatory purposes i.e. MOP Class 4 (24dBm +1/-3dB) could be used to ensure backward compatibility with existing regulatory requirements
However, unlike WCDMA where the Maximum Output Power (MOP) and power classes are linked, we propose that the MOP and power class are considered separately.  The main reason for this separation is the power class definition in LTE will depend on RB allocation, frequency bands, FDD/TDD, etc and hence the power class definition could be different. 

This separation would allow for future enhancements in terms of additional power class, as long as these power classes do not exceed the specified Maximum Output Power (MOP) due to regulatory issues. For example, we could define a different MOP class for TDD, FDD half duplex and possibly standalone wireless broadband application applications where a higher MOP can be supported based within the regulatory constraints.   An example of MOP Class approach is shown below
Maximum Output Power (MOP)

	MOP Class
	Power

(dBm)
	Tolerance

(dB)

	1
	[+30]
	

	2
	[+27]
	

	3
	[+24]
	+1/-3 dB

	4
	[+21]
	


3.2 Power class 

Three key aspects need to be addressed when considering requirements for power class; 

· Support for high, medium and low band operation

· Support for multi-RAT (GSM/WCDMA/LTE)

· Operating band duplexer losses
3.2.1 Support for high, medium and low band multi-band operationCurrent state of the art does not allow for single PA implementation to cover the full range of 3GPP operating bands (700MHz to 2600MHz) due to technology constraints, in supporting the large operating bandwidth and associated issues such as the filter losses, power efficiency, thermal dissipation and linearity (spurious emissions/ACLR). These issues are exacerbated as the number of operating bands increase. Possible solutions/issues are;
a) A separate PA could be used which is optimized for each operating band.. Today we have 15+ operating bands in the 3GPP standard and the operators are increasingly requesting multi-band deployment so this is a significant issue for multi-band implementation. As the number of operating bands increases this becomes a size and cost issue and cannot be considered as a long term viable solution
b) A band split solution is adopted where a separate PA is assigned for low band (<1GHz), mid band (1–2GHz) and high band (>2GHz) operation. In this case, since the PA size is fixed for each band split, a variation in transmit power can be expected for the different duplex losses in the individual operating band within each band split. Even with this optimized solution a minimum of 3 PA(s) will be needed to support LTE only deployment in the 830-915MHz, 1500-1980 MHz and 2500-2600MHz band
c) Adopting a band split solution would be more aligned with the current thinking for antenna radiated performance in terms of a low, mid and high band performance. In this context we should understand the key parameter from a coverage aspect is the radiated power and not the conducted power. In this case it is preferable to re-allocate the internal handset volume to a larger antenna(s) then an additional PA(s) for multi-band operation by rationalizing the number of PA(s). In this extreme case the conducted power would be higher but the radiated power would be lower for the same handset volume.  

 
3.2.2 Multi-RAT support (GSM/WCDMA/LTE)Current state of the art does not support the use of a single PA in terms of multi-RAT (GSM/UMTS) operation and existing handset implementation for dual mode GSM/UMTS operation requires two types of PA technologies to optimize performance goals. For example GSM is 2 Watts TDD non linear modulation while WCDMA/LTE is 1 Watt continuous linear modulation.  In this case the number of additional PA for GSM support could scales with required band split (support for low band and mid band) unless mitigated by advances in PA technology
Going forward, it is important to ensure that requirements for LTE allow for re-use of existing REL6 PA technologies to reduce the number of PA(s) required for a multi-RAT UE by ensuring at least a LTE and WCDMA PA are backward compatibility. This aspect is in line with the study item report for LTE [TR25.912] related to UE maximum output power where it states; It should be possible to reuse the rel-6 PA in order to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes. 
3.2.3 Operation band duplexer issuesThe current WCDMA specification supports two power classes for each operating bands and hence depending on the duplexer losses associated with each operating bands a single PA implementation (with the constraints of  low/medium/ high band) can support the specification i.e. power class 3 for band X and power class 4 for band Y.
However, having two power classes for each operating band does create issues for operators in terms of primary and roaming deployment as the network would need to be planned to support the lower power class.  Having a single power class makes it difficult to address the different duplex band losses unless the output power is specified for each operating band similar to the Rx sensitivity performance. Table 3.2.3 shows the maximum output power based on this approach.  In general the delta for the transmit path would be less than the delta for the Rx sensitivity since a duplexer is always optimized for Tx over Rx due to design goals 

