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1 Introduction
UE RF requirements for UL-MIMO have been discussed in RAN4 ad hoc meeting #2010-04 held in Xian [1]. The following way forward on unwanted emissions were agreed [2]:
· The output power dynamics performance requirements are defined per antenna port with same requirements as Rel-8/Rel-9.
This document gives the text proposal for the LTE Rel-10 UE TR 36.807 [3] to address the aforementioned agreement.
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6.3
Output power dynamics

Currently power control is defined on sub-frame basis for a single component carrier in REL8 in the RAN1 specification. For LTE-A, the architecture of single or multiple PA can have an impact on the power control dynamics. In the case where the PA supports a component carrier, the CM is not a concern since each component carrier will have a fixed maximum transmit power. But a single PA architecture can potentially impact the power control procedure when its power is shared amongst component carriers

Another consideration for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since, the power control accuracy in terms accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain 
For UE with multiple transmit antennas, the output power dynamics, including the OFF power, the minimum power and the ON/OFF power time mask, are defined per antenna port. It is assumed that most of the UE vendors would like to reuse Rel-8/Rel-9 RF components as much as possible for Rel-10. The output power dynamics requirement for UL-MIMO should remain the same as in Rel-8/Rel-9.
For LTE-A power control would need to consider the following scenarios in the case of; OFF power, minimum power and power tolerance for CA, DLMA, ULMA and CPE

6.3.1
(Void)

6.3.2
Minimum output power

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

1) CA_X    (Intra band  contiguous CA)
In Rel-8/9, the minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. In the case of contiguous CA, the transmit power requirements could be defined following the approach adopted by DC-HSUPA, where the minimum transmit power for DC-HSUPA is defined as per-carrier and identical to the single carrier requirement. Given the similar RF architecture of single carrier and contiguous carrier aggregation, this requirement is expected to be feasible without significant change to current components and designs.

An excess minimum output power potentially increases Rise over Thermal (RoT). It would lead to the reduction of the cell coverage area for other UEs. To avoid it, the power density at the minimum output power from one UE should remain the same as that of Rel-8 as shown in Fig 6.3.2-1. 
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Figure 6.3.2-1 Minimum output power for intra band contiguous CA
It is proposed that the Minimum output power for intra-band contiguous CA: requirement per CC should remain the same as Rel-8 under the condition that the minimum power is transmitted on both CC. Note that these requirements are applied to the UEs with a single transmitter antenna.

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

4) ULMA (Up link multiple antenna) 
For UE with multiple transmit antennas, the minimum output power is defined per antenna port with the same requirements as Rel-8/Rel-9.
5) CPE (Customer Premises equipment)

6.3.3
Transmit OFF power

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

1) CA_X    (Intra band  contiguous CA)
Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

Compared to the minimum power requirements, this requirement is more critical since that ON/OFF time mask requirements are quite stringent for Rel-8/9. In addition, when one component carrier is in the transmit OFF state, the in-band emission from another component carrier could be larger than the OFF power requirements currently specified in Rel-8. On the other hand, if both carriers are OFF, the OFF power requirements could remain the same at each CC.

An excess transmit OFF power potentially increases Rise over Thermal (RoT). It would lead to the reduction of the cell coverage area for other UEs. To avoid it, the transmit OFF power density from one UE should remain the same as that of Rel-8 as shown in Fig 6.3.3-1. 
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Figure 6.3.3-1 Transmit OFF power for intra band contiguous CA
In conclusion, the OFF power for intra-band contiguous CA: the requirement per CC should remain the same as Rel-8 under the condition that both CCs are OFF. Note that these requirements are applied to the UEs with a single transmitter antenna.

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

4) ULMA (Up link multiple antenna) 
For UE with multiple transmit antennas, the transmit OFF power is defined per antenna port with the same requirements as Rel-8/Rel-9.
5) CPE (Customer Premises equipment)

6.3.4 ON/OFF time mask 
For UE with multiple transmit antennas, the output power ON/OFF time mask is defined per antenna port with the same requirements as Rel-8/Rel-9.
6.3.5
Power Control

<End of section>

<Next section: TP for Annex B >
6.3
Output power dynamics

6.3.1
(Void)

6.3.2
Minimum output power

The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value.

6.3.2.1
Minimum requirement

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2.1-1. 
Table 6.3.2.1-1:  Minimum output power
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.2A

CA UE Minimum output power

For intra-band contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the transmit power of the UE per component carrier, i.e., the power in the channel bandwidth of each component carrier for all transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum value. 

6.3.2A.1
Minimum requirement

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2A.1-1. 
Table 6.3.2A.1-1:  Minimum output power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.2B

UE Minimum output power for UL-MIMO
For UE with multiple transmit antennas, the minimum controlled output power is defined as the broadband transmit power of UE on one antenna port, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks) on one antenna port, when the power on that antenna port is set to a minimum value.
6.3.2B.1
Minimum requirement

The minimum output power is defined as the mean power per antenna port in one sub-frame (1ms). The minimum output power per antenna port shall not exceed the values specified in Table 6.3.2B.1-1. 
Table 6.3.2B.1-1:  Minimum output power for per antenna port
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3
Transmit OFF power

Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3.1.

Minimum requirement

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1. 
Table 6.3.3.1-1:  Transmit OFF power
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF  power
	-50 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3A

CA UE Transmit OFF power

For intra-band contiguous carrier aggregation, transmit OFF power is defined as the mean power per component carrier when the transmitter is OFF on both component carriers. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3A.1.
Minimum requirement

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3A.1-1. 
Table 6.3.3A.1-1:  Transmit OFF power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF  power
	-50 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3B

UE Transmit OFF power for UL-MIMO
For UE with multiple transmit antennas, transmit OFF power is defined as the mean power per antenna port when the transmitter is OFF on all antenna ports. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3B.1.
Minimum requirement

The transmit OFF power is defined as the mean power per antenna port in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power per antenna port shall not exceed the values specified in Table 6.3.3A.1-1. 
Table 6.3.3B.1-1:  Transmit OFF power per antenna port
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF  power
	-50 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.4
ON/OFF time mask 
6.3.4.1

General ON/OFF time mask 

The General ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. ON/OFF scenarios include; the beginning or end of DTX, measurement gap, contiguous, and non contiguous transmission 
The OFF power measurement period is defined in a duration of at least one sub-frame excluding any transient periods. The ON power measurement period is defined as the mean power over one sub-frame excluding any transient period. 
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.1-1: General ON/OFF time mask 
6.3.4.1A
General ON/OFF time mask for UL-MIMO
For UE with multiple transmit antennas, the ON/OFF time mask requirements in section 6.3.4 apply for each transmitter antenna port.
6.3.4.2 PRACH and SRS time mask
6.3.4.3
Slot / Sub frame boundary time mask
6.3.4.4
PUCCH / PUSCH / SRS time mask
<End of TP >
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