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1
Introduction
In the recent RAN4 meetings, LTE UE transmit power tolerance was discussed, but no consensus has been achieved so far [1-4]. This contribution presents simulation results on impacts of transmit power tolerance to UL system performance. 
2 Discussion

2-1 Background
In the last RAN4 meetings, some proposals on relative/absolute power tolerance were presented and discussed. Further discussions were held in the teleconference between RAN4 #47 bis and RAN4 #48.
R4-081388 proposed relative power tolerance in Table 1 and 2 below. It was also proposed that the relative tolerance is +/- 10 dB when the UE is in continuous transmission, i.e. transmission gap > 10 ms [4].
Table 1 Relative Power Control Tolerance (transmission gap = 0 ms)

	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	[+/- 0.5]

	[2  |ΔP|(4]
	[+/- |ΔP|(/2](

	ΔP|(20]
	[+/- |ΔP|(/2](

	[21  |ΔP|](
	[+/- 11]


Table 2 Relative Power Control Tolerance (0 ms < transmission gap <= 10 ms)

	Power Change Step Size [dB]
	Tolerance [dB]

	[0  |ΔP|(1]
	TBD

	[2  |ΔP|(4]
	TBD

	ΔP|(20]
	TBD

	[21  |ΔP|](
	TBD


R4-081296 also proposed that power tolerance should be defined in three regions, i.e. between contiguous subframes (transmission gap is 0 ms), non-consecutive subframes (transmission gap is up to 7 ms), and non-contiguous subframes (transmission gap is more than 7 ms) [1]. 

In [5], on the other hand, it was proposed that power tolerance should be defined in two regions, i.e. contiguous subframes (transmission gap is 0 ms) and non-contiguous subframes (transmission gap is more than 0 ms). 

2-2 Simulation scenarios
As discussed in the previous section, the transmission gap is one of the key parameters to define the power tolerance requirements. The transmission gap depends on the following parameters:

· Dynamic scheduling (Proportional fairness / Round robin / …)

· Transmission gap depends on the number of users in the cell and its algorithm (Proportional fairness / Round robin / …)
· Semi-persistent scheduling (SPS)

· Transmission gap is typically 20 ms, assuming VoIP
· HARQ retransmission
· Transmission gap is 8 ms (HARQ RTT: 8 ms)

· AMC control delay

· Transmission gap is 10 ms + sounding RS periodicity

· “10 ms” is corresponding to the difference between sounding RS transmission and PUSCH transmission

The above lists indicate that SPS transmission gap (20 ms) would be the largest one in the above practical scenarios. Therefore, we investigate the impacts of power tolerance to UL VoIP capacity in the next section. 
2-3 Simulation results
We used the same simulation configuration as in R1-071963 [6]. In the simulations, the number of VoIP users was evaluated when the power tolerance is considered for each transmission. In the simulations, VoIP packets, which were delayed by 40 ms, were discarded, and the required packet loss rate (PLR) was set to less than 2%. The power tolerance were set to 0 dB, +/- 3 dB, +/- 6 dB, and +/-9 dB to ideal transmit power. It is noted that when the transmit power exceeds the maximum output power, the transmit power is set to the maximum. Further details of the simulation assumptions are summarized in Annex A. 
Figure 1 presents the outage probability for achieving the PLR of less than 2% as a function of the number of UEs per cell. The capacity loss assuming 5% outage probability is summarized in Table 1. The results indicate that the capacity loss would significantly increase as the power tolerance increases. The capacity loss due to the 9 dB power tolerance would never be acceptable from a system performance point of view. Therefore, it is proposed that the power tolerance should be reasonably small when the transmission gap is relatively large, e.g. 20 ms. 
[image: image1.emf]0

5

10

15

20

25

30

140 160 180 200 220 240 260 280

w/o Error

Uniform 3dB

Uniform 6dB

Uniform 9dB

Outage probability (%)

Number of UEs per sector


Figure 1 Number of UEs per sector
Table 3 Capacity loss

	
	Power tolerance

	
	0 dB
	3 dB
	6 dB
	9 dB

	Number of UEs (Outage: 5%)
	260
	240
	215
	180

	Capacity loss
	-
	8%
	17%
	31%


3 Conclusions

In this contribution, we presented simulation results on UL VoIP capacity and investigated the impacts of UL transmit power tolerance. The results indicated that the capacity loss would significantly increase as the power tolerance increases. Therefore, we propose that the power tolerance should be reasonably small when the transmission gap is relatively large, e.g. 20 ms.
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Annex A. Simulation assumptions

Table A.1 presents simulation parameters, and Table A.2 presents MCS sets.

Table A.1 Simulation parameters
	Parameters
	Values

	Channel bandwidth
	5 MHz

	Unit of resource assignment
	180 kHz x 1.0 msec

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 cells per site

	Inter-site distance (ISD)
	500 m

	Minimum distance between UE and cell site
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	10 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Channel model
	6-ray Typical Urban

	Maximum Node B transmission power
	43 dBm

	Maximum UE transmission power
	24 dBm

	Number of Node B transmitter antennas
	1

	Number of UE transmitter antennas
	1

	Number of Node B receiver antennas
	2

	Number of UE receiver antennas
	2

	Node-B antenna pattern (antenna gain)
	70-degree sectored beam (14 dBi)

	UE antenna gain
	0 dBi

	Node-B noise figure
	5 dB

	UE noise figure
	9 dB

	Maximum Doppler frequency (fD)
	55.5 Hz

	Hybrid ARQ
	Combining scheme
	Chase combining

	
	Round trip delay
	8.0 msec


Table A.2 MCS set

	
	MCS
	Required number of RBs

	Used for SID
	QPSK R=1/2
	1

	Used for Voice packet
	QPSK R=2/3
	2


