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1 Introduction

LTE UL power step size tolerances has been discussed in the latest RAN4 meetings [1,2]. Compared to UTRA UL power control, the LTE UE transmit power is a function of several parameters, such as path loss (PL), the number of RB (M), the modulation and coding scheme (MCS) and the TPC_cmd. This power control algorithm can give rise to very large UE Tx power changes over time. 
In this paper, we analyze the relative power control tolerances proposed in [1], especially for small step sizes by simulations of PUCCH. It is found that these tolerances lead to a significant capacity loss represented by the number of supported UE per subframe with required ACK/NACK error rate (10-4 or 10-3 at the 95th percentile).  Note that in the simulation,   only ACK to NACK and NACK to ACK errors are considered. 
A similar relative power tolerance with different step ranges and different tolerances is proposed in this paper. Its performance is evaluated using the same simulation assumptions. Marginal capacity loss is observed comparing to ideal power control. 
2 Proposal on relative power control tolerance 
LTE UL close loop power control can be performed both on PUSCH and PUCCH. Different power control algorithms are specified in [3]. Simplified versions of these algorithms are given as follows:
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where M is the number of RBs, P0_PUSCH is a cell specific nominal component, PL is the path loss and ( is a fractional compensation factor in the range [0, 1], f(i) is a function representing either accumulation or absolute settings of TPC_commands received on PDCCH, and (TF_PUCCH(TF) is a modulation and coding related factor. Note that in the above equations, the PMAX will be replaced by PMAX-MPR if MPR is required.
In [1], the relative power tolerance (close loop power control accuracy) was proposed at three different levels as in Table 2.1, which can be interpreted as small, medium and large power step sizes. 

Table 2.1 Relative Power Tolerance (from R4-080711 Table 5.1)

	Power step size (Up or down) P [dB]
	Transmitter power step tolerance [dB]

	0   to  1
	± 2.01

	1> to 5
	± 3.01

	>5
	± 5.0

	Note

1 Number of exceptions where the limit is +/-5.0dB is FFS




On the UL, since the PUCCH has fixed bandwidth (fixed M), its time-varying power is mainly due to the TPC_cmd and time varying path loss (PL). In general, the power change (with Rx diversity) of PUCCH Tx is small in contrast to the power changes on the PUSCH, where the change due to bandwidth variation can be up to 17 dB in 10 MHz bandwidth. In other words, the small power change steps could be associated to PUCCH and PUSCH, but the medium and large steps are associated to PUSCH only. 

Due to the significant system impact of the ACK/NACK error rate on PUCCH, a stringent power control tolerance is required for the small steps according to the previous discussion. While the system impact is less sensitive to BLER on PUSCH, the power change tolerance for medium and large steps can be relaxed in order to reduce the cost. This motivates us to propose UTRA-like power control tolerances. 
Different from [1], we propose the small step as 
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dB, which is motivated by the maximum power steps of TPC_cmd of EUTRA. It is further divided into two ranges of 
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dB. The tolerance is set to be 
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respectively, which is more stringent than [1], and is inline with WCDMA (Table 6.4 in TS 25.101). The medium step size is 
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dB, and is motivated by the aggregate power control range in WCDMA, where the upper limit of 20 dB is from 10 equal TPC_cmd groups with step size of 2dB as in Table 6.5 TS 25.101. The tolerances for medium steps are 
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as well, which is slightly relaxed from the counterpart in WCDMA. The large step size is
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,  about 7 equal TPC_cmd groups with step size of 3dB (Table 6.5 TS 25.101). For these large steps, we propose the tolerance to be open-loop-like power control tolerance, which is 
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dB. Note that the power steps are not limited to integer dB steps in reality, but all the power control steps are assumed to be integers (in dB) in this paper to simplify test case design.
Table 2.2 Relative Power Tolerances Proposal
	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	[+/- 0.5]

	[2  |ΔP|(4]
	[+/- |ΔP|(/2](

	ΔP|(20]
	[+/- |ΔP|(/2](

	[21  |ΔP|](
	[+/- 11]


