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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 maximum output power is defined per UE.
· For multiple antenna ports mode, the maximum output power is 23dBm +2/[-3]dB per UE. For single antenna port mode, the maximum output power is 23dBm +2/[-2]dB per UE.

This document gives further analysis on power tolerance. The text proposal for the LTE Rel-10 UE TR36.807[3] is also given based on the analysis.

2 Discussion
The Power class tolerance is designed to address the following implementation issues [5]
1. Change of output power with temperature
2. Change of output power with battery voltage
3. Impact of higher power class in terms of EMC issues

In Rel-8/Rel-9, the maximum output power is 23dBm with +2/-2 dB tolerance. If the same PAs are reused in Rel-10, then the maximum output power per antenna port is 23dBm +2/-2 dB. However for per antenna port power values less than 23dBm, the tolerance must be compatible with the values given in Table 6.2.5-2 in [6]. 
Companies have also expressed a desire ([7] and [8]) that all UE UL-MIMO antenna ports should be tested. Otherwise using a combiner to measure total power would most likely lead to an increase in test tolerance values due to test setup issues.

Proposal 1: Define the total maximum power requirement of a UL MIMO UE as the sum of power measured over each antenna port.
RAN4 has discussed the PA configurations for UL-MIMO. RAN4 has the agreements that following three PA configurations should be included in LTE-A [4] (N = 2 or 4):
Config 1: N ×23dBm PAs

Config 2: N ×(23-10lgN) dBm PAs 

Config 3: 1×23dBm + (N-1)×x dBm PAs, where x ≤ 23dBm
The RF performance requirements should not depend on configuration. Therefore, the RF performance requirements for UL-MIMO should be defined in an implementation independent way [8].
1. MOP requirements for single antenna port mode
Single antenna port mode has three possible options as stated in [7] and [9]
· Using only 1 TX antenna

· TX antenna switching between physical antennas

· Single layer pre-coding with 2 TX antennas

As stated in [9] it is proposed that UL MIMO UE in the single antenna port mode should meet the same requirements as Release 8/9 UE, irrespective of the above options. 

Proposal 2: An UL-MIMO UE should meet Rel-8/Rel-9 TX requirements in single antenna port mode, the maximum output power per UE is 23dBm +2/-2 dB.
2. MOP requirements for multiple antenna ports mode
As has been discussed before the output power and tolerance must be compatible with the values given in Table 6.2.5-2 in [6]. For the UL-MIMO two antennas case, the power tolerance per antenna port at 20dBm would need to be relaxed to 2.5dB [6]. The higher limit of total transmit power per UE would be 25.5dBm. To satisfy SAR/EMC requirements of 25dBm, either the nominal transmit power or the power tolerance would need to be changed. Changing the power tolerance gives a maximum output power per UE of 23dBm +2/-3 dB. Note the additional 1dB relaxation can be compensated by the TX diversity gain. 
Proposal 3: For multiple antenna ports mode, the maximum output power per UE is 23dBm +2/-3 dB.
3 Conclusion 

This paper analyzes the power tolerance for maximum output power and gives two proposals on MOP:

Proposal 1: Define the total maximum power requirement of a UL MIMO UE as the sum of power measured over each antenna port.
Proposal 2: An UL-MIMO UE should meet Rel-8/Rel-9 TX requirements in single antenna port mode, the maximum output power per UE is 23dBm +2/-2 dB.
Proposal 3: For multiple antenna ports mode, the maximum output power per UE is 23dBm +2/-3 dB.
Corresponding text proposal for TR 36.807 v0.2.0 [3] is proposed.
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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. 
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)
In Rel-8/Rel-9, the maximum output power is 23dBm with +2/-2 dB tolerance. If the same PAs are reused in Rel-10, then the maximum output power per antenna port is 23dBm +2/-2 dB. However for per antenna port power values less than 23dBm the tolerance must be compatible with the values given in Table 6.2.5-2 in 36.101. 
Companies have also expressed a desire that all UE UL-MIMO antenna ports should be tested. Otherwise using a combiner to measure total power would most likely lead to an increase in test tolerance values due to test setup issues. The total maximum power requirement of a UL MIMO UE is defined as the sum of power measured over each antenna port. 
RAN4 has discussed the PA configurations for UL-MIMO. RAN4 has the agreements that following three PA configurations should be included in LTE-A (N = 2 or 4):
Config 1: N ×23dBm PAs

