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1 Background
In this contribution we propose a modified test for verification of the relative power control accuracy of E-UTRA for intra-band CA in view of recent discussions on the alignment requirement between the carriers, see e.g. [1] and [2]. 
The impact on inaccurate power control can be significant: for non-CA operation, the average user throughput can be reduced by 50% at high cell load or the average system performance reduced by some 20% at a fixed user throughput as demonstrated in [3]. The existing requirements on relative power control for intra-band CA are built on the non-CA requirements for each uplink component carrier, but with additional alignment requirements in the target and reference subframes. 
In [2] it is proposed to drop the requirement on the alignment requirement in the target subframe: 
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 power per PRB for the transmission on the assigned carriers are aligned to within ±[2] dB in the reference sub-frame and the target subframe after the transition.
Should the requirement on the alignment in the target subframe be dropped, the behaviour in Figure 1 would be allowed; for a power step of P = +3 dB on two power-aligned component carriers, the power of the PCC is increased by 6.5 dB in the target subframe while the SCC power is decreased by 0.5 dB. Thus, the power difference is allowed to be up to 7 dB after the transition since the non-CA requirements would apply on each component carrier independently. The power difference could further increase for further adjustments on the two component carriers, and the power difference between the component carriers diverge even if the TPC command is equal on both.   
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Figure 1: power levels before and after a power transition of P = +3 dB on two aligned uplink component carriers.

The merit of a test without alignment requirement is questionable. In [4] it was proposed to specify a requirement for the target subframe such that the power levels after the transition are aligned within a limit slightly larger than that for the reference subframe (now ±2 dB) but small enough to prevent the behaviour in Figure 1. However, notwithstanding that the existing non-CA requirements actually allow a UE to decrease its power when subject to an UP command, verifying the relative power accuracy for CA after an equal power step P on both component carriers does not add much to the existing single carrier requirements, regardless of alignment requirement.  

Power control is independent on the component carriers. Therefore, a more relevant test is to verify that the UE is able to control its output power in an independent way. This is actually covered by the core requirements for DC-HSUPA, but it is allowed to verify the requirements in 25.101 with the powers of the two carriers aligned. 

In this contribution we propose a test configuration in which the output power on the PCC should be changed while the SCC power is “constant”. We also discuss an additional test for verifying that the output power in the PCC is actually increased after a sequence of identical power steps while the SCC power is unchanged (within tolerances).
2 Verifying independent power control on the component carriers
The relative power control accuracy on the two component carriers should be verified in the following way for PUSCH:
1. the average transmit power per PRB for the assigned carriers should be aligned at the start of the test 

2. send a TPC command with a power step P on the PCC with PUSCH allocated in the target and reference subframes

3. send a TPC command with a power step P = 0 dB on the SCC with a fixed PUSCH allocation in the target and reference subframes.
The meaning of “aligned” in terms of tolerances should be defined in the conformance test specification 36.521-1. The minimum requirements are as follows:

a. the power tolerance on the PCC in the target subframe shall be the same as the non-CA requirements 

b. the power tolerance on the SCC in the target subframe shall be the same as the non-CA requirements for PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes (TDD).

The requirements structure is illustrated in Figure 2 
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Figure 2: requirements for verifying independent power control on the component carriers.

and we recall the non-CA (Rel-8) requirements in Table 1 below. 
For UE(s) supporting simultaneous PUCCH and PUSCH the following test configuration:
1. the average transmit power per PRB for the assigned carriers should be aligned at the start of the test 

2. send a TPC command with a power step P on the PCC with PUCCH allocated in the target and reference subframes

3. send a TPC command with a power step P = 0 dB on the SCC with a fixed PUSCH allocation in the target and reference subframes.

The requirements in Item a and Item b would also apply for PUCCH.
For the SCC the the relative power tolerance for transmission is ±1.0 dB when the allocation is fixed. The requirements for PUSCH or PUCCH on the PCC are according the “All combinations of PUSCH and PUCCH transitions” in Table 1 below.  
Table 1 Relative Power Tolerance for Transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5 (Note 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

Note 2:
For operating bands under Note 2 in Table 6.2.2-1, the relative power tolerance is relaxed by increasing the upper limit by 1.5 dB if the transmission bandwidth of the reference sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the target sub-frame is not confined within any one of these frequency ranges; if the transmission bandwidth of the target sub-frame is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the reference sub-frame is not confined within any one of these frequency ranges, then the tolerance is relaxed by reducing the lower limit by 1.5 dB. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


The power step (ΔP) is defined as the difference in the calculated setting of the UE Transmit power between the target and reference sub-frames with the power setting according to subclause 5.1 of [TS 36.213]. The error is the difference between ΔP and the power change measured at the UE antenna port with the power of the cell-specific reference signals kept constant. The error shall be less than the relative power tolerance specified in Table 6.3.5.2.1-1.

For SRS the situation is slightly more complicated since a UE configured with a single TAG (the only possibility in Rel-10) shall not transmit SRS whenever SRS and PUSCH transmissions happen to overlap in the same symbol. Then the following test configuration could be used:
1. the average transmit power per PRB for the assigned carriers should be aligned at the start of the test 

2. send a TPC command with a power step P on the PCC with periodic SRS allocated in the target and reference subframes (smallest periodicity)

3. send a TPC command with a power step P = 0 dB on the SCC with an SRS allocation in the target and reference subframes.

