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1 Background
The relative power accuracy requirement for intra-band CA still contains TBD: the power difference between the CCs for PUSCH and PUCCH transitions and transitions with SRS symbols:
For CA Bandwidth Class C, the UE transmitter shall have the capability of changing the output power in each assigned component carrier in the uplink with a step size of P between subframes on each component carrier as follows

a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1, when the transmit power for the transmission on each assigned carrier is aligned to within TBD dB in the reference sub-frame;

b)
the requirements for combinations of PUSCH/PUCCH and SRS transitions between sub-frames are given in Table 6.3.5.2.1-1 when the target and reference subrames are configured for simultaneous SRS or simultaneous PUSCH with the transmit power for the PUSCH transmission on each assigned carrier aligned to within TBD dB if transmitted the reference sub-frame;

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
Before starting we recall the relative power control accuracy on a component carrier has an impact on the system- and user- capacity, see e.g. the results presented in [1] that are applicable per component carrier in any deployment with mix of UE(s) configured for CA or operated in fall-back mode. For CA, the purpose of the test should therefore be to verify that the UE can make a relative change on one component carrier in the presence of an allocation on the other, and that the UE can make simultaneous relative changes on the two component carriers (the power control per component carrier). 
We have proposed a restriction on the power difference between the component carriers in the reference sub-frame for the relative power change on a CC for which a certain tolerance applies (for single-carrier) may be much larger than the change of the total power per UE [2]. Another aspect is that the accuracy requirements should apply only when the power spectral density (PSD) of the reference or target subframes of the CC under test is above the in-band emission level produced by the other CC. Figure 1 shows a case then the transmitted PSD of both CCs is unequal in the reference subframe, and the PSD in the target subframe is just above the in-band emissions level following a change P of CC2 (decrease of power) while the power of CC1 is kept constant. These in-band emissions are measured at the TX port, hence not the same as the in-band emissions mask specified in 36.101 measured after FFT. 

[image: image13.bmp]
Figure 1: PSD levels before and after a power transition in CC2.
One way to avoid the problem with in-band leakage across carriers and still meet the purpose of the test is to require that the average power per PRB is the same across both CCs in the reference sub-frame, contrary to the configuration in Figure 1. Then the relative difference between the power steps on the two CC(s) should be limited so that the change of the total power is limited and the in-band emissions of the higher-power CC will not influence the accuracy of power change of the lower-power CC. In practice, large relative PSD changes on a CC can only occur for transitions between different transport formats or between different transmissions, e.g. a PUSCH to PUCCH transition on one of the CC(s).
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Figure 2: the PSD in the reference sub-frame (before the power transition).
We propose to limit the power steps of the two component carriers (power steps allowed on both) such that

(1.1)
|P1 – P2| ≤ [10] dB 

with P1 and P2 the step sizes on CC1 and CC2, respectively. If the average power per PRB is aligned in the reference sub-frame, e.g. within ±2 dB, then the in-band emission can only possibly be a limitation in the target sub-frame after the power transition. The minimum requirements for in-band emissions in 36.101 are applicable after FFT, whereas in this case the emissions at the TX antenna port must be considered. The behaviour of this latter “pre-FFT mask” is similar, but the levels are different.  Looking at the former, we note from Table 1 below (Table 6.5.2A.3.1-1 in 36.101 for CA) that the basic mask is at least 25 dB below the PRB allocation as measured in the unallocated CC. For the present test, a negative power step should therefore not decrease the PSD in any of the CC(s) by more than 25 dB with an added margin to account for the pre-FFT conditions. This is included in the restriction (1.1) that will limit any PSD change to a tentative 10 dB to remove the impact of in-band emissions in the target sub-frame, and the maximum power difference between the CC(s) is also limited.
For the purpose of the test, we observe that limitation (1.1) will not put undue constraints, we
1. still allow a PRB change from e.g. 1 to 10 PRB on the CC under test (or any ten-fold increase) while keeping the power of the other CC constant (P = 0 dB for the latter),
2. account for realistic power control adjustments of the transmitted PSD across the two CC(s) due to or change of transport formats across sub-frames or different transmissions (the PSD for PUCCH on the PCC and PUSCH on the SCC can be different).
The requirements apply when the power level of both CC(s) exceed the minimum power level in both the reference and target sub-frames, which limits the allowed power steps close to the minimum power.
Table 1 (Table 6.5.2A.3.1-1 in 36.101): Minimum requirements for in-band emissions

	Parameter 
	Unit
	Limit
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 1)

	IQ Image
	dB
	-25
	Exception for IQ image 

(Note 2)

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Exception for Carrier frequency (Note 3)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	Note 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 8. The limit is evaluated in each non-allocated RB. The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs

Note 2:
Exceptions to the general limit is allowed for up to 
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contiguous non-allocated RBs. The measurement bandwidth is 1 RB.

