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1 Background
In this contribution we propose to modify the test configuration for the relative and aggregate power tolerances for intra-band contiguous aggregation. The proposals are inspired by earlier attempts in [1] and [2] with due account of the measured results and discussions in [3].
The relative power tolerance is still outstanding for Rel-10; the main difficulty being the alignment requirement in the target subframe following equal power steps on the two component carriers. But power control is independent on the component carriers. The relative power control test should therefore verify that the UE transmitter is capable of independent power control on the two component carriers. The impact on inaccurate power control can be significant as demonstrated in [4]. UEs operating in CA mode will coexist with UEs operating in non-CA mode on the assigned component carriers, whence it is important that the CA capable UE is able to adjust the output power on the two component carriers independently. This is actually captured by the core requirements for DC-HSUPA, but it is allowed to verify the core requirements in 25.101 with the same TPC commands for each of the assigned carriers. For the corresponding E-UTRA requirement, one could drop the latter for the core specifications in 36.101 and replace this with a condition on the maximum difference between the power steps on the two carriers. 
The additional test for aggregate power control performance proposed in [1] and pursued in [3] was intended for verification that the power on the primary component carrier actually increases/decreases after a sequence of UP or DOWN commands while the power should remain constant on the secondary component carrier. If independent power control is verified in the relative test, one could instead verify power increases/decrease and power alignment in one single sweep in an aggregate test. This could actually replace the current aggregate test that does not add much; the ability to maintain the power during non-contiguous transmission is adequately tested for non-CA operation.
2 Modify the relative power control test
First we propose to modify the current test of relative power tolerance in accordance with the corresponding test for DC-HSUPA. The requirements for DC-HSUPA in 25.101
6.4.2.1.1A
Additional requirement for DC-HSUPA

The UE transmitter shall have the capability of changing the output power in each assigned carrier in the uplink with a step size of 1, 2 and 3 dB according to the value of TPC or RP-TPC, in the slot immediately after the TPC_cmd for the corresponding carrier as follows

a)
The transmitter output power step due to inner loop power control in each assigned carrier in the uplink shall be within the range shown in Table 6.4, when the total transmit power in each of the assigned carriers is equal to each other.

b)
The transmitter average output power step due to inner loop power control in each assigned carrier in the uplink shall be within the range shown in Table 6.5, when the total transmit power in each of the assigned carriers is equal to each other. Here a TPC_cmd group is a set of TPC_cmd values derived from a corresponding sequence of TPC commands of the same duration.
c)
The requirements can be tested by sending the same TPC commands for each of the assigned carriers, assuming that the signal powers for the carriers (in terms of DPCCH code power and total power) have been aligned prior to the beginning of the test procedure.
The inner loop power step is defined as the relative power difference between the mean power of the original (reference) timeslot and the mean power of the target timeslot in each carrier, not including the transient duration. The transient duration is from 25(s before the slot boundary to 25(s after the slot boundary.