The requirement would be as follows

c. the power tolerance on the PCC in the target subframe shall be the same as the non-CA requirements 

d. the power tolerance on the SCC in the target subframe shall be the same as the non-CA requirements for SRS to SRS transitions with power step P = 0 dB.
For TDD, the requirements should be verified with no transmission gaps other than those generated by downlink subframes. SRS requirements according to “All combinations of PUSCH/PUCCH and SRS transitions between sub-frames” in Table 1 are somewhat relaxed, which means that SRS power in the target subframe is allowed to decrease relative to the power in the SCC unless the power step P is large. 
3 The test configuration in 36.101
The specification text for the modified test would look as follows:
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 both assigned component carriers as follows when the average transmit power per PRB for the transmission on the assigned carriers is aligned in the reference sub-frame:
a)
the requirements for all combinations of PUSCH and PUCCH transitions given in Table 6.3.5.2.1-1 shall be met on the primary component carrier with either PUSCH or PUCCH allocated in the target and reference sub-frames, while a relative power tolerance for transmission is ±1.0 dB is met on the secondary component carrier with P = 0 dB and PUSCH allocated fixed in frequency.

b)
the requirements for combinations of PUSCH/PUCCH and SRS transitions between sub-frames given in Table 6.3.5.2.1-1 shall be met on the primary and secondary component carriers with periodic simultaneous SRS allocated in the target and reference sub-frames, while P = 0 dB on the secondary component carrier.

c)
the requirements in a) apply with no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD.

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. 

The RACH requirements for CA could be removed from the Rel-10 version since these only apply for the primary component carrier. Additional requirements for RACH for CA would only be relevant for transmission on the secondary component carrier (FFS). In the Rel-12 version we add that the requirements are applicable for a single TAG.

The provision in Item c is needed for the ±1.0 dB relative power tolerance on the secondary component carrier with PUSCH fixed in frequency.
4 Additional aggregate test for intra-band CA

One could also add an additional test for aggregate power control performance to verify that the power on the primary component carriers actually increase/decrease after a sequence of UP or DOWN commands while the power should remain constant on the secondary component carrier. The requirements would be as follows with the average transmit power per PRB for the transmission on the assigned carriers aligned at the start of the test:

1. the power level on the primary component carrier should increase/decrease within certain limits after a sequence of UP/DOWN commands, while P = 0 dB on the secondary component carrier;
2. simultaneous PUSCH is configured with fixed allocations on the component carriers throughout the test;
3. the total output power of the UE shall be in between the minimum out power for CA (clause 6.3.2A) and the maximum as determined by the configured output power (clause 6.2.5A) for the allocation (band dependent). 

The requirements are illustrated in Figure 3. The tolerance on the SCC should be smaller than that on the PCC, while the output power on the PCC should increase/decrease compared to the PCC power at the start of the test. 
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Figure 3: additional test for verifying independent power control on the component carriers.
This could be captured in 36.101 as follows: 
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.
6.3.5A.4
Additional requirement on aggregate power control tolerance
The purpose of the test is to verify the ability of the UE transmitter to adjust its output power on each component carrier in accordance with one or more power control commands received in the downlink.
6.3.5A.4.1
Minimum requirements
For intra-band contiguous carrier aggregation bandwidth class C, the requirements specified in Table 6.3.5A.4.1-1 apply for each component carrier with the total output power within the range bounded by the minimum output power as defined in subclause 6.3.2A and the measured PUMAX as defined in subclause 6.2.5A, and with simultaneous PUSCH allocated fixed in frequency.
The test patterns are a monotonically increasing power sweep or a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.2A and 6.2.5A. The power step is always P = 0 dB on the secondary carrier. To account for RF Power amplifier mode changes TBD exceptions are allowed for each of two test patterns. For these exceptions the power tolerance limit is a maximum of ±TBD dB in Table 6.3.5A.4-1.
Table 6.3.5A.4.1-1: Transmitter aggregate power control range for contiguous steps
	Value in TPC Command Field for both CC

[dB]
	Sequence of power steps on the primary component carrier
	Tolerance for on the primary component carrier

[dB]
	Tolerance for on the secondary component carrier

[dB]

	
	
	Lower
	Upper
	Lower
	Upper

	-1 
	TBD
	TBD
	TBD
	TBD
	TBD

	1 
	TBD
	TBD
	TBD
	TBD
	TBD

	3 
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
The requirements apply for fixed PRB allocations and with no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD.



The additional aggregate test could possibly replace the existing aggregate test for intra-band CA in 6.2.5A.3.
5 Proposal

It is proposed to 

a) modify the existing test for relative power control accuracy for intra-band contiguous aggregation in Clause 6.3.5A.2 of 36.101 to verify that the UE is able to control its output power in an independent way. 

b) consider the introduction of an additional test for verifying aggregate power control to make sure that the power of the primary component carriers actually increase/decrease for a sequence of UP/DOWN commands while the are no power steps signaled for the secondary component carrier.
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