Page 1



3GPP TSG-RAN4 Meeting #68bis
Tdoc (
 R4-134783
Riga, Latvia, 7-11 October, 2013
Title:





Relative power difference between Uplink CCs   
Source:


Anritsu

Agenda Item:


5.2.1
Document for:


Discussion
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.

So far, RAN4 has not been able to agree removal of the [ ] from this figure, nor to agree any other figure. In addition, offline discussion shows that different companies have a different understanding of the requirement. This Tdoc examines the consequence of different interpretations, and explains Anritsu’s view that the requirement as currently stated is not testable. It also suggests some principles for a revised requirement. 
2.
Interpreting the requirement
For CA, the Relative power tolerance requirement per component carrier refers back to the single carrier case. The ±[2] dB alignment is stated as part of the Relative power tolerance requirement in intra-band contiguous CA. It could be interpreted either as a side condition (outside the side condition, the Relative power tolerance is unspecified) or as an additional requirement for the two CCs to remain aligned when changing power.

To understand the requirement, consider a scenario with 2 CCs, and what happens when the same power change is sent to both CCs. This is the type of scenario that would be used to test the ±[2] dB requirement:
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In the scenario shown, the SCC is 2dB lower than the PCC before the change, as allowed by the TS 36.101 [1] wording “aligned to within ±[2] dB in the reference sub-frame”. Each CC is given a power step of +3dB.

The nominal power step of +3dB is allowed ±3.5 dB, as specified in TS 36.101 [1] Table 6.3.5.2.1-1. The “min” and ”max” cases are shown for each CC. It can be seen that if the ±3.5 dB is allowed for each CC, without any other constraints, it can result in quite a large power difference between PCC and SCC.
Consider two possible interpretations of the requirement:

Interpretation A:

The ±[2] dB is a side condition (outside the side condition, the Relative power tolerance is unspecified)

· Before the power step, the two CCs meet the side condition

· After the power step, the two CCs may not meet the side condition, so the Relative power tolerance may not apply. The Test verdict would be “inconclusive”.
· The consequence is that the power control step cannot be meaningfully tested in CA

Interpretation B:

The ±[2] dB is an additional requirement for the two CCs to align when changing power
· Before the power step, the two CCs are aligned to (just) within the 2 dB condition

· After the power step, the two CCs must be aligned to within the 2 dB condition
· For the scenario shown in the diagram, SCC 2dB lower than PCC, the SCC step must not be < the PCC step, or else the UE will fail the 2 dB alignment condition

· For a scenario where the starting condition has SCC 2dB higher than PCC (opposite to the diagram), the SCC step must not be > the PCC step, or else the UE will fail the 2 dB alignment condition
· Since the starting alignment condition can legally be anywhere within ±2dB, the requirement effectively mandates that PCC and SCC power steps are perfectly equal. A UE with anything other than “perfectly equal” can fail the test.

· The consequence is that the power control step cannot be meaningfully tested in CA
Either Interpretation A or Interpretation B leads to an untestable requirement.
Annex B of this Tdoc gives the reasoning why a conformant UE may have a starting alignment condition anywhere within a range of ±2dB. This reasoning, we guess, is also the basis for choosing ±[2] dB.     

3.
Intention of requirement
In Anritsu’s understanding, power control applies separately to each CC. Therefore, if no other constraints were applied in 36.101, the Relative Power tolerance would be tested separately for each CC, using exactly the same test requirements as for Rel-8 single CC.
We have two requests to RAN4:

Request 1: Agree whether intra-band contiguous CA has any alignment requirement for Relative Power tolerance, additional to that provided by independent Rel-8 power control of each CC.

Request 2: If there is an additional alignment requirement between CCs for Relative Power tolerance, specify it as a clear requirement that when each CC is given the same power step, that the resulting change shall be the same on each CC to within ±xdB. Avoid specifying it as a side condition, because this leads to scenarios where the requirement is effectively unspecified.    
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Annex A: Extract from TS 36.101 v11.5.0
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.
Annex B: Starting alignment condition

The previous analysis in R4-131270 [2] 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 starting alignment would be to 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 [3] 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.
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