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1.
Introduction

The Relative power tolerance core requirement for CA in the latest version of TS 36.101 [1] has been updated following agreement of R4-142932 [2] at RAN4#71. The update was required because the previous requirement was untestable, as explained in R4-134783 [3]. 
To ensure the new requirement would be testable, some early thought was given to the test method. This Tdoc aims to capture the discussion so far, and considers how to modify the test currently in TS 36.521-1 [4]. 
2.
Changes to the core requirement
For CA Relative power tolerance, the main problem with the original requirement was the condition “..when the average transmit power per PRB for the transmissions on the assigned carriers are aligned to within ±[2] dB in the reference sub-frame and the target subframe after the transition”. Even if the condition could be met before a power change (“aligned to within ±[2] dB in the reference sub-frame”), it could not be met after a power change (”aligned to within ±[2] dB in the ..target subframe after the transition”) because each CC is allowed quite a wide tolerance on the nominal power step, which refers back to the single carrier requirement defined in TS 36.101 Table 6.3.5.2.1-1.

The revised CA Relative power tolerance requirement retains the requirement to align the average transmit power per PRB across both carriers in the reference sub-frame, but does not require alignment after a power change. Note also that the requirement to align in the reference sub-frame does not specify a figure, since this depends on both the UE power step requirement for each CC, and the uncertainties achievable by RAN5. A derivation of this figure is given in Annex B of this Tdoc. 
3.
Test method
The behaviour of the UE with a single carrier will have been tested by the existing Rel-8 test case 6.3.5.2. For CA, there are broadly 2 new scenarios to be tested:

· One CC constant, other CC changes allocation hence power (scenario: UE allocation changes)

· PCC and SCC get equal TPC commands (scenario: UE moves towards/away from Base station)
There are a large number of possible combinations that could be tested. As the behaviour of the UE with a single carrier will have been tested by the existing Rel-8 test case 6.3.5.2, the proposals below aim to cover the additional functionality with 2 CCs.
3.1: One CC constant, other CC changes allocation

The following considerations set the parameters proposed:

· The initial low allocation of 1 RB on the SCC is set with a target power of -17dBm. This is chosen because the absolute power of each CC can be set to within ±2dB in the reference subframe, and may also vary ±1dB in the target subframe, as per TS 36.101 [1] Table 6.3.5.2.1-1 Note 3. This gives an overall variation of ±3dB, to stay above the side condition of -20 dBm on each CC.
· In the reference subframe the PCC and SCC have equal spectral density, as required by TS 36.101 [1] clause 6.3.5A.2.1.
· In the reference subframe the PCC starts with an 5RB allocation, larger than the SCC. In the target subframe the PCC remains at 5RB, but the SCC allocation is increased to 8RB, giving a nominal 9dB increase in power for the SCC. This avoids a large power difference between PCC and SCC, which could result in significant IQ image power affecting the accuracy of the lower power carrier [6].
· In the reference subframe the largest power difference is (7dB ±4dB intial alignment) = 11dB.

· In the target subframe the largest power difference is (+9dB – 7dB ±4dB intial alignment ±4dB tolerance for SCC power step ±1dB tolerance for PCC 0dB power step) = 11dB.
· If the test is run with 4 subtests starting at power levels separated by 9dB, most of the UL power range can be covered

Each subtest would have steps as below:

1. Align spectral density in the reference subframe, using 5RB on the PCC and 1 RB on the SCC

2. Measure PCC and SCC power

3. Increase SCC allocation to 8RB

4. Measure PCC and SCC power, check against specified tolerance

The subtest is run with SCC target powers of -17dBm, -8dBm, +1dBm and +10dBm. Each subtest applies the specified tolerance, but two exceptions up to ±6dB are allowed as per TS 36.101 [1] clause 6.3.5A.2.1. Maximum power tolerances may also affect the upper test limit of the last subtest. 
The test can be run for UEs supporting any operating bands, even if one CC is limited to 1.4MHz channel BW. It is FFS whether it is necessary to run the test in all CC combination settings.
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3.2: Both PCC and SCC get equal TPC commands
The following considerations set the parameters proposed:

· The initial PCC and SCC are set with a target power of -17dBm. This is chosen because the absolute power of each CC can be set to within ±2dB in the reference subframe, and either CC may decrease by 0.5dB in the target subframe when commanded to increase 3dB, as per TS 36.101 [1] Table 6.3.5.2.1-1. This gives an overall variation of -2.5dB, to stay above the side condition of -20 dBm on each CC.

· In the reference subframe the PCC and SCC have equal spectral density, as required by TS 36.101 [1] clause 6.3.5A.2.1.

· In the reference subframe the largest power difference is (0dB ±4dB intial alignment) = 4dB.

· In the target subframe the largest power difference is (±3.5dB tolerance for PCC power step ±3.5dB for SCC power step ±4dB intial alignment) = 11dB.