cover independent power control for changes of the output power can be due to different TPC commands on each assigned carrier (Item b), but it allowed to verify the requirement using same TPC commands on both (Item c). This should not be allowed for the corresponding test for E-UTRA in the core specifications 36.101, but is not ruled out for conformance testing. 
For DC-HSUPA the power in each of the assigned carriers is equal to each other before the power transition, which can be said to correspond to a deployment scenario with co-sited carriers. This would correspond to equal power per PRB across both component carriers for intra-band contiguous CA. The meaning of aligned power per PRB for the assigned carriers in terms of tolerances should be defined in the conformance test specification 36.521-1.
The relative power tolerance requirements for E-UTRA should be specified in the following way for combinations of PUSCH and PUCCH transitions:
1. when the average transmit power per PRB for the assigned carriers is aligned in the reference subframe,
2. the UE shall meet the requirements for all combinations of PUSCH and PUCCH transitions per component carrier as given by the relative power tolerance for non-CA operation (Table 6.3.5.2.1-1 in 36.101).
For PUSCH to PUSCH transitions, the power steps on each component carriers can be set by modifying the PUSCH resource assignment MPUSCH,c (PRB allocation) or by a TPC command PUSCH,c signalled in the uplink signalling grant. Ideally, this means that the transmit PSD should only change with the TPC commands, that is, up to a +3 dB (for accumulation) increase of power per PRB in the target subframe. By insisting on aligned power per PRB across the component carriers in the reference, this means that the power tolerance in the target subframe should not be impacted by in-band emissions across the carriers; these emissions should be at least 25 dB below (IQ image) for compliant UEs. 
The requirements are illustrated in the example in Figure 1: the power per PRB should be the same in the reference (SF#0) and the target subframe (SF#1), but the allocation size is increased on the PCC such that its total power increases. The latter power change should meet the non-CA requirements, while the requirements for a zero power step should be met for the SCC. 
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Figure 1: relative power control with change of allcation on PCC (allocation in SF#0 in blue).
The scenario in Figure 1 would mimic a deployment scenario with co-sited carriers and constant coupling loss.
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. SRS performance could be verified by allocating either simultaneous SRS or simultaneous PUSCH in the reference sub-frame and same options in the target sub-frame. Hence there are either a SRS to SRS or a PUSCH/SRS to SRS/PUSCH transitions on both carriers simultaneously, which corresponds to periodic SRS transitions or SRS piggy-backed on PUSCH, respectively. 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. allocate either simultaneous SRS or simultaneous PUSCH on both carriers in the reference subframe;
3. allocate either simultaneous SRS or simultaneous PUSCH (possibly shortened) on both carriers in the target subframe;
4. apply the same power step on both carriers.

Then for each component carrier, UE shall meet the requirements for combinations of PUSCH/PUCCH and SRS transitions between sub-frames for non-CA operation (there may be transmission gaps between the reference and target sub-frames). That the power step is the same on both carriers also for the core requirement might be seen as restriction, but the SRS configuration is configured in higher-layer signalling and independent power control is already verified for PUSCH. 
The necessary changes relative power tolerance in 36.101 would look as follows (we also add applicability for bandwidth class B):
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 classes B and C, the UE shall meet the following requirements for transmissions on both assigned component carriers  as follows when the average transmit power per PRB across both assigned carriers is aligned in the reference sub-frame:
a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1;
b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions per component carrier as given in Table 6.3.5.2.1-1 with identical power steps on both component carriers and either simultaneous SRS or simultaneous PUSCH allocated in the target and reference subframes, respectively;
c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
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.
3 Replace the existing aggregate test for intra-band CA

Next we propose to replace the current aggregate test that is essentially just a repeat of the non-CA test with a new test configuration to verify in one single sweep the power alignment between carriers and that the carrier powers actually increase/decrease after a sequence of UP or DOWN commands. This was also proposed in [3] for verifying the power alignment; here we make a slight twist of this proposal and ask that the power should increase to within a prescribed range after a sequence of identical UP or DOWN commands on both carriers. The aggregate power tolerance allowed on both carriers should still be such that misalignment in carrier power is not excessive. The core requirements for aggregate power tolerance for DC-HSUPA applied to each carrier are as follows (from 25.101):
Table 6.5 (in 25.101): Transmitter aggregate power control range

	TPC_ cmd group
	Transmitter power control range after 10 equal TPC_ cmd groups
	Transmitter power control range after 7 equal TPC_ cmd groups

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+1
	+8 dB
	+12 dB
	+16 dB
	+24 dB
	+16 dB
	+26 dB

