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1 Introduction
In this contribution we revisit the current requirement relative power control accuracy of E-UTRA for non-CA operation spurred by discussions on the corresponding test for CA in [1] and [2]. It is a follow-up to an earlier contribution [3] in which the system impacts of inaccurate power control were demonstrated. The current requirements for power tolerance actually allow a UE to decrease its output power after a sequence of UP commands and still be compliant as identified in [4]. 

In the specification of the relative requirements for Rel-8, account of duplexer and filter ripple for frequency hopping PUSCH and changing allocations in the reference and target subframes resulted in large tolerances and lax requirements in hindsight. For small power steps in the TPC commands or small changes in the allocation (ΔP < 4 dB), these requirements imply that the output power is allowed to decrease/increase after an UP/DOWN command if the allocation is fixed across the power transition. For SRS transitions, this can happen for even larger power steps.
Revising the existing Rel-8 requirements for relative power control with a view to make these tighter would be a challenging task. Instead, an additional aggregate power control test with a sequence of steps could be introduced in the Rel-11 specifications for verifying that a UE actually increases/decreases its output power for a sequence of UP/DOWN commands with a fixed allocation (a similar aggregate power control test is specified for UTRA). This additional test could be specified such that the actual relative power accuracy is improved. 
We begin by reiterating the system level results presented in [3] that show that e.g. the average user throughput can be reduced by 50% at high cell load assuming a UE power control accuracy that is marginally better than the minimum requirements.
2 The current relative requirement
The relative power control commands are shown in Table 1 below. The tolerances for PUSCH and PUCCH are wide to account for filter ripple and that the PRB allocations can change in frequency and size during transitions.
Table 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.

For PUSCH and PUCCH transitions, the relative requirements would be met by keeping the output power constant during a sequence of up commands generating steps ΔP < 4 dB. The main aspect studied during Rel-8 was the accuracy PUSCH to PUCCH transitions, which is particularly important for the capacity of the CDM-multiplexed PUCCH. But it turns out that inaccuracies in the power control for PUSCH will also have significant impact on the capacity.
3 Impact on system and user performance
To assess the system impact we first assume a power-control algorithm giving with behaviour according to the minimum requirement on relative accuracy, but with improved performance near maximum power. If Pcalculated is the power obtained from the PUSCH or PUCCH power control equations for the current (target) subframe and Pcalculated_previous the calculated power of the previous (reference) subframe, then

(3.1)
Ptransmit = Pcalculated + N 
if Pcalculated > Pmax – 0.5 dB and |Pcalculated - Pcalculated_previous| < 4 dB or the time between the current and the previous transmission is larger than 20 subframes. Otherwise
(3.2)
Ptransmit = Pprevious + (Pcalculated - Pcalculated_previous) + N
where Pprevious is the transmitted power of the previous transmission. N is Gaussian variable with standard deviation equal to maximum allowed error divided by 3, the error thus depending on the power step. If there is no change in any of the power control parameters for non-contiguous transmission within a 21 ms interval, Pprevious is the transmit power of the first transmissions within that interval. This model is referred to as Error Model 1 (EM 1).
For reference, we also include results from a power-control algorithm that mimics a UE complying with the UTRA power-step requirements (EM 2).
The deployment assumed is a macro cell scenario with 500 m inter-site distance and the traffic is file upload over TCP of 200 kByte files, detailed simulation assumptions are shown in Annex A. The radio network has Rel-8 functionality.  
The packet bit rate as a function of the average cell throughput is shown in Figure 1 for ideal power control and according to the error model (3.1) and (3.2). SRS is not used. We observe that the impact of power-control errors is significant for EM 1, both on user performance and the cell throughput attainable. The results using EM 2 are close to the ideal.
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Figure 1: user performance and cell capacity with and without power-control errors.

Comparing the results for EM 1 and EM 2, we observe that 
1. the average user throughput is reduced by 50% at high uplink load (e.g. 5.5 Mbps average cell throughput);
2. the relative loss of user throughput is reduced even larger at the 5% percentile (dotted curves) that corresponds to the cell edge;  

3. the average cell throughput can be reduced by up to 50% at a fixed user throughput.
The advanced algorithm EM 2 is chosen to show that performance close to the error-free results can be obtained by a power-control accuracy compliant with the UTRA requirements, whereas the power control algorithm EM 1 is devised to mimic a behaviour closer to the E-UTRA minimum requirements. Nonetheless, the power accuracy exhibited by a typical UE with the latter model is still better than the E-UTRA minimum requirements since the standard deviation of the Gaussian N in (3.1) and (3.2) is chosen such that the power tolerance according to Table 1 above represents 3.
Using SRS the user performance and cell capacity can be improved, but there is significant degradation if a power tolerance of the PUSCH, PUCCH and SRS transmissions is accounted for as can be seen in Figure 2. The relative throughput loss is even larger in this case; the SRS requirements in Table 1 are lax.
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Figure 2: user performance and cell capacity with and without power-control errors and using SRS.

The specification should guarantee basic system performance: besides tighter power tolerances in Table 1, one improvement is to make sure that a sequence of UP commands actually results in an increase of the output power. This means that for a sequence of smaller power steps > 0 dB, there is a larger probability of a power increase for allocations with small variability in size and fixed allocation in frequency than that given by the current specifications.
4 Introducing an additional aggregate requirement
The transmitter aggregate power control requirements for UTRA are shown in Table 2 for reference. 