· If the test is run with 12 subtests starting at power levels separated by 3dB, most of the UL power range can be covered

Each subtest would have steps as below:

1. Align spectral density in the reference subframe, using same RB allocation on the PCC and the SCC

2. Measure PCC and SCC power

3. Apply +3dB TPC to PCC and SCC
4. Measure PCC and SCC power, check against specified tolerance

The subtest is run with PCC and SCC target powers of -17dBm, -14dBm.. in 3dB steps up to +16dBm. Each subtest applies the specified tolerance, but two exceptions up to ±6dB are allowed as per TS 36.101 [1] clause 6.3.5A.2.1. Maximum power tolerances may also affect the upper test limit of the last subtest.
If the allocation is ≤ 6RB, the test can be run for UEs supporting any operating bands, even if one CC is limited to 1.4MHz channel BW. It is FFS whether it is necessary to run the test in all CC combination settings, and it is FFS whether the test also needs to be run starting at high power, and using -3dB TPC.
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4.
Way forward
The current Intra-band contiguous Power Control Relative power tolerance test for CA in TS 36.521-1 in effect applies the Rel-8 single CC requirements to each CC. It also has a CC alignment condition which is not achievable, and the test case is therefore incomplete. The CC alignment condition has been modified in the TS 36.101 [1] core requirement, and is now achievable.  
This Tdoc proposes new test methods which target the new requirements introduced by having two CCs on the uplink, each with independent power control. The intention is to replace the current test method.   
· RAN5 is asked to consider the new test methods here, and decide whether they are a good basis for a revised test.    
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Annex A: Extract from TS 36.101 v10.15.0
For Relative power tolerance in intra-band contiguous CA, TS 36.101 [1] clause 6.3.5A refers back to the non-CA requirements for a single CC in clause 6.3.5. Relevant extracts from [1] are shown below, and include the agreed CR R4-142932 [2]: 

6.3.5
Power Control
<< Some clauses skipped >>
6.3.5.2
Relative Power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.

For PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1. 
6.3.5.2.1
Minimum requirements

<< Some text skipped >>
Table 6.3.5.2.1-1 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.
<< Some clauses skipped >>
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 with power setting in accordance with Clause 5.1 of [6].
<< Some clauses skipped >>
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-20 dBm and the total power is limited by PUMAX as defined in subclause 6.2.5A. For the purpose of these requirements, the power in each component carrier is specified over only the transmitted resource blocks.

For intra-band contiguous carrier aggregation bandwidth classes B and C, the UE shall meet the following requirements for transmission on both assigned component carriers when the average transmit power per PRB is aligned across both assigned carriers in the reference sub-frame:
a)
for all possible combinations of PUSCH and PUCCH transitions per component carrier, the corresponding requirements given in Table 6.3.5.2.1-1;
b)
for SRS transitions on each component carrier, the requirements for combinations of PUSCH/PUCCH and SRS transitions given in Table 6.3.5.2.1-1 with simultaneous SRS of constant SRS bandwidth allocated in the target and reference subrames:
c)
for RACH on the primary component carrier, the requirements given in Table 6.3.5.2.1-1 for PRACH.

For a) and b) above, the power step P between the reference and target subframes shall be set by a TPC command and/or an uplink scheduling grant transmitted by means of an appropriate DCI Format.
For a), b) and c) above, two exceptions are allowed for each component carrier for a power per carrier ranging from -20 dBm to PUMAX,c as defined in subclause 6.2.5. For these exceptions the power tolerance limit is ±6.0 dB in Table 6.3.5.2.1-1.
Annex B: Starting alignment condition

Power control applies separately to each CC, and TS 36.101 [1] Table 6.3.5.2.1-1 Note 3 allows the UE a relative power tolerance of ±1.0 dB, even when the power control step is 0dB. To get starting alignment a test could separately control the power of PCC and SCC, with each CC having the same power target value.    
This scenario is shown below, with the smallest step size of 1dB as in TS 36.213 [5] Table 5.1.1.1-2 and applying TS 36.101 Table 6.3.5.2.1-1 Note 3. The actual step size could be in the range 0dB to 2dB, as shown by the green and blue arrows.
For Uplink power measurements, the uncertainty is specified in TS 36.521-1 [4] Table F.1.2-1:

F.1.2
Measurement of transmitter

Table F.1.2-1: Maximum Test System Uncertainty for transmitter tests

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2.2 UE Maximum Output Power
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	

	6.2.2_1 Maximum Output Power for HPUE
	±0.7 dB, f ≤ 3.0GHz
	

	6.2.2A.1 UE Maximum Output Power for CA (intra-band contiguous DL CA and UL CA)
	Same as 6.2.2 for each CC
	


Here we take the figure of ±1.0 dB for 3.0GHz < f ≤ 4.2GHz, to cover all bands.
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Ignoring test system measurement uncertainties, each CC can be aligned to within 1dB of the target value, and the orange arrow shows that the theoretical difference between them can be up to 2dB.
Measurement uncertainties widen this in a practical test implementation, and each CC could be aligned to within 2dB of the target value. The red arrow shows that the difference between them can be up to 4dB.
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