	0
	-1 dB
	+1 dB
	-1 dB
	+1 dB
	-1 dB
	+1 dB

	-1
	-8 dB
	-12 dB
	-16 dB
	-24 dB
	-16 dB
	-26 dB

	0,0,0,0,+1
	+6 dB
	+14 dB
	N/A
	N/A
	N/A
	N/A

	0,0,0,0,-1
	-6 dB
	-14 dB
	N/A
	N/A
	N/A
	N/A


This can be reused for E-UTRA by keeping a fixed PUSCH allocation on both carriers as discussed in [3] throughout the sequence of power control commands. The test procedure would be as follows:
1. the average transmit power per PRB for the transmission on the assigned carriers is aligned at the start of the test
2. PUSCH of a fixed allocation sizes are allocated on both component carriers (the allocation size can differ on the two carriers)
3. the power increase on each component carrier is measured after a sequence of ten TPC commands of step size ±1 dB, equal on both carriers.
For each power step in the sequence, the UE shall meet the requirement on relative power tolerance for fixed PUSCH allocations as stated in the following note in Table 6.3.5.2.1-1 of 36.101:
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.
Unlike for UTRA, we propose to allow for exceptions for e.g. PA mode changes. During the power sweep, up to two exceptions should be allowed for which the tolerance for the power steps could be larger than the required ±1.0 dB but still limited by an upper bound. These exceptions could occur at any time during the TPC command sequence. In order to handle the exceptions, it is proposed not to add the exceptional power step to the final aggregate power. Otherwise, should an exception occur at the last (tenth) step for example, the allowed tolerance for the exception would have to be added to the aggregate tolerance and result in a lax general requirement. This is illustrated in the example in Figure 2 (note that the behaviour displayed in is for illustrational purposed only) in which a power step exceeding the relative power tolerance occurs in the middle of the test sequence. The step test system would allow for exclusion of up to two power steps.
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Figure 2: aggregate power sweep on each CC with allowed exception.
The UTRA relative power tolerance (per step) is tighter than the corresponding requirements for E-UTRA. Nevertheless, we propose to reuse the same requirement for the aggregate tolerance, but allow for removal of up to two steps of the sequence. This could be captured in 36.101 as follows: 
6.3.5A.3
Aggregate power control tolerance 

For intra-band contiguous carrier aggregation, aggregate power control tolerance is the ability of a UE to adjust the output power on each component carrier to within a prescribed range following a sequence of power control commands signalled on PDCCH with DCI Format 0. 

6.3.5A.3.1

Minimum requirements 

For intra-band contiguous carrier aggregation bandwidth classes B and C, the aggregate power tolerance per component carrier is given in Table 6.3.5A.3.1-1. The requirements apply with simultaneous PUSCH allocated, fixed PUSCH resource assignment throughout, the same power step on the assigned carriers and the average transmit power per PRB across both assigned carriers aligned before the first power transition.
Exceptions are allowed for up to two of the power steps of the test patterns in Table 6.3.5A.3.1-1. For any of these exceptions, the relative power tolerance shall not exceed [±6.0] dB in the target subframe. The power change for an exception shall not be included in the aggregate transmitter power control range in Table 6.3.5A.2.1-1.
Table 6.3.5A.3.1-1: Aggregate transmitter power control range

	Power step P
[dB]
	Aggregate transmitter power control range on each component carrier after 10 equal power steps

	
	Lower [dB]
	Upper [dB]

	+ 1
	+6
	+12

	-1
	-6
	-12

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


The requirements are the same as for UTRA, except that the lower tolerance limits have been relaxed by 2 dB to account for up two exceptions that would not be counted. Nevertheless, the power tolerance for these exceptional steps is still a tentative [±6.0] dB: failure to meet this means that the entire test is failed. The point is that the UE should have the ability to change the power accurately during most of the power step sequence. The removal of up to two steps is left to the conformance specification. The maximum power misalignment between the two carriers after 10 steps (minimum 8 steps) is 6 dB. 
4 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 with that described in Section 2, the purpose of which is to verify that the UE is able to control its output power on each carrier in an independent way,
b) replace the existing test for aggregate power control in Clause 6.3.5A.2 of 36.101 with that described in Section 3, the purpose of which is to ensure that the power of the component carriers actually increase/decrease for a sequence of UP/DOWN commands and that the misalignment of carrier powers is not excessive following the sequence.
A CR for making these changes in the Rel-10 version of 36.101 is supplied in [5]. 
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