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1. Introduction

Recently, the topic of relative power tolerance for 2UL intra-band CA was revisited due to concerns related to testability [1], [2].  In this contribution, we provide additional thoughts on how the issue can be resolved.  We recommend that the tolerances for alignment of component carriers be removed for the core specification and addressed in the test specification since they relate to test system uncertainty and testability.

2. Discussion

The relative power tolerance test is intended to verify that when commanded by the eNB to adjust its output power by a given step size, the UE does make the requested adjustment within an allowed tolerance.  The requirement on the UE is captured in Table 6.3.5.2.1-1 of TS 36.101 and copied below for convenience.
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.


For example, it can be seen that for a PUSCH/PUCCH transition, if the requested power step is P=3dB, the allowed tolerance is ±3.5 dB so that the actual power step taken by the UE must be in the range of -0.5 dB to +6.5 dB.  

This approach was generalized to intra-band contiguous CA class C.  For the CA requirement, the specification stipulates a side condition that the power density of both component carriers must be aligned to within ±[2] dB in the reference subframe before the power step is applied, as well as in the target subframe after the power step has been applied.  This side condition must hold true before the requirement can be applied.  The same power step command is applied to both component carriers, and each component carrier is required to adjust its power accordingly within the same tolerance as allowed in Table 6.3.5.2.1-1.  The motivation for defining the requirement in such a manner is that the two component carriers should be aligned in PSD in the reference subframe, the same power step is applied to each component carrier, and the two component carriers should remain aligned in PSD in the target subframe since both component carriers should adjust output power by the same amount.  
Observations

Equal PSD side condition:  The side condition of equal PSD is motivated by both the basestation receiver in order to achieve best performance when the two component carriers are received with constant SNR per tone, and by the UE to minimize large mismatches in power density, large dynamic range, and PAPR into the PA which may degrade performance.

Tolerance of side condition:  It has been propposed that the requirement to meet the side condition of ±2 dB in a practical test configuration may be challenging [1], [2] due to tolerances and uncertainties.  However, in our view, test system uncertainty should not be compensated for in core requirements but should be addressed by allowed tolerances in the test specifications to be defined in RAN5.  
Final condition:  The specification currently mandates that the PSD’s of the two component carriers are aligned to within ±[2] dB in the target subframe after the power step has been applied.  However, given that the two component carriers are independently controlled, as reflected by the fact that the requirement is imposed on each component carrier separately, it may be possible that the final condition is not met rendering the requirement untestable.  For example, assume that each of the two component carriers is commanded to increase its power by 3 dB.  The tolerance allowed for a 3 dB step is ±3.5 dB so that the actual power step taken by the UE in each component carrier must be in the range of -0.5 dB to +6.5 dB.  Therefore, it is within specification that the UE inadvertently due to power control and ouptut power tolerances decreases power on one carrier by 0.5 dB and increases power the other carrier by 6.5 dB, resulting in a mismatch of 7 dB in target subframe even if the two component carriers were perfectly aligned in the reference subframe.  We don’t see this as a likely outcome in practice, but the specifications do admit this possibility.
Options

Four options are presented.  The first is to recognize the challenge, but to leave the side conditions on both the reference subframe and the target subframe as they are today, but resolving the ±[2] dB value.  The second option is to convert the final condition into an explicit UE requirement.  The third option is to the remove the final condition altogether, but maintain the initial condition and resolve its ±[2] dB value.  The fourth option is to remove the ±[2] dB tolerance value on initial and final conditions.
Option 1 – Maintain status quo

