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Introduction

Additional insertion loss due to the combining of two band and the possible relaxation for REFSENS and the maximum output power has been extensively discussed in the last RAN4 meetings. We can observe from the discussion:

· The transmit and receive path in the UE will be influenced by this insertion loss.
· Such diplexers depending now on the actual bands (frequencies) can have typically insertion losses of the order of 0.4 to 0.6 dB. RAN5 measurement accuracy is 0.7 dB.
· Due to this insertion loss relaxation for the REFSENS and/or output power with respect to the Rel8/9 specification for the corresponding band may be needed, [1].
· Depending on the RF architectures (diplexer, RF switch arrangement) the losses can be minimized, [2].
· Relaxation for REFSENS or the UE max output power will influence the cell coverage of that terminals when falling back to Rel-8/-9 operation, [3].

· A way forward was proposed from a larger group of operators, [4]. Bu no agreement could be reached in the RAN4 group at the last meeting.
· In the last meeting the RAN4 chairman suggested that additional insertion loss for DB-DC-HSDPA and inter-band LTE-Advanced CA even in the case for combining the same bands should be treated separately.
Conclusions


Proposal 1: The following points seem to be agreeable and could be captures in TR 36.807 as future guidance on this issue:

· The relaxation should be handled in a band combination specific way.
· The value may differ between the bands combined.
· The value may differ for the maximum output power and the REFSENS relaxation.
· The relaxation should consider start of the art technology for diplexer, power amplifier, LNA, power consumption, change in TRX architectures, total #of band supported in an UE for Rel-10 timeframe.

· The granularity for the relaxation could be within 0.1 dB steps.
· In order to insure good user experience in existing LTE networks it is a common understanding for operators that REFSENS and output power for LTE-Advanced inter-band should be as close as  possible follow Rel-8/Rel-9 specification.

In TR 36.104 MPR for power class 3 can be found depending on the modulation, channel bandwidth and transmission bandwidth configuration (#of RBs). The MPR gives the vendors the possibility to allow for some power reduction if necessary within a range from 0 to 1 or 2 dB. The MPR can be extended to accommodate additional insertion losses if necessary for inter-band LTE-A CA in order to meet operators and vendors requirements as:

· For lower number of RBs PA requirements and power consumption are less stringent.
· Maximum cell range for LTE-Advanced terminals can be maintained, if e.g. falling back to Rel-8/-9 operation, for a “minimum” number of RBs.
Least but not last this will minimize complexity for the specification and testing as no new relaxation has to be introduced. We propose the following to be included in TR 36.807.
Proposal 2: For inter-band LTE-A CA for power class 3 the same maximum output power and tolerance as specified in TR 36.101 Table 6.2.2-1: UE Power Class will apply to each aggregated band

Table 6.2.2-1: UE Power Class for LTE and LTE-A CA inter-band

	E-UTRA Band
	Class 1
(dBm)
	Tolerance

(dB)
	Class 2
(dBm)
	Tolerance

(dB)
	Class 3
(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	

	2
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	


Proposal 3: The following table allows for additional maximum power reduction due to the possible additional insertion loss when combining two bands.

Table 6.2.4-1:  Maximum Power Reduction (MPR) for Power Class 3 and LTE-A inter-band CA

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	( (1 +  MPR-CA)

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	( (1 +  MPR-CA)

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	( (2 +  MPR-CA)


Table 6.2.4-2: MPR-CA values for inter-band contiguous CA configuration
	Inter band CA Configuration
	UL Band
(X OR Y)
	DL Bands
(X AND Y)
	Additional

Insertion Loss (dB)
	Amount of the relaxation, MPR-CA  (dB)

	
	
	
	Band X
	Band Y
	Band X
	Band Y

	1
	1 OR 5
	1 AND 5
	0.5
	0.5
	[TBD]
	[TBD]
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Text proposal for TR 36.807
----- Unchanged sections omitted -----
----- Start of TP -----
6
Transmitter characteristics

6.1
General

Tx characteristic are specified for the following scenarios;

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

Figure 6.1-1 illustrates two Tx architectures options as working assumptions; 

[image: image1.emf]
Figure 6.1-1 illustrates Tx architectures working assumptions

Type A:  As per TR36.815 can support; CA_X, CA_X-Y, DLMA, and CPE depending on UE capability

Type B:  As per TR36.815 for FFS

Type C:  As per TR36.815 for FFS

Type D:  As per TR36.815 can support; CA_X, CA_X-Y, C DLMA, ULMA and CPE depending on UE capability
2)     CA_X-Y  (Inter band  non contiguous CA)
The following points are for future guidance on additional insertion loss for inter-band CA:

· The relaxation should be handled in a band combination specific way.
· The value may differ between the bands combined.
· The value may differ for the maximum output power and the REFSENS relaxation.
· The relaxation should consider start of the art technology for diplexer, power amplifier, LNA, power consumption, change in TRX architectures, total #of band supported in an UE for Rel-10 timeframe.