Table 3.2.2: Maximum output power based on operating band split (high, medium and low)
	Operating band
	UL start freq
	UL end freq
	LTE 
proposal 
	
	DL start freq
	DL end freq
	Δ RX FDD REFSENS 
	FDD Spec
	
	Duplex distance
	Pass band
	Duplex gap

	
	MHz
	MHz
	dBm
	
	MHz
	MHz
	dB
	dBm
	
	MHz
	MHz
	MHz

	Mid Band
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 

	I
	1920
	1980
	[23]
	
	2110
	2170
	0
	-106.7
	
	190
	60
	130

	II
	1850
	1910
	[22]
	
	1930
	1990
	2
	-104.7
	
	80
	60
	20

	III
	1710
	1785
	[22]
	
	1805
	1880
	3
	-103.7
	
	95
	75
	20

	IV
	1710
	1755
	[23]
	
	2110
	2155
	0
	-106.7
	
	400
	45
	355

	IX
	1750
	1785
	[23]
	
	1850
	1880
	1
	[-105.7]
	
	100
	35
	65

	X
	1710
	1770
	[23]
	
	2110
	2170
	0
	-106.7
	
	400
	60
	340

	Low Band 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 

	V
	824
	849
	[23]
	
	859
	894
	2
	-104.7
	
	45
	25
	20

	VI
	830
	840
	[23]
	
	875
	885
	0
	-106.7
	
	45
	10
	35

	VIII
	880
	915
	[22]
	
	925
	960
	3
	-103.7
	
	45
	35
	10

	High Band
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 

	VII
	2500
	2570
	[23] 
	
	2620
	2690
	2
	-104.7
	
	120
	70
	50

	
	
	
	
	
	
	
	
	
	
	
	
	

	New Bands 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 

	A (TDD)
	1900
	1920
	[23 ]
	
	1900
	1920
	 
	 
	
	-
	-
	-

	B (TDD)
	2110
	2025
	[23]
	
	2110
	2025
	 
	 
	
	-
	-
	-

	C
	1427.9
	1452.9
	[-]
	
	1475.9
	1500.9
	1
	-105.7
	
	48
	25
	23

	D
	1900
	1920
	[-]
	
	2600
	2620
	 
	 
	
	700
	20
	680

	E
	700
	 
	?
	
	 
	 
	 
	 
	
	 
	 
	 

	F
	700
	 
	?
	
	 
	 
	 
	 
	
	 
	 
	 

	G
	2300
	 
	?
	
	 
	 
	 
	 
	
	 
	 
	 


In this case a single PA and a single power class can be used to support the above bands such that Band 1, IV and X could be power class A while band IX could be power class A-1dB and so on, as shown in the table 3.2.2 below to account for the Tx duplex losses where A is specified as [23dBm +/- 2dB]. 

Additionally as part of the power class definition we need to take into account the specific modulation scheme and resource block allocation. It is therefore proposed we define the power class per operating band with respect to a defined baseline in terms of modulation [QPSK] and minimum [8] resource block allocation for the 5MHz bandwidth option
. 
3.3 MPR - LTE layer 1 specific issues 

