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1 Introduction 
In RAN4#49, good progress was made on the LTE relative power control tolerances [1]. Beside other agreements, the agreement on power tolerance relaxation due to frequency hopping and RB allocation changes is: 
· Under normal conditions, the power control relaxation due to frequency hopping and RB allocation changes is 2 dB comparing to those without frequency hopping and RB allocation changes;

· Under extreme conditions, the power control relaxation due to frequency hopping and RB allocation changes is 4 dB comparing to those without frequency hopping and RB allocation changes.
However, the concern on the significant impact of the absolute power tolerances, presented in [2], was not paid enough attention. In this paper, we provide further simulation results to show the necessity to tighten the absolute power tolerances. We also suggest the relaxation of the relative power tolerance due to frequency hopping and RB relocation under normal condition to be 1.5 dB based on the new results, which is also inline with an early agreement in RAN4 [3].  
2 Motivations and simulation setup

In early contributions on LTE power control tolerances, the absolute power tolerance and the relative power tolerance are studied separately. Most proposals are based on considerations of the length of transmission gap, filter variation and power step size. However, the joint impact on system performance of these power tolerances is neglected. In [2], such a problem was first investigated by system level simulations with a file upload traffic model. With these simulations, we are able to collect the statistics of different UE transmissions, in terms of initial transmission and contiguous transmission (with transmission gap less than and equal to 20 ms), in a “realistic” scenario. The joint impact of these tolerances on system capacity loss can then be investigated.  

In order to attract more attention on the significant impact of initial transmission and the relevant absolute power tolerance, new simulation results are generated in this study. The simulation setup is identical to [2], but the power tolerance settings are slightly different. For convenience, simulation setups are represented in Table 1. 

Table 1: Simulation setup
	Traffic Models

	User distribution
	Uniform

	Traffic load
	20 users per cell

	Data generation
	File upload traffic model  (each user requests and downloads files of size 100 kByte , the time between the reception of one file and the request of the next file is exponentially distributed with mean 3.0 s and a lower cut-off at 1.5 s and an upper at 5.0 s)

	PUSCH scheduler
	Proportional fair taking users power limitation in the UL into account, resulting in frequency multiplexing of users on PUSCH

	Radio Network Models (3GPP Case 1)

	Distance -dependent path loss
	L = 15.3+20+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	TU Typical Urban

	Cell layout
	Hexagonal grid, 3-sector sites, 21 sectors in total

	Inter-Site Distance (ISD)
	500m

	General System Models

	Spectrum allocation
	5 MHz

	Base station power
	20W

	Max antenna gain
	14dBi

	Reuse
	Uncoordinated reuse 1

	UE max output power
	23 dBm

	Orthogonality factor on PUCCH
	10 dB

	PUCCH power control
	SNRtarget = 20 dB
similar results for 0 and 10 dB


In the simulations, we paid particular interest to the control channel, i.e., PUCCH, due to its importance for the overall system performance.
With the given scenario, the statistics on PUCCH of initial transmission, contiguous transmission with transmission gap ≤ 20 ms, and > 20 ms are first investigated. The resulting 5th percentile SINR on PUCCH is derived and converted into supported PUCCH load per cell per RB, where SINR ≥ -6 dB is required to achieve the missed ACK probability, i.e. < 10-2 [4].
Note that in the simulations the target UE power setting is calculated from the PUCCH/PUSCH power control algorithms as in [5] and assume P0 and PL are constant. The power steps between transmissions within a 20 ms gap are determined by the change in number of allocated RBs. In the simulations, the system bandwidth is 5 MHz. A 20 MHz system will have four times the number of RBs and hence 6 dB larger potential power steps and even higher interference level.

The power errors are assumed to be drawn from a Gaussian distribution, i.e. 
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 is the specified power tolerance. This means 99.7 % of the samples are within the tolerance.
3 Simulation results
3.1 Traffic pattern

In the simulations, UE transmissions on PUCCH are studied. Such a transmission can be either an initial transmission or preceded by PUCCH and PUSCH with a transmission gap less than and equal to 20 ms. In the first case, the absolute power tolerance is applied, and in the latter case, power step-based relative power tolerances are applicable. Note that when the transmission gap is larger than 20 ms, the transmission is considered and counted as an initial transmission.    
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Figure 1 The statistics of UE transmission on PUCCH 

In our simulations, with heavy loaded cells (20 users per cell) and PUCCH CQI period of 40 ms, the resulting statistics of the UE transmission is given in Figure 1. It can be seen that 37% of the UE transmissions on PUCCH are initial transmissions and the ratio of initial transmissions is of the same magnitude for 1 and 10 users per cell (not shown). This ratio is much higher than that in WCDMA. Consequently, the performance of PUCCH is sensitive to the absolute tolerance, which can be seen in the following subsection. 
Please note that the pie chart in Figure 1 is different from what was presented in Figure 2b in [2] due to a bug in previous simulations. However, the bug did not change the previous conclusion that a transmission gap of 20 ms results in much fewer initial transmissions than a transmission gap of 9 ms.     
3.2 Joint impact of absolute and relative power tolerances
As mentioned earlier, the resulting 5th percentile SINR on PUCCH is investigated as a function of supported PUCCH load per cell per RB, where SINR ≥ -6 dB is required to achieve the missed ACK probability, i.e. < 10-2 [4].