· The granularity for the relaxation could be within 0.1 dB steps.
· In order to insure good user experience in existing LTE networks it is a common understanding for operators that REFSENS and output power for LTE-Advanced inter-band should be as close as  possible follow Rel-8/Rel-9 specification.

6.2
Transmit power

In the study item report TR 25.912 for LTE related to UE maximum output power the following 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. 

However it is not clear if the same requirements would be applicable in the case of dual Tx antenna (separate or dual PA) or CPE. In the case of case of these scenarios, the conducted transmit power may need to be reduced in order to support these larger bandwidths but then the radiated antenna gain is likely to be higher or the cell size would be smaller due to the larger supported data rate. In this case the transmitter characteristic could be defined for a new power class 
· Should the UE class be linked to maximum conducted power

· Should the UE conducted power be linked to the number of Tx antenna (single or dual antenna)

6.2.1
Void

6.2.2
UE Maximum Output Power

Open issues for FFS are

· How should MPR/ A-MPR be extended for single and/or multiple CC bandwidths

· How should MPR/ A-MPR be extended new power classes and UE classes

Requirements that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
R4-102739; Way Forward

· For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE)
· LTE REL-8/9 maximum output power requirements are adopted

2) CA_X-Y  (Inter band  non contiguous CA)
The maximum output power of an UE is a critical parameter that limits the UL coverage of a network. In principle, it is highly desirable to maintain Rel-8/9 coverage area as much as possible with a reasonable UE cost. As shown in section 6.1, intra-band contiguous carrier aggregation capable UEs could have different Tx architectures compared to a single carrier UE. For type A Tx architecture, a single RF chain is used and for D1/D2 architecture dual RF chains are used to support carrier aggregation. To ensure proper coverage, for all possible Tx architectures,  R4-102739; Way Forward

For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE).

In the case of single Tx UE, type A Tx architecture could be used. This architecture is the same as a single carrier UE except for a higher channel bandwidth. Given that the Tx bandwidth of a Rel-8/9 PA should cover the whole band, the maximum Tx power over a larger bandwidth within the same band should be not be significantly different. Hence, for intra-band contiguous carrier aggregation, 
LTE REL-8/9 maximum output power requirements are adopted. Note that one potential issue that requires more detailed studies is the tolerance for 40 MHz and beyond at the Rel-8/9 maximum output power. 
For inter-band LTE-A CA for power class 3 the same maximum output power and tolerance as specified in TR 36.101 Table 6.2.2-1: UE Power Class will apply to each aggregated band
Table 6.2.2-1: UE Power Class for LTE and LTE-A CA inter-band

	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	

	5
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	


3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

6.2.4
UE Maximum Output Power with additional requirements 

Open issues for FFS are

· How should MPR/ A-MPR be extended for single and/or multiple CC bandwidths

· How should MPR/ A-MPR be extended new power classes and UE classes

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 
2)     CA_X-Y  (Inter band  non contiguous CA)
The MPR in case of inter-band CA is given in Table 6.2.3-1.

Table 6.2.4-1:  Maximum Power Reduction (MPR) for Power Class 3 and LTE-A inter-band CA

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	( (1 +  MPR-CA)

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	( (1 +  MPR-CA)

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	( (2 +  MPR-CA)


Table 6.2.4-2: MPR-CA values for inter-band contiguous CA configuration
	Inter band CA Configuration
	UL Band
(X OR Y)
	DL Bands
(X AND Y)
	Additional

Insertion Loss (dB)
	Amount of the relaxation, 
MPR-CA  (dB)

	
	
	
	Band X
	Band Y
	Band X
	Band Y

	1
	1 OR 5
	1 AND 5
	0.5
	0.5
	[TBD]
	[TBD]


----- End of TP -----
