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1
Introduction
Inner loop power control (ILPC) requirement relaxation has been proposed [1] to introduce a lower cost and power efficient power amplifier (PA) into UMTS networks. Simulation assumptions were provided in [1] along with a realistic inner loop power control (ILPC) relaxation, reflecting a power amplifier (PA) hysteresis, to correctly measure the impact of ILPC relaxation on system performance. In the meantime, the benefits of using a multiple gain state PA were highlighted in [2] and [3], and the impact of ILPC relaxation on other tests has been investigated in [4].
In this contribution, we will show the uplink system performance impact due to the ILPC requirement relaxation based on simulation assumptions in [1].
2
Review of ILPC relaxation
In [1], two relaxation models were proposed only at a few exceptions (gain state switching points), type A and type B, to accommodate the state of the art multiple gain state PA. In type A, there is a relaxation for the TPC range only for the TPC step size of 1 dB. In type B, there are two relaxations for the TPC step size of 1 dB and 2 dB. The resulting TPC range for the exception is given in Table 1A and 1B for two possible scenarios respectively. As observed in Table 1A and 1B, 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 is equal to 1 dB and the PA crosses the switching points. For type B, an additional 1.0 dB with the PC step size of 1 dB and additional 0.5 dB with the PC step size of 2dB is allowed for the exceptions. For all other occasions of the transmit power change, the PA follows the original inaccuracy requirement in [5] subject to the aggregate TPC range in [5].

Table 1A: 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 1B: 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


3
Inaccuracy Considering Hysteresis in PA

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 state 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 subject to the aggregate TPC range in [5].
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Figure 1: An example diagram of the TPC range reflecting the hysteresis with a 3 state PA when the TPC step size = 1 dB
For the system simulation, we model the PA with 2 gain switching points.
· 2 gain switching points.
-  Upward direction: (+1 dBm, +11 dBm)

-  Downward direction: (-2 dBm, +8 dBm)

· In type A, at a gain state 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 state 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 state 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 state transition in the downward direction, a uniformly distributed error between -1.5 and 0 dB is applied on top of the PC command.
4
Simulation Assumptions
General system simulation parameters are shown in Table 2.
Table 2: System Simulation Parameters

	Parameter
	Value

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

	Site-to-site Distance
	1000 meters

	Channel model
	PA3, PB3, and VA30

	Service
	10 full buffer users per sector (uniformly distributed)

	Receiver Type
	2 receive diversity

	TPC Decoding Error Rate
	4%

	PC Delay
	2 slots

	EUL TTI length
	2 ms

	RoT
	4.5 dB

	BLER target
	1%

	UE maximum output power
	24 dBm

	Shadow fading standard deviation
	8 dB

	Number of switching points
	2 (Upward direction: [+1 dBm, +11 dBm], Downward direction: [-2 dBm, +8 dBm])


5
Simulation Result
To measure the performance degradation in system simulation, the following configurations in Table 3 have been compared. In SC1 everything is ideal, in SC2 we add 4% TPC decoding error, in SC3 ±0.5 dB uniform PA error is added, in SC4 PA error dependent on step size according to the existing ILPC requirement is added, in SC5 Type A relaxation with the hysteresis is applied at the switching points, and in SC6 Type B relaxation with the hysteresis is applied at the switching points.
SC4 represents the baseline system behavior with existing requirement in [5]. SC5 and SC6 reflect the system behaviors when we introduce the ILPC relaxation as per Table 1A and Table 1B, respectively.
Table 3: Simulation Configurations

	#
	

	1
	No errors in PA or TPC decoding

	2
	No errors in PA, 4% TPC decoding error

	3
	0.5 dB uniform error in PA, 4% TPC decoding error

	4
	PA error dependent on step-size, no error due to PA transition, 4% TPC decoding error (Baseline)

	5
	PA error dependent on step-size, plus error due to PA transition (Type A Relaxation), 4% TPC decoding error

	6
	PA error dependent on step-size, plus error due to PA transition (Type B Relaxation), 4% TPC decoding error
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Figure 2: System Sector Throughput in PA3

[image: image3.emf]PB3

0.988

0.99

0.992

0.994

0.996

0.998

1

1.002

1.004

1.006

0 1 2 3 4 5 6 7

SC Config Number

Bit rate (Mbps)


Figure 3: System Sector Throughput in PB3
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Figure 4: System Sector Throughput in VA30

System sector throughputs in PA3, PB3 and VA30 are shown in Figure 2, Figure 3, and Figure 4, respectively. When you compare the performance degradation of Type A and Type B relaxation with baseline, the sector throughput loss with Type A relaxation is -0.02%
 in PA3 and PB3 and 0.01% in VA30, and with Type B relaxation is 0.07% in PA3 and PB3 and 0.12% in VA30. 

In any case, we can conclude that performance degradation due to the relaxation is negligible. Therefore, by introducing the relaxation on the existing ILPC requirement, (1) we could accommodate a multiple gain state PA which reduces PA current consumption, increasing talk time, (2) we could support the development of a cheaper PA, and (3) it could reduce the verification time for PA vendors.
6
Conclusions
We have shown that the uplink system performance impact due to the ILPC requirement relaxation is negligible. We propose to introduce Type B ILPC requirement relaxation. A text proposal is presented for the CR based on this contribution and [4] to modify TS 25.101 in Annex.

Proposal: Introduce a Type B relaxation on the ILPC requirement in TS 25.101 [5].
7
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Annex


Text proposal for the CR to modify TS 25.101
-------------------------------------------------------------- Text start --------------------------------------------------------------
6.4.2
Inner loop power control in the uplink

Inner loop power control in the Uplink is the ability of the UE transmitter to adjust its output power in accordance with one or more TPC commands received in the downlink.

6.4.2.1
Power control steps

The power control step is the change in the UE transmitter output power in response to a single TPC command, TPC_cmd, derived at the UE.
6.4.2.1.1
Minimum requirement

The UE transmitter shall have the capability of changing the output power with a step size of 1, 2 and 3 dB according to the value of TPC or RP-TPC, in the slot immediately after the TPC_cmd can be derived

a)
The transmitter output power step due to inner loop power control shall be within the range shown in Table 6.4.

b)
The transmitter average output power step due to inner loop power control shall be within the range shown in Table 6.5. Here a TPC_cmd group is a set of TPC_cmd values derived from a corresponding sequence of TPC commands of the same duration.

The inner loop power step is defined as the relative power difference between the mean power of the original (reference) timeslot and the mean power of the target timeslot, not including the transient duration. The transient duration is from 25(s before the slot boundary to 25(s after the slot boundary.
Table 6.4: Transmitter 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


Table 6.5: 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


The UE shall meet the above requirements with the exceptions defined below for inner loop power control over the power range bounded by the Minimum output power as defined in subclause 6.4.3, and the Maximum output power supported by the UE (i.e. the actual power as would be measured assuming no measurement error). This power shall be in the range specified for the power class of the UE in subclause 6.2.1. If the UE transmitter’s output power is varied from Minimum output power to Maximum output power by sending multiple TPC_cmd sequences of {+1,+1,+1,+1,-1,-1,-1} or from Maximum output power to Minimum output power by sending multiple TPC_cmd sequences of {-1,-1,-1,-1,+1,+1,+1} then for each direction up to 2 exceptions to the transmitter power control range defined in table 6.4 shall be allowed. For each exception, the transmitter power control range is defined in table 6.4A.
Table 6.4A: Transmitter power control range for exceptions
	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


-------------------------------------------------------------- Text end --------------------------------------------------------------













































































































































































































































































































































� This negligible negative degradation is within simulation inaccuracy.
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