In the simulations, we investigate the joint impact of both absolute power tolerance and relative power tolerances. With different tolerance settings, the resulting relative PUCCH capacity is given in Table 2, where the PUCCH capacity with absolute power tolerance of ±10.5 dB and the relaxation on relative power tolerance of 2 dB, as in [1], is used as a reference, which is at the right-bottom corner of the table.  
Table 2
Relative PUCCH capacities
	Absolute tolerance
	Capacity 
1 dB freq hop relaxation
	Capacity 
1.5 dB freq hop relaxation
	Capacity 
2 dB freq hop relaxation

	±8.5 dB
	122%
	120%
	116%

	±10.5 dB
	103%
	102%
	100%


From these results, it can be seen that a significant improvement (16-22 %) can be achieved by tighten the absolute power tolerance from ±10.5 dB to ±8.5 dB with different relaxation on frequency hopping. This is mainly due to the large ratio of the initial transmission occurring in the simulations. Meanwhile a minor improvement (2-3%) can be observed by tightening the relaxation of frequency hopping when absolute power tolerance is ±10.5 dB.  But the improvement is increased to 6% after the absolute power tolerance is tightened to ±8.5 dB. This is, again, because the absolute power tolerance dominates the overall interference generation in the given scenarios. However, if the absolute power tolerances could be well controlled in a network, the impact of relative power tolerance will be more observable. So we suggest changing the relaxation due to frequency hopping and RB changes for relative power tolerance under normal conditions from 2 dB to 1.5 dB. A similar consensus was achieved when the absolute power tolerance was specified [3]. 
3.3 Summary of proposals on absolute and relative power tolerances

Based on the simulation results and discussions, we propose the new absolute power tolerance as in Table 3, where the tolerances are ± 8.5 dB and ± 11.5 dB for normal and extreme condition respectively. This table is corresponding to Table 6.3.5.1.1-1 in [5].
Tabel 3
Absolute power tolerances
	Conditions
	Tolerance

	Normal 
	[± 8.5] dB

	Extreme 
	[± 11.5] dB


The relative power tolerances in normal and extreme conditions are given in Table 4 and 5 respectively. Under normal conditions, the power tolerance for 0( P( 4 dB is changed from [± MAX {2.0, P/2+2}] dB to ({P/2+1.5} dB. The corresponding tolerance under extreme condition is rewritten as ({P/2+4.0} dB.  Note these two tables are corresponding to Table 6.3.5.2.1-1 and Table 6.3.5.2.1-2 respectively. 
Table 4
Relative Power Tolerance for Transmission (normal conditions)
	power step size (Up or down)
	PUSCH/ PUCCH
	SRS
	PRACH

	ΔP [dB]
	(dB]
	[dB]
	[dB]

	0
	≤ ΔP ≤
	4
	[((P/2+1.5)]
	
	[± MAX {0.5, P/2}]

	4
	< ΔP ≤
	10
	[± 4.0]
	
	[± 3.0]1

	10
	< ΔP ≤
	15
	[± 5.0]
	
	n/a

	15
	< ΔP ≤
	20
	[± 6.0]
	
	n/a

	20
	< ΔP
	
	[± 6.0]
	
	n/a

	Note 

1.  For PRACH maximum power step is 6 dB


Table 5
 Relative Power Tolerance for Transmission (extreme conditions)

	power step size (Up or down)
	PUSCH/ PUCCH
	SRS
	PRACH

	ΔP [dB]
	[dB]
	[dB]
	[dB]

	0
	≤ ΔP ≤
	4
	[((P/2+4.0)]
	
	[± MAX {4.0 P/2+4}]

	4
	< ΔP ≤
	10
	[± 6.0]
	
	[± 5.0]

	10
	< ΔP ≤
	15
	[± 7.0]
	
	n/a

	15
	< ΔP ≤
	20
	[± 8.0]
	
	n/a

	20
	< ΔP
	
	[± 8.0]
	
	n/a

	Note 

1. For PRACH maximum power step is 6 dB


4 Conclusions

In this paper, we investigate the UE transmission statistics on PUCCH by system level simulation with a file uploading traffic model and proportional fair scheduler. A large percentage (37%) of the PUCCH transmission consists of initial transmissions. The joint impact of the absolute power tolerance and relative power tolerance on cell-edge PUCCH capacity are investigated. It is observed that the absolute power tolerance dominates the overall interference generation in the given scenarios. By tightening the absolute power tolerance from ( 10.5  to ( 8.5 dB under normal conditions the PUCCH capacity can be improved by 22%. The relaxation of frequency hopping is suggested to be 1.5 dB instead of 2 dB for normal condition, which is inline with an earlier consensus achieved by RAN 4 [3].     
5 References
[1] R4-083267, UE output power dynamics, Motorola, Ericsson

[2] R4-082984, Impact of Power Tolerance on System Capacity, Ericsson
[3] R4-082203, Absolute Power Tolerance for LTE UL Power Control, Ericsson
[4] R4-080172, Ideal PUCCH results, Ericsson

[5] TS 36.101, V8.4.0





















preceded by PUSCH





preceded by PUCCH












































initial tx





 





16%





47%





37%








_1292099885.unknown

_1292099925.unknown

_1292099758.unknown