Note 3:
Two exceptions to the general limit is allowed for up to two contiguous non-allocated RBs. The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in the non-allocated RB to the measured total power in all allocated RBs.

Note 4:
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is the Transmission Bandwidth (see Figure 5.6-1) not exceeding 
[image: image6.wmf]ë

û

1

2

/

-

RB

N

 

Note 5:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1) of the component carrier with RBs allocated. 

Note 6:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

Note 7:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

Note 8:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


2 Proposal
Before discussing the specification changes we consider SRS limitations. For SRS accuracy there are a number of limitations in the specifications, according to 36.213
A UE shall not transmit SRS whenever SRS and PUSCH transmissions happen to coincide in the same symbol. 

and for simultaneous PUCCH and SRS:

A UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is FALSE. A UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as defined in Sections 5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.
We therefore propose not to include Rel-10 tests for simultaneous PUSCH and SRS on different CC in the same sub-frame, and there is no scaling rule for this case in 36.211. Likewise we propose to set the parameter ackNackSRS-SimultaneousTransmission to FALSE and avoid simultaneous PUCCH and SRS. For Rel-10 we propose to restrict the tests for simultaneous transitions between PUSCH on different CC and SRS different CC(s):

the requirements for combinations of PUSCH/PUCCH and SRS transitions between sub-frames given in Table 6.3.5.2.1-1 apply when the target and reference subrames are configured for either simultaneous SRS or simultaneous PUSCH 
Another simplification is to avoid simultaneous PUCCH and PUSCH transmissions in the reference or target subframes, which has no impact on the test coverage. Hence the possible transitions are
1. for the reference sub-frame: either simultaneous SRS or simultaneous PUSCH across the two CC(s), one contiguous allocation on each CC

2. for the target sub-frame: either simultaneous SRS or simultaneous PUSCH across the two CC(s), one contiguous allocation on each CC.
Then the specification text:
1. in the reference subframe, the average power per PRB should be aligned to within +/- 2dB 

2. the maximum relative power change between the CC(s) is limited to a tentative 10 dB (the power can change in both CCs)
6.3.5A
Power control for CA
The requirements apply for one single PUCCH, PUSCH or SRS transmission of contiguous PRB allocation per component carrier.
6.3.5A.1
Absolute power tolerance

The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on each active component carriers larger than 20ms. The requirement can be tested by time aligning any transmission gaps on the component carriers.

6.3.5A.1.1

Minimum requirements 
For intra-band contiguous carrier aggregation bandwidth class C the absolute power control tolerance per component carrier is given in Table 6.3.5.1.1-1.
6.3.5A.2
Relative power tolerance

6.3.5A.2.1
Minimum requirements 

The requirements apply when the power of the target and reference sub-frames on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by PUMAX as defined in subclause 6.2.5A.

For intra-band contiguous carrier aggregation bandwidth class C, the UE transmitter shall have the capability of changing the output power in each assigned component carrier in the uplink with step sizes of P1 and P2 between sub-frames on the two respective  component carriers as follows

a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1, when the average transmit powers per PRB for the transmissions on the assigned carriers are aligned to within ±[2] dB in the reference sub-frame and the step sizes are such that |P1 – P2| ≤ [10] dB;

b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions between sub-frames given in Table 6.3.5.2.1-1 apply per component carrier when the target and reference subframes are configured for either simultaneous SRS or simultaneous PUSCH, and the average transmit power per PRB for the transmissions on the assigned carriers aligned to within ±[2] dB in the reference sub-frame and step sizes such that |P1 – P2| ≤ [10] dB;

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
6.3.5A.3
Aggregate power control tolerance 

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in [TS 36.213] are constant on all active component carriers. 

6.3.5A.3.1

Minimum requirements 

For intra-band contiguous carrier aggregation bandwidth class C, the aggregate power tolerance per component carrier is given in Table 6.3.5.3.1-1 with simultaneous PUCCH and PUSCH configured if supported. The requirement can be tested with the transmission gaps time aligned between component carriers.
We provide a Rel-10 CR in [3], changes for the Rel-11 version requires further study of an update of the RACH requirement following changes of the RACH procedure. Exceptions in the test patterns for PA mode changes should also be allowed, but this is pending definition of the test patterns (exceptions may only have to be specified along with the test patterns in 36.521-1).
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