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1
Introduction
In [1] and [2], a proposal was made to relax the Inner Loop Power Control (ILPC) step size accuracy [3] in order to accommodate a multiple gain stage Power Amplifier (PA) in the UE.  In this contribution we provide a simulation assumption with a new realistic ILPC requirement, including the hysteresis, to measure the impact on system performance.
2 System Simulation Assumptions
2.1  Baseline Inaccuracy Model for Larger Step Size 
To correctly measure the impact on system performance with the new ILPC requirement, the baseline should be clearly defined. The Transmit Power Control (TPC) range for the UE with respect to the TPC step size is given in the current 25.101 specification [3].  It is given in Table 1 for the convenience.
Table 1: Transmit Power Control Range

	TPC_ cmd
	Transmitter power control range

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

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	+0.5 dB
	+1.5 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	-0.5 dB
	-1.5 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


It should be noted that, for 1 dB step size, (0.5 dB of inaccuracy is allowed, for 2 dB step size, (1.0 dB of inaccuracy allowed, and for 3 dB step size, (1.5 dB of inaccuracy is allowed.  Given that the simulation now includes a MAC-e data scheduler for full buffer users, we realize that a UE’s power may transition in power steps of +3 dB or higher, due to different T/P requirements of the transport block sizes.  For the step size larger than 3 dB, the amount of inaccuracy allowed is not explicitly described in the spec.  However, we assume that (1.5 dB of inaccuracy is allowed in the case of the step size larger than 3 dB.  Additionally, (0.5 dB of inaccuracy is allowed for 0 dB step size.
On top of the requirement in Table 1, the aggregate TPC range should also satisfy the requirement in 25.101 specification [3], which is shown in Table 2.
Table 2: Transmit 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


2.2  Simulation Parameters 
Other than the ILPC accuracy requirement, general system simulation parameters are listed in Table 3.

Table 3: System Simulation Parameters

	Parameter
	Value

	Network model
	7 sites; 3 sectors per site with wrap around. 

	Site-to-site Distance
	1000 meters

	Channel model
	PA3, VA3, TU3

	Service
	Full buffer users

	Receiver Type
	2 receive diversity

	TPC Command Error Rate
	4%

	PC Step Size
	1 dB

	PC Delay
	1 slot

	EUL TTI length
	2 ms

	BLER target
	1%

	UE maximum output power
	21 dBm

	Shadow fading standard deviation
	8 dB


In the following Section 3 and 4, we provide a suitable model that captures the proposed ILPC relaxation at the exception points to accommodate a realistic PA.
3 Transmit Power Relaxation in Multiple Gain Stage PA
In this contribution, two relaxation models are proposed, type A and type B, to accommodate the state of the art multiple stage PA, only at a few exceptions.  In type A, there is a relaxation for the TPC range only for the TPC step size = 1 dB.  In type B, there are two relaxations for the TPC step size = 1 dB and 2 dB.  The resulting TPC range for the exception (switching point) is given in Table 4A and 4B for two possible scenarios respectively.  As observed in Table 4, type A is to further extend the allowed power control range by an additional 0.5 dB for the case only when the PC step size = 1 dB and the PA crosses the switching point.  For type B, an additional 1.0 dB with the PC step size = 1 dB and 0.5 dB with the PC step size = 2dB is allowed for the exceptions.  For all other occasions of the transmit power change, the PA follows the original inaccuracy requirement in Table 1 subject to the aggregate TPC range in Table 2.
Table 4A: Type A - Transmitter Power Control Range for the exception
	TPC_ cmd
	Transmitter power control range

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

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	0.0 dB
	+2.0 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	0.0 dB
	-2.0 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


Table 4B: Type B - Transmitter Power Control Range for the exception

	TPC_ cmd
	Transmitter power control range

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

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	-0.5 dB
	+2.5 dB
	+0.5 dB
	+3.5 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	+0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	0.5 dB
	-2.5 dB
	-0.5 dB
	-3.5 dB
	-1.5 dB
	-4.5 dB


