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1.
Introduction

In the current version of TS 36.101 [1] Uplink Power control for CA is specified when the average transmit power per PRB for the transmission on the assigned carriers is aligned to within ±[2] dB.

This requirement is carried through to the RAN5 test cases in TS 36.521-1 [2]. However, when realistic test system uncertainties are taken into account, including bands above 3GHz, Anritsu’s view is that RAN5 could not guarantee that the CCs would be within this window.
Offline discussion in RAN4 indicates that RAN4 could consider specifying a slightly bigger window, if RAN5 can provide a justified uncertainty requirement. This Tdoc gives Anritsu’s reasoning and proposes values.
2.
Current status of RAN5 Test specification TS 36.521-1
The core requirements in TS 36.101 [1] clause 6.3.5A put a CC power alignment side condition on the CA Relative power tolerance. The behaviour of power steps in CA is only defined within the side condition.
When testing the CA Relative power tolerance, RAN5 therefore has to ensure that the side condition is met. Otherwise, the UE could be tested outside the core requirements and the test verdict would be invalid. An extract from the Test procedure in TS 36.521-1 [2] is given below:

6.3.5A.2.1.4.2
Test procedure

<< some test steps skipped >>

5.
Sub test: ramping up pattern

5.1.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0 for C_RNTI to schedule the UL RMC according to Table 6.3.5A.1.1.4.1-1 on both PCC and SCC. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Send the appropriate TPC commands for PUSCH on each component carrier to the UE to ensure that the UE transmits PUSCH at -36.8dBm +/- 3.2 dB for carrier frequency f  ≤ 3.0GHz or at -36.5dBm +/- 3.5 dB for carrier frequency 3.0GHz < f ≤ 4.2GHz. In addition, considering that PCC and SCC uplink RB allocations are both active, the average transmit power per PRB for the transmission on the assigned carriers shall aligned within ±[2] dB in the reference sub-frame and the target subframe after the transition. In case they are not aligned, SS shall send appropriate TPC commands for PUSCH on the relevant component in order to be aligned before continuing the test.
Consider a practical implementation, and to keep the numbers simple, take a case where each CC is fully allocated with 100RBs (average transmit power per PRB) and the target power is 0dBm/9MHz per CC. Assume further a method where the PCC is set to the target value, and the SCC power is adjusted via TPC to be the same value.
The smallest UE step size is nominally 1dB, with ±1dB tolerance as per the TS 36.101 extract shown in Annex A of this Tdoc). From this UE requirement, the smallest window size that can be guaranteed is 2dB, as shown in the diagram below. Using suitable criteria for sending TPC, the SCC power could theoretically be controlled to remain inside this window, and hence to be within ±1dB of the PCC power. The blue arrows show an example, where up/down TPC is sent when the SCC power begins to go outside the window.
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When implemented in a practical test, the Test System must measure the power of each CC. Each CC is on a different frequency, and in RAN5 these are therefore handled as separate uncertainties. For frequencies up to 3GHz, the absolute uncertainty figure used is ±0.7dB, and for frequencies up to 4.2GHz the absolute uncertainty figure used is ±1dB. This uncertainty applies to both PCC power and SCC power, some further background being given in Annex B of this Tdoc.
We have to consider the case where for example the test system might measure PCC higher than its actual value, and measure SCC lower than its actual value. This means that the actual SCC to PCC power difference can be wider than the window for power alignment.
When calculating the uncertainty for a power difference between two different frequencies, RAN5 normally combines uncorrelated uncertainties root-sum-square:

· Uncertainty in power difference = SQRT((0.7dB)2 + (0.7dB)2) = 0.99dB for f ≤ 3GHz  

· Uncertainty in power difference = SQRT((1.0dB)2 + (1.0dB)2) = 1.41dB for f ≤ 4.2GHz
This is a similar approach to the inter-frequency relative RSRP RRM test case. Anritsu’s view is therefore that the correct relative uncertainty value to specify would round up to ±1.0dB valid to 3GHz and ±1.5dB valid to 4.2GHz.
To calculate the window within which the PCC and SCC can be aligned, from the diagram we can see that the UE power control allows the algorithm to align the powers to within a theoretical +/-1dB (grey window). But the actual power difference might be greater by the relative power difference uncertainty of ±1.0dB for f ≤ 3GHz, or ±1.5dB for f ≤ 4.2GHz.