3 Simulation assumptions
A preliminary simulation assumption was presented and discussed in [5]. It was represented as in Table 3.1. In this simulation set-up, we would like to check the system impact of different proposals on relative power tolerance, especially for small step sizes, which is supposed to be more stringent and sensitive. It was also suggested (in the informal ad-hoc meeting during the Kansas meeting on this topic) that the TPC_cmd delay need to be considered and the performance measurement should reflect the channel capacity or system throughput. To do so, a 5 ms TPC delay is introduced, and the system capacity is reflected by the supported number of UEs per scheduling block. A scheduling block is defined as the minimum time-frequency resource used for the PUCCH, accounting for the frequency hop. (In a radio network using the two resource blocks on the bandwidth edges for the PUCCH, the capacity per SB corresponds to half the capacity in a cell.) These capacity values are then compared to the design target on ACK/NACK error rate of 
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at 95th percentile.
Table 3.1 Simulation assumptions of LTE UL PC
	Channel to study
	PUCCH 

	Type of simulations
	Dynamic

	Simulation environment
	LTE 'Case1' (ISD 500 m, penetration loss 20 dB, bandwidth 10 MHz, 3 km/h), hexagonal grid, 7 3-sector sites, wrap-around, 21 cells

	Channel model
	SCM suburban macro

	Channel estimation
	Ideal

	Antenna setup
	1 Tx, 2 Rx 

	Power control
	Closed loop with TPC delay of 5 ms

	Orthogonality 
	0.2 

	Scheduling method
	Full buffer, constant number of transmitters per cell and subframe

	Metric to measure
	ACK/NACK error rate at 95th percentile


Note that in these simulations, we would not be able to investigate the system impact of the power tolerance associated to medium and large steps, although they are less important than the smaller steps. Examples of the statistics of the power changes from simulations are given in Figure 3.1. It can be seen that most power steps of the ideal power control is less than or equal to 1 dB as in (a). The power change steps are much larger with the tolerance proposed in Table 2.1 as in (b). Most of the power change steps with tolerance proposed in Table 2.2 is less than +/-2dB.  
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(c)

Figure 3.1 Histograms of the power changes with ideal power change (a), tolerances from Table 2.1  (b), and tolerances from Table 2.2 (c)
4 Simulation results

In Figure 4.1 CDF’s of user ACK/NACK error rates for different power tolerances and number of UEs supported per scheduling block (SB) are given. It can be seen that with the tolerances in Table 2.1, the system performance in terms of ACK/NACK error rate degrades significantly from that of the ideal power control scheme, while with the tolerances proposed in Table 2.2, the performance degradation is very limited.  
[image: image16.png]CD.F. [k]

100

95

90

80

70

60

BER of PUCCH ACK/NACK for differentrelative tx pwrtolerances

Ideal, 6.0 users/SB
Ideal, 8.0 users/SB
Ideal, 4.0 users/SB
Ericsson (Table22), 60 users/SB
Ericsson (Table22), 80 users/SB
Ericsson (Table22), 4.0 users/SB
Motorola (Table2.1), 6.0 users/SB
Motorola (Table2.1), 8.0 users/SB
Motorola (Table2.1), 40 users/SB

50

n 2 4

10° 10 10
ACKINACK error probability

10





Figure 4.1 CDF of ACK/NACK of PUCCH for different power step size tolerances and loads, expressed as users per scheduling block (SB). A scheduling block is here taken to be the basic frequency-time resource used by PUCCH during one subframe, meaning seven consecutive symbols in the first frequency band, then seven consecutive symbols in the second frequency band.
Numerical results at 95% are summarized in Table 4.1. It can be seen that to meet the target ACK/NACK error rate of 
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, four UEs per scheduling block can be supported by the power tolerances in Table 2.2. When using the power tolerances in Table 2.1, the target cannot be met with four UEs per SB.
Table 4.1 Resulting 95% BER of PUCCH ACK/NACK

	Load (User per scheduling block)
	Ideal
	Tolerance in Table 2.2
	Tolerance in Table 2.1

	4
	5.0e-4
	5.3e-4
	1.2e-3

	6
	2.1e-3
	2.2e-3
	4.1e-3

	8
	2.3e-3
	2.4e-3
	4.6e-3


5 Summary 
The power tolerance proposed in [1] is investigated by simulations on PUCCH. A new relative power control tolerance is proposed in this paper, where the power change steps are classified as small, medium and large step size. A WCDMA-like stringent tolerance is required for small steps (
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dB). While slightly relaxed requirement are proposed for medium and large steps, which are motivated by the aggregate power control tolerance in WCDMA. The performance of the new relative tolerance evaluated using the same simulations.  
It is observed that the new tolerance proposal can support up to four UEs per scheduling block at the target ACK/NACK error rate of 10-3, while the number of UEs supported by the tolerance from [1] is less than four. 
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