4 Inaccuracy Considering Hysteresis in PA
We also want to emphasize that, when running the system simulation, a power hysteresis model should be included to reflect a realistic implementation of a PA.  Figure 1 is a simple diagram reflecting this model for a 3 gain stage PA.  Assuming the type A PA, the hysteresis model is as follows:

· When the PA crosses the gain switching points (+1 dBm, +11 dBm) from low to high, add a unidirectional uniform random error in the range of 0 to 1.0 dB, when the TPC step size = 1 dB.  If the PA crosses the gain switching points (+1 dBm, +11 dBm) from high to low, do not add any error.
· When the PA crosses the gain switching points (-2 dBm, +8 dBm) from high to low, add a unidirectional uniform random error in the range of -1.0 to 0 dB, when the TPC step size = 1 dB.  If the PA crosses the gain switching points (-2 dBm, +8 dBm) from low to high, do not add any error.

Please note that the above rule is only applied at the gain switching points.  For all other occasions of the transmit power change, the PA follows the original inaccuracy requirement in Table 1 subject to the aggregate TPC range in Table 2.

We realize that there may not have been enough time to simulate the power hysteresis model in the PA.  As proposed above, a model such as Figure 1 must be included in the system study.  Otherwise, every time you transition the switching points in either direction, errors will be added, which is not realistic.
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Apply a uniform error of [0, +1.0] dB 
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Figure 1: An example diagram of the TPC range reflecting the hysteresis with a 3 stage PA when the TPC step size = 1 dB
For the system simulation, we model the multiple gain stage PA as follows:

· The PA can have from 2 gain switching points up to 6.
i. 2 gain switching point PA
-  upward direction: (+1 dBm, +11 dBm)
-  downward direction: (-2 dBm, +8 dBm)

ii. 3 gain switching point PA
-  upward direction: (-9 dBm, +1 dBm, +11 dBm)

-  downward direction: (-12 dBm, -2 dBm, +8 dBm)

iii. 4 gain switching point PA
-  upward direction: (-19 dBm, -9 dBm, +1 dBm, +11 dBm)

-  downward direction: (-22 dBm, -12 dBm, -2 dBm, +8 dBm)

iv. 5 gain switching point PA
-  upward direction: (-29 dBm, -19 dBm, -9 dBm, +1 dBm, +11 dBm)

-  downward direction: (-32 dBm, -22 dBm, -12 dBm, -2 dBm, +8 dBm)

v. 6 gain switching point PA
-  upward direction: (-39 dBm, -29 dBm, -19 dBm, -9 dBm, +1 dBm, +11 dBm)

-  downward direction: (-42 dBm, -32 dBm, -22 dBm, -12 dBm, -2 dBm, +8 dBm)

· In type A, at a gain stage transition in the upward direction, a uniformly distributed error between 0 and 1.0 dB is applied on top of the 1 dB or 2 dB PC command.  The error between 0 and 1.5 dB is applied on top of the greater than equal to 3 dB PC command.
· In type B, at a gain stage transition in the upward direction, a uniformly distributed error between 0 and 1.5 dB is applied on top of the PC command.
· In type A, at a gain stage transition in the downward direction, a uniformly distributed error between  -1.0 and 0 dB is applied on top of the -1 dB or -2 dB PC command.  The error between -1.5 and 0 dB is applied on top of the less than or equal to -3 PC command.
· In type B, at a gain stage transition in the downward direction, a uniformly distributed error between  -1.5 and 0 dB is applied on top of the PC command.
5
Conclusions
This contribution provides the baseline system simulation assumption based on the current ILPC step size accuracy requirement allowed in the current spec [3].  New two types of ILPC relaxation considering the hysteresis in the PA are then presented to assess the impact of this relaxation on the system performance.
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