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1.
Introduction

Anritsu presented a discussion document R5-133108r1 [3] at RAN5#60 in Porto, which considered how accurately a RAN5 test case could guarantee to align the two uplink CCs in a CA test case. It provoked useful discussion, a better understanding of power control in CA, but also raised more questions about how to understand the RAN4 Relative power tolerance core requirement in TS 36.101 [1].
This Tdoc revisits the CA uplink power setting discussed in R5-133108r1 [3], and also proposes that the CA Receiver test cases in TS 36.521-1 [2] should define uplink power setting for each CC.
2.
Revision of CA uplink power setting

The previous analysis in R5-133108r1 [3] had assumed that for test purposes the power of the PCC could be kept at a fixed value, while the SCC was adjusted to the give the closest possible alignment. However a better understanding of the power control shows that keeping the PCC at fixed value cannot be assumed. The reason is that TS 36.101 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.

A more realistic test method to get alignment would be to separately control the power of PCC and SCC, with each CC having the same power target value for the equal uplink RB allocation scenario.    

This scenario is shown below, with the smallest step size of 1dB as in TS 36.213 [4] 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.
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It can be seen that PCC and SCC can (ignoring test system measurement uncertainties) each be aligned to within 1dB of the target value. The orange arrow shows that the theoretical difference between them can be up to 2dB.

Test system measurement uncertainties will widen this further in a practical test implementation, as indicated by the red arrow. 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.
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 (red arrow instead of orange arrow).

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 +/-2dB (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 alignment that RAN5 could ensure would be:

Alignment = ±2.0dB ±SQRT(0.7dB^2 + 0.7dB^2) = ±2.99dB, round up to ±3.0dB for f ≤ 3GHz.

Alignment = ±2.0dB ±SQRT(1.0dB^2 + 1.0dB^2) = ±3.41dB, round up to ±3.5dB 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).
Note that these figures are wider than previously given in R5-133108r1 [3], because both the PCC and the SCC are in power control loops - we cannot assume that PCC is fixed power.
3.
CA Receiver test cases procedure in TS 36.521-1
A number of intra-band contiguous CA receiver test cases in TS 36.521-1 [2], contain a statement in the test procedure about the total uplink power (green highlight), and also a statement requiring the two uplink CCs to be aligned in power (turquoise highlight). An extract from the Test procedure in TS 36.521-1 [2] is given below:

7.5A.1.4.2
Test procedure
<< some test steps skipped >>

6.
Set the Downlink signal level for PCC and SCC to the value as defined in Table 7.5A.1.5-2 (Case 1). Send Uplink power control commands to the UE (less or equal to 1dB step size should be used), to ensure that the UE output power is within +0, - 3.4 dB of the target level in Table 7.5A.1.5-2 (Case 1) for carrier frequency f ≤ 3.0GHz or within +0, -4.0 dB of the target level for carrier frequency 3.0GHz < f ≤ 4.2GHz, for at least the duration of the Throughput measurement. Suitable uplink power control commands should be sent to ensure the total power in each of the assigned carriers to be equal to each other within +/-[2] dB.
However the corresponding core requirement in TS 36.101 [1] does not directly specify anything about alignment of the uplink carriers, it simply specifies that the transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA, which is a requirement on the total uplink power:
Table 7.5.1A-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	
	
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	
	Aggregated power + 22.5 dB
	
	
	

	BWInterferer 
	MHz
	
	5
	
	
	

	FInterferer (offset)
	MHz
	
	2.5 + Foffset
/

-2.5 - Foffset
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and shall be further adjusted to 
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The +/-[2] dB alignment requirement in TS 36.101 [1] only applies directly to the Relative power tolerance requirement (a transmitter requirement), and RAN4 has not mandated it for receiver test cases. Because the meaning of this is still being debated in RAN4, see for example R4-134783 [5], and because we also need to consider unequal uplink allocations, there are benefits for RAN5 to reconsider the Test Procedure.
The current test procedure effectively has a “sum” requirement and a “difference” requirement on the uplink power. This makes the implementation difficult, because in practice power control applies separately to each CC. A simpler way to achieve the desired effect is to specify a separate target power for each CC, scaled according to the number of allocated RB out of the total.