In [TR36.804] an agreed working assumption for ALCR is specified to maintain co-existence with WCDMA and LTE. However, as shown in previous RAN4 contributions in order to maintain this ACLR value and hence a common WCDMA/LTE PA implementation it is necessary to specify a MPR for the case of a large number of RB or higher modulation. This is similar to WCDMA, where MPR is specified for high data rates services and higher modulation.  
3.3.1 MPR due to RB allocationIn the RAN4 LS [R4-070297] it was indicated it is possible to achieve the nominal maximum output power with a Release 5/6 HSDPA PA for QPSK assuming a low number of resource blocks. In the case of the 5MHz bandwidth option this equates to ≤ [8] RB allocation as shown in [3] [4]). It is therefore proposed that MPR baseline is defined for [8] RB allocation for the case of bandwidth options greater than 5MHz for QPSK modulation.  In the case of QPSK the maximum MPR for full RB allocation (>8 RB) is in the order of [1] dB as indicated in [5]
3.3.2 MPR due to modulation 
In [5] we have shown, due to the increase in CM for 16QAM modulation an MPR reduction of 1dB is required relative to the QPSK case. Hence, in the case of 16QAM the maximum MPR for full RB allocation is in the order of [2] dB 
3.3.3 MPR due to 2nd ACLR
Currently in [5 -TR36.803] a working assumption is adopted for the 1st ALCR value for both the adjacent WCDMA and LTE case.  So far no value has been agreed for the 2nd ACLR case as asymmetrical adjacent channel i.e. 10MHz LTE to 5MHz co-existence is not complete. Preliminary results indicate if the current value of 43dBm/3.84MHz is maintained, [1] due to regulatory aspects, then an additional MPR requirement would be needed to be specified in these regions. 

4 Proposed Specification
 In this section we propose text for inclusion in TR36.803 for maximum output power, power class and MPR 
4.1 Maximum Output Power (MOP) class
The maximum output powers defined in Table 4.1 is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+x times the channel bandwidth of the radio access mode. 
Table 4.1: Maximum Output Power (MOP)
	MOP Class
	Power

(dBm)
	Tolerance

(dB)

	1
	[+30]
	

	2
	[+27]
	

	3
	[+24]
	+1/-3 dB

	4
	[+21]
	


4.2 MOP UE Class

The following Power Classes defines 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+x) times the channel bandwidth of the radio access mode. The period of measurement shall be at least one [timeslot/ frame/TTI]. The modulation is QPSK
Table 4.2: MOP UE Class
	Operating band
	MOP Class 1
	Tol..
	MOP Class 2
	Tol.
	MOP Class 3
	Tol.
	MOP Class 4
	Tol.

	
	(dBm)
	(dB)
	(dBm)
	(dB)
	(dBm)
	(dB)
	(dBm)
	(dB)

	I
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	II
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	III
	 
	 
	 
	 
	[22]
	+/-2
	 
	 

	IV
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VI
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VII
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VIII
	 
	 
	 
	 
	[22]
	+/-2
	 
	 

	X
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	IX
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	V
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	Note

1) The nominal maximum power is for ≤[8] resources blocks for 5MHz 
2) Bandwidth options for <> 5MHz is FFS    


4.3 MPR
The Maximum Power Reduction (MPR) due to modulation and resource block allocation for the MOP UE Class defined in 4.2 is specified in table 4.3A
Table 4.3A: Maximum Power Reduction (MPR)
	UE transmit channel configuration 
	Bandwidth

(MHz)
	MPR

(dB)

	modulation
	RB allocation
	
	

	QPSK
	> [8]
	5, 10, 15, 20
	1

	16 QAM
	≤ [8]
	5, 10, 15, 20
	1

	16 QAM
	> [8]
	5, 10, 15, 20
	2


The additional Maximum Power Reduction (MPR) due ALCR2 defined in Table 4.2 and Table 4.3A is specified in table 4.3B. This requirement is only applicable for 10, 15 and 20MHz bandwidth option for the 2nd adjacent channel or ALCR2 for 5MHz adjacent channel deployment
Table 4.3B: Maximum Power Reduction (MPR)

	UE transmit channel configuration 

modulation
	ACLR2

(dB/3.84MHz)
	MPR

(dB)

	QPSK and 16QAM
	36 
	0

	QPSK and 16QAM
	43
	[2.5 – 3.0]
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� Other bandwidth options are FFS since this linked to asymmetrical channel deployment
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