Following normal RAN5 procedures for uncertainty, we combine the test equipment uncertainties RSS, then add arithmetically to the UE core requirement:

The tightest RAN4 side condition would be:

Alignment = ±1.0dB ±SQRT(0.7dB^2 + 0.7dB^2) = ±1.99dB, round up to ±2.0dB for f ≤ 3GHz.

Alignment = ±1.0dB ±SQRT(1.0dB^2 + 1.0dB^2) = ±2.41dB, round up to ±2.5dB for f ≤ 4.2GHz.

This is quite hard to show in the diagram, but one way to visualise the effect of relative uncertainty is to assign no uncertainty to the PCC (reference) and assign all the relative uncertainty to the SCC. The method of deriving the equations above should then be clear. This method is consistently used in RAN5 when we have some UE contributions and some Test equipment contributions (if we were to combine them all RSS, there is a significant risk that the test could fail a good UE).
3. Summary and recommendations

It is recommended that RAN5 endorses the proposed relative uncertainty values for power difference between PCC and SCC, and communicates it to RAN4. An accompanying draft LS to RAN4 is provided.
· RAN5 endorses the relative uncertainty value for power difference between PCC and SCC of ±1.0dB valid to 3GHz and ±1.5dB valid to 4.2GHz.
· RAN5 sends an LS to inform RAN4 of the uncertainty values, and their relationship to the RAN4 side condition 
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Annex A: UE Uplink power control in TS 36.101

For Relative power tolerance in intra-band contiguous CA, TS 36.101 [1] clause 6.3.5A basically refers back to the non-CA requirements for a single CC in clause 6.3.5. Relevant extracts from [1] are shown below: 

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.
<< Some clauses skipped >>
6.3.5A.2
Relative power tolerance

6.3.5A.2.1
Minimum requirements 

<< Some text skipped >>
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 carrier in the uplink with a step sizes of P between subframes on the two respective 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 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.

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 subrames are configured for either simultaneous SRS or simultaneous PUSCH and with the average transmit power per PRB for the transmissions on the assigned carrier aligned to within ±[2] dB in the reference sub-frame and the target subframe after the transition.

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
The green highlight and turquoise text shows the relevant requirements that apply when setting the two Component carrier powers to within 2dB of each other, and then controlling the power steps of both CCs. From this we note the following key points: 
· The currently agreed requirements cover intra-band contiguous carrier aggregation only
· Numerically, the CA Relative power tolerance requirements are identical to non-CA, single CC
· The CA Relative power tolerance requirements only apply when the when the average transmit power per PRB on each carrier is aligned to within ±[2] dB
· For small step sizes (power step ΔP ≤ 1 dB), both CA and non-CA, a special case is defined where the relative power tolerance is ±1.0 dB.
Annex B: Correlation and PCC to SCC frequency separation
The original RAN4 discussion document in [3] proposed that the uncertainties for PCC and SCC should be combined worst-case. However, there is no reason to believe that the PCC and SCC measurement errors would be opposite in sign, so the normal RAN5 procedure to combine uncorrelated uncertainties root-sum-square should be followed.

It has been suggested that because the PCC and SCC frequencies are “close” for intra-band non-contiguous CA, the errors for PCC and SCC would largely cancel resulting in a smaller uncertainty value. However, the uncertainty values are often dominated by mismatch errors, which depend on the phase of reflected signals. Calculations using realistic cable lengths and frequencies show that for a frequency difference of 20MHz between CCs, the phases of PCC and SCC could differ by 180°, so we believe it is unsafe to assume that errors for PCC and SCC would cancel.
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