Config 2: N ×(23-10lgN) dBm PAs 

Config 3: 1×23dBm + (N-1)×x dBm PAs, where x ≤ 23dBm
The RF performance requirements should not depend on configuration. Therefore, the RF performance requirements for UL-MIMO should be defined in an implementation independent way.
Maximum Output Power requirements for single antenna port mode
Single antenna port mode has three possible options:
· Using only 1 TX antenna

· TX antenna switching between physical antennas

· Single layer pre-coding with 2 TX antennas

UL MIMO UE in the single antenna port mode should meet the same requirements as Release 8/9 UE, irrespective of the above options. 

MOP requirements for multiple antenna ports mode

For the UL-MIMO two antennas case, the power tolerance per antenna port at 20dBm would need to be relaxed to 2.5dB. The higher limit of total transmit power per UE would be 25.5dBm. To satisfy SAR/EMC requirements of 25dBm, either the nominal transmit power or the power tolerance would need to be changed. Changing the power tolerance gives a maximum output power per UE of 23dBm +2/-3 dB. Note the additional 1dB relaxation can be compensated by the TX diversity gain. So for multiple antenna ports mode, the maximum output power per UE is 23dBm +2/-3 dB.
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 
6.2.5
Configured transmitted Power

Another area for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since the configured accuracy in terms of accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain 

<End of section>

<Next section: TP for Annex B >
6.2
Transmit power

6.2.1
Void

6.2.2
 UE Maximum Output Power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA 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
	±22
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±2
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±2[2]
	
	

	21
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 
Note 3:      For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


6.2.2A
 CA UE Maximum Output Power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the carrier aggregation channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2A-1: CA UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/[-2]
	
	

	CA_40C
	
	
	
	
	23
	+2/[-2]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).



6.2.2A
 UE Maximum Output Power for UL-MIMO
For UE with multiple transmit antenna, the maximum output power requirements apply to the sum of transmit power across all the antenna ports.
Requirements in table 6.2.2.-1 apply to UE in the single antenna port mode. 
The following UE Power Classes define the maximum output power for any transmission bandwidth within the carrier aggregation channel bandwidth for UE in the multiple antenna ports mode. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.2-1 B: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	+2/-3
	
	

	2
	
	
	
	
	23
	+2/-32
	
	

	3
	
	
	
	
	23
	+2/-32
	
	

	4
	
	
	
	
	23
	+2/-3
	
	

	5
	
	
	
	
	23
	+2/-3
	
	

	6
	
	
	
	
	23
	+2/-3
	
	

	7
	
	
	
	
	23
	+2/-32
	
	

	8
	
	
	
	
	23
	+2/-32
	
	

	9
	
	
	
	
	23
	+2/-3
	
	

	10
	
	
	
	
	23
	+2/-3
	
	

	11
	
	
	
	
	23
	+2/-3
	
	

	12
	
	
	
	
	23
	+2/-32
	
	

	13
	
	
	
	
	23
	+2/-3
	
	

	14
	
	
	
	
	23
	+2/-3
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	+2/-3
	
	

	18
	
	
	
	
	23
	+2/-3
	
	

	19
	
	
	
	
	23
	+2/-3
	
	

	20
	
	
	
	
	23
	+2/-3 [2]
	
	

	21
	
	
	
	
	23
	+2/-3
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	+2/-3
	
	

	34
	
	
	
	
	23
	+2/-3
	
	

	35
	
	
	
	
	23
	+2/-3
	
	

	36
	
	
	
	
	23
	+2/-3
	
	

	37
	
	
	
	
	23
	+2/-3
	
	

	38
	
	
	
	
	23
	+2/-3
	
	

	39
	
	
	
	
	23
	+2/-3
	
	

	40
	
	
	
	
	23
	+2/-3
	
	

	
	
	
	
	
	
	
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 
Note 3:      For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


6.2.3
UE Maximum Output power for modulation / channel bandwidth 
For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1:  Maximum Power Reduction (MPR) for Power Class 3

	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

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.
<End of TP >
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