Table 2: Transmitter aggregate power control range

	TPC_ cmd group
	Transmitter power control range after 10 equal TPC_ cmd groups
	Transmitter power control range after 7 equal TPC_ cmd groups

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+1
	+8 dB
	+12 dB
	+16 dB
	+24 dB
	+16 dB
	+26 dB

	0
	-1 dB
	+1 dB
	-1 dB
	+1 dB
	-1 dB
	+1 dB

	-1
	-8 dB
	-12 dB
	-16 dB
	-24 dB
	-16 dB
	-26 dB

	0,0,0,0,+1
	+6 dB
	+14 dB
	N/A
	N/A
	N/A
	N/A

	0,0,0,0,-1
	-6 dB
	-14 dB
	N/A
	N/A
	N/A
	N/A


For E-UTRA the allocation may also change in frequency, which necessitates larger tolerances for the relative requirement between the reference and target subframes. However, to verifying that the actual output power increases during a sequence of UP commands, the allocation should be fixed in frequency. This allows specification of tighter tolerances for the aggregate error since the impact of ripple in the transmitter frequency response is minimised. 
We propose the following test configuration:
1. keep the PRB allocation fixed in frequency for PUSCH 
2. configure a sequence of UP or DOWN with a given power step 
[image: image3.wmf]PUSCH

d

or
[image: image4.wmf]PUCCH

d

and no transmission gaps other than for downlink subframes (TDD)
The accumulated result of the sequence of up or down commands should be either greater or less than 0 dB including tolerance, respectively. The specification could look like in Table 3 where the lower and upper specify the allowed range for the accumulated power change.
Table 3: Transmitter aggregate power control range for contiguous steps
	Value in TPC Command Field
[dB]
	Sequence of power steps
	PUSCH to PUSCH transitions

 or PUCCH to PUCCH transitions 
[dB]

	
	
	Lower
	Upper

	-1 
	TBD
	TBD
	TBD

	1 
	TBD
	TBD
	TBD

	3 
	TBD
	TBD
	TBD

	Note 1:
The requirements apply for fixed PRB allocations and with no transmission gaps other than those generated by downlink subframes,



For SRS the transitions between PUSCH and SRS are important and a step-test less obvious, and for a SRS periodicity > 20 ms, the absolute requirements apply.
The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.2 and 6.2.5. To account for RF Power amplifier mode changes, exceptions are allowed for each of two test patterns. For these exceptions the power tolerance limit is a maximum of TBD dB
The test would look as follows in 36.101:
6.3.5.3
Aggregate power control tolerance

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

6.3.5.3.1
Minimum requirement

The UE shall meet the requirements specified in Table 6.3.5.3.1-1 foraggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power as defined in subclause 6.2.2. 
Table 6.3.5.3.1-1: Aggregate Power Control Tolerance

	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	±2.5 dB

	0 dB
	PUSCH
	±3.5 dB

	Note: 

1. The UE transmission gap is 4 ms. TPC command is transmitted via PDCCH 4 subframes preceding each PUCCH/PUSCH transmission.


6.3.5.4
Additional requirement on aggregate power control tolerance
The purpose of the test is to verify the ability of the UE transmitter to adjust its output power in accordance with one or more power control commands received in the downlink.
6.3.5.4.1
Minimum requirements
The requirements specified in Table 6.3.5.4.1-1 apply within the power range bounded by the minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5. This power shall be within the power limits specified in subclause 6.2.5. 
The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.2 and 6.2.5. To account for RF Power amplifier mode changes, two exceptions are allowed for each of two test patterns. For these exceptions the power tolerance limit is a maximum of TBD dB in Table 6.3.5.4-1
Table 6.3.5.4.1-1: Transmitter aggregate power control range for contiguous steps
	Value in TPC Command Field

[dB]
	Sequence of power steps
	PUSCH to PUSCH transitions

 or PUCCH to PUCCH transitions 
[dB]

	
	
	Lower
	Upper

	-1 
	TBD
	TBD
	TBD

	1 
	TBD
	TBD
	TBD

	3 
	TBD
	TBD
	TBD

	Note 1:
The requirements apply for fixed PRB allocations and with no transmission gaps other than those generated by downlink subframes,




5 Proposal
It is proposed to consider an additional requirement on aggregate power control performance to ensure that the output power actually increase/decrease for a sequence of UP/DOWN commands.
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Annex A: Simulation assumptions

The simulation assumptions are listed in Tables A.1-A.3.

Table A.1: deployment
	Macro scenarios

	Bandwidth
	10 MHz

	Cell layout
	7 x 3 sector-sites

	Intersite distance 
	500 meters

	Carrier Frequency
	2 GHz

	Channel type
	Typical urban

	Antenna model
	2D

	Antenna configuration

	BS antenna
	2 RX antennas

	UE antenna type
	1 TX antenna

	Receiver
	MRC


Table A.2: traffic model
	Traffic and user distribution

	Traffic model
	File upload over TCP of 200 kByte files

	Number of users per cell
	5, 10, 20 and 30


Table A.3: link parameters and scheduling
	Link adaptation, power control and scheduling

	Available modulations
	QPSK, 16QAM and 64 QAM

	Power control on PUSCH
	P0 = -82 dBm, alfa = 0.8, closed loop power control with accumulation enabled

	Power control on PUCCH
	P0 = -117 dBm

	Power control for SRS
	SRS offset of – 9 dB

	Scheduling algorithm
	Resource fair

	SR, CQI and SRS periodicity

	SR periodicity
	10 ms

	CQI periodicity
	40 ms

	SRS periodicity
	0 and 20 ms
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