Table 7.5A.1.4.1-1: Test Configuration Table

	Initial Conditions

	Test Environment as specified in

TS 36.508[7] clause 4.1
	NC

	Test Frequencies as specified in

TS36.508 [7] clause 4.3.1 for different CA bandwidth classes.
	C: Mid range

	Test CC Combination setting (NRB_agg) as specified in clause 5.4.2A.1 for the CA Configuration across bandwidth combination sets supported by the UE.
	Lowest NRB_agg
Highest NRB_agg

	Test Parameters for CA Configurations

	CA Configuration / NRB_agg
	DL Allocation
	UL Allocation

	PCC
NRB
	SCC
NRB
	CC
MOD
	PCC & SCC RB allocation
	CC
MOD
	NRB_alloc
	PCC & SCC RB allocations
(LCRB @ RBstart)

	75
	75
	QPSK
	75+75
	QPSK
	75
	P_75@0
	S_0@0
	-
	-

	75
	75
	QPSK
	75+75
	QPSK
	130
	P_75@0
	S_55@0
	-
	-

	75
	75
	QPSK
	75+75
	QPSK
	150
	P_75@0
	S_75@0
	-
	-

	100
	50
	QPSK
	100+50
	QPSK
	150
	P_100@0
	S_50@0
	-
	-

	100
	100
	QPSK
	100+100
	QPSK
	75
	P_75@25
	S_0@0
	-
	-

	100
	100
	QPSK
	100+100
	QPSK
	130
	P_100@0
	S_30@0
	-
	-

	100
	100
	QPSK
	100+100
	QPSK
	200
	P_100@0
	S_100@0
	-
	-

	NOTE 1:
CA Configuration Test CC Combination settings are checked separately for each CA Configuration, which applicable aggregated channel bandwidths are specified in Table 5.4.2A.1-1 and Table 5.4.2A.1-2.

NOTE 2:
Depending on CA configurations, only the appropriate Uplink RB allocation value according to table 7.3.3-2 for UE supporting one uplink carrier and to table 7.3A.1.3-1 for UE supporting two uplink carriers are tested per Test CA configuration.


Taking Test case 7.5A.1 with 100RB+50RB uplink allocation (see turquoise highlight above) as an example, we would expect the PCC to be (100/150) of the total uplink power, and the SCC to be (50/150) of the total uplink power. Following this reasoning, the revised test procedure would be:  
6.
Set the Downlink signal level for PCC and SCC to the value as defined in Table 7.5A.1.5-2 (Case 1). Send Uplink power control commands to the UE (less or equal to 1dB step size should be used), to ensure that for at least the duration of the Throughput measurement:

The PCC output power is within (0 + 10log(P_LCRB/NRB_alloc)), (-3.4 dB + 10log(P_LCRB/NRB_alloc)) of the target level in Table 7.5A.1.5-2 (Case 1) for carrier frequency f ≤ 3.0GHz,

or within (0 + 10log(P_LCRB/NRB_alloc)), (-4 dB + 10log(P_LCRB/NRB_alloc)) of the target level for carrier frequency 3.0GHz < f ≤ 4.2GHz.

The SCC output power is within (0 + 10log(S_LCRB/NRB_alloc)), (-3.4 dB + 10log(S_LCRB/NRB_alloc)) of the target level in Table 7.5A.1.5-2 (Case 1) for carrier frequency f ≤ 3.0GHz,

or within (0 + 10log(S_LCRB/NRB_alloc)), (-4 dB + 10log(S_LCRB/NRB_alloc)) of the target level for carrier frequency 3.0GHz < f ≤ 4.2GHz.

As discussed in R5-131928 [6] endorsed at RAN5#59, the uncertainty for CA total power is the same value as the uncertainty for measuring each CC, and is independent of the power split between the CCs. The overall power window is therefore unchanged. The proposal gives constant spectral density, including for unequal uplink RB allocations, which Anritsu believe is the test case intention and aligns with the Relative power tolerance requirement being expressed as average transmit power per PRB.

The proposed changes have several advantages:
· An unnecessary dependence on 36.101 Tx requirements for CA is removed

· Unequal uplink RB allocations are covered
· The Rx Test cases for intra-band contiguous DL CA and UL CA can be completed  
4.
CA Receiver test case procedure anomalies
Two apparent anomalies have been found in the analysis of TS 36.521-1 [2] Test cases:
· Test case 7.4A.1, Maximum input level for CA (intra-band contiguous DL CA and UL CA) has PCC and SCC allocations on the uplink, but the Test Procedure does not make any mention of multiple UL CCs

· Test case 7.7A.3, Spurious response for CA (inter-band DL CA without UL CA) has PCC only on the uplink, but the Test Procedure refers to power alignment of multiple UL CCs

5. Summary and proposals

To allow completion of the Rx Test cases for intra-band contiguous DL CA and UL CA, we propose.
· RAN5 endorses the test procedure changes to set uplink power for Rx Test cases with intra-band contiguous DL CA and UL CA.
· RAN5 agrees the accompanying TS 36.521-1 CR in [7] which incorporates the test procedure changes and corrects the two anomalies identified
As RAN4 has not yet finalised the core requirement for Relative Power tolerance, we do not have any proposals for the RAN5 test case at this stage.
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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.
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