In this option, the side conditions in both the reference and target subframes are maintained in order for the requirement to be applicable.  As illustrated above, this leaves open the possibility that the requirement is difficult to test in the case that the final condition is not met.  In practice, the power change in the two component carriers should not drift in opposite directions so the problem of failing to meet the final condition may not occur frequently, but this cannot be assured.  The challenge is to resolve the current ±[2] dB side condition on the reference and target subframes, as has been discusssed but not yet agreed in the last two meetings.
Option 2 – Mandate a requirement on the difference in PSD
The second option is to convert the final condition into an explicit requirement.  That is, a new requirement would be created that the UE must align the PSD’s of each component carrier in the target subframe to within ±[2] dB.  This, however, would create a dependency between component carriers.  We are opposed to this option because it would add a new requirement to the Rel-10 specifications, but more importantly, would restrict implementation flexibility in the UE since it would couple the two component carriers effectively forcing the UE to use a single RF chain for intra-band carrier aggregation.  This would also be incompatible with future intra-band contiguous CA classes of greater than 40 MHz aggregated bandwidth where it may not be desirable or even possible to support with a single RF chain.  Thus, we dismiss this option.
Option 3 – Remove the final condition
The third option is to remove the final condition on equal PSD in the target subframe.  With this option, the two component carriers would be aligned in the reference subframe, the same power step command would be applied to each component carrier, and each would be measured independently against the allowed tolerance.  The disadvantage of this approach is that there is no assurance that the PSD’s will be aligned in the target subframe (in fact, they may differ by as much as 20 dB in the worst case with 2 dB initial offset and ±18 dB tolerance on each component carrier for the largest power step between PUSCH/PUCCH and SRS) beyond what is allowed by the individual tolerances.  However, we do not see this as likely in any practical implementation.  The advantage of this option compared to Option 1 is that it is assured that all UE’s can be tested.  By inspection, the current test procedure in 36.521 seems to have adopted this approach since there does not appear to be a check for alignment in the target subframe.
Option 4 – Remove both the initial and the final condition tolerances
A fourth option proposed during RAN4 #67 in the discussion of [2] is to remove the ±[2] dB tolerance in the core specification.  Instead of specifying a tolerance, the specification would state that the PSD’s of the component carriers should be aligned in both the reference and the target subframes without specifying a tolerance.  The implication of this option is that RAN5 would then define the tolerances taking into account both UE uncertainty as well as tester uncertainty in defining the test specification.  
As an example, this is the approach that was taken in 25.101 for the UTRA specifications for DC-HSUPA.  In sub-clause 6.4.2.1.1A of TS 25.101, the requirement is that each of the DC-HSUPA carriers is aligned to the same power prior to the beginning of the test procedure.  No tolerance is specified in 25.101.  In the 34.121-1 test specification, a tolerance of ±1.7 dB is specified.  We note one difference, however.  In the DC-HSUPA specification, there is no requirement that each of the carriers remains aligned after the power step transition.  This is a requirement in the current E-UTRA specification, although we believe that it can also be removed.
	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.

	

	5.4.2A.4.2
Procedure
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Figure 5.4.2A.4 Inner Loop Power Control Test Steps

1)
Before proceeding with paragraph (2) (Step A) below, set the output power of the assigned carriers equal to each other within ± 1.7 dB and in the range -10 ± 9 dBm. This may be achieved by generating suitable downlink TPC commands from the SS.


Figure 1.  Excerpts from TS 25.101 and TS 34.121-1 related to DC-HUSPA power control tolerance.
Recommendation

Of the four options listed above, we prefer Option 4.  Given the prior discussion and disagreement on how to set the margins for the initial and final conditions as well as that the uncertainty is subject to question because of the tolerances in test equipment, it is within RAN5’s expertise to evaluate and make judgment on these aspects.  Furthermore, option 4 removes a potential final condition which may prevent some UE’s from being able to be tested against this requirement.  Again, this touches upon a testability aspect of the requirement which we feel is more appropriate to be addressed in RAN5.  Finally, Option 4 is fully consistent with the approach taken for UTRA in 25.101 and 34.121-1.
3. Conclusion
We have evaluated the requirement for relative power control tolerance for contiguous intra-band CA.  The intention of the requirement is that the component carriers are aligned in the reference and target subframes around the power step transition.  At issue is the allowed tolerance in alignment of the PSD’s which is a function of uncertainties and tolerances, and can affect testability.  We feel that these are all issues which our outside of the expertise of RAN4 and recommend removing the tolerance from the core specification so that they can be properly addressed in the test specification by RAN5, as well as removing the target subframe alignment condition.  We also note that these proposed changes are fully consistent with the approach that was taken for the similar DC-HSUPA requirement in the UTRA specifications.
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