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1
Introduction
As agreed in [1], the power control rule for PUSCH is given by:
· PC formula: P = min ( Pmax ,  10 log M + Po + α x PL + delta_mcs + f(delta_i))

· UE obeys the power setting formulation based on the parameters signaled by the network

· M is the number of assigned RBs (based on UL grant) 

· Po is a cell specific parameter that is broadcasted (default value)

· α is cell specific path loss compensation factor (can be set to one to allow full path loss compensation)

· PL is downlink pathloss calculated in the UE

· delta_mcs is signaled by RRC (table entries can be set to zero)

· MCS signaled in UL grant

· delta_i is UE specific correction value included in the UL grant

· Function f(*) signaled via higher layers

· Only two possibilities

· Accumulated vs. absolute value

· This should be consistent with interference coordination

· Further simplifications if agreed upon

We have shown in previous contributions [2] that the uplink system performance can be improved if the power control rule additionally takes into account the path loss difference between the UE’s serving cell and the strongest neighboring cell, hence accounting for the amount of interference a UE is generated to neighboring cells. This observation has also been confirmed by other companies [3, 4].

In this contribution we illustrate how the path loss to the strongest neighbor cell can be factored into the agreed upon power control rule through the use of the UE specific correction factor f(delta_i), and provide system level simulation results to aid in deciding on the proper level of quantization and dynamic range for f(delta_i).

2 Choice of UE Specific Power Offset
The power control rule described in [2] can be implemented using the agreed power control formula in [1] by choosing the following settings:

· Set  = 1

· e-NB sets f(delta_i) = (1-)x(PLstrongest_neighbor – PL) 
where f(delta_i) is an absolute power offset value determined by the e-NB and signaled to the UE in the UL scheduling grant, and PLstrongest_neighbor is the path loss measured by the UE from its strongest neighboring cell (note that the path loss measurement includes shadow fading, penetration losses, and antenna gains). Either PLstrongest_neighbor or the path loss difference (PLstrongest_neighbor – PL) is expected to be known at the e-NB as part of the normal information needed for handoff.

This choice of f(delta_i) allows UEs which have a larger path loss difference between their strongest neighbor cell and their serving cell (i.e. which are causing smaller inter-cell interference) to transmit at increased power levels, hence improving spectral efficiency. The parameter  is used to control the fairness between cell-edge UEs and UEs near the interior of the cell (similar to the  value in the fractional power control scheme); note that choosing  = 1 results in the classic open loop power control in which all UEs have the same targeted received PSD. Choosing smaller values of  allows for a flexible trade-off in spectral efficiency vs. cell edge rate.
3 Quantization of UE Specific Power Offset
In this section we study the impact of quantizing the UE specific power offset f(delta_i), given the implementation described in Section 2. We assume the following constraint on the UE measurement:

· maximum path loss difference that can be measured by the UE is 15 dB 
We assume that a uniform quantization between 0 and (1-) x 15 dB is used for the UE specific power offset f(delta_i).  From Figure 1, note than 85% of the UEs have a path loss difference less than 15 dB (for both simulation Case 1 and Case 3). For reference, Figure 2 has been provided which illustrates the distribution of the path loss to the strongest neighbour cell for both simulation Case 1 and Case 3.
Tables 1-4 provide the cell throughput and cell edge rates for different levels of quantization of the UE specific power offset, and also indicate the loss in performance compared to the case of no quantization. We have provided results for both simulation Case 1 and Case 3; the simulation assumptions are in line with those used for the LTE performance checkpoint [5], and are given in detail in the Annex.

From the results, we see that using only 2 bits to quantize the UE specific power offset results in noteable performance loss for simulation Case 1: 5-7% loss in cell throughput, 12-13% loss in cell edge rate. By increasing to 3 bits for the UE specific power offset, the loss due can be reduced to 2-3% in cell throughput and 5-7% in cell edge rate. Increasing to 4 bits reduces the performance loss even further; 1-2% loss in cell throughput and 3-4% loss in cell edge rate. For simulation Case 3, which is more noise limited and hence less sensitive to interference management, there is still some small gain in going from 2 bits to 3 bits to quantize the UE specific power offset.
Table 1: Performance impact of quantizing UE specific power offset for =0.5; Simulation Case 1.
	 
	Simulation Case 1 (500m ISD),  = 0.5

	Quantization of UE specific power offset
	Cell Tput (kbps)
	% Loss in Cell Tput from quantization
	5% User Tput (kbps)
	% Loss in 5% User Tput from quantization

	No Quantization
	7672
	 
	287
	 

	4 bits
	7561
	1.45
	275
	4.18

	3 bits
	7512
	2.09
	270
	5.92

	2 bits
	7274
	5.19
	252
	12.20


Table 2: Performance impact of quantizing UE specific power offset for =0.3; Simulation Case 1
	 
	Simulation Case 1 (500m ISD),  = 0.3

	Quantization of UE specific power offset
	Cell Tput (kbps)
	% Loss in Cell Tput from quantization
	5% User Tput (kbps)
	% Loss in 5% User Tput from quantization

	No Quantization
	8416
	 
	275
	 

	4 bits
	8256
	1.90
	265
	3.64

	3 bits
	8167
	2.96
	255
	7.27

	2 bits
	7823
	7.05
	240
	12.73


Table 3: Performance impact of quantizing UE specific power offset for =0.5; Simulation Case 3
	 
	Simulation Case 3 (1732m ISD),  = 0.5

	Quantization of UE specific power offset
	Cell Tput (kbps)
	% Loss in Cell Tput from quantization
	5% User Tput (kbps)
	% Loss in 5% User Tput from quantization

	No Quantization
	6977
	 
	22
	 

	4 bits
	6904
	1.05
	22
	0.00

	3 bits
	6872
	1.50
	22
	0.00

	2 bits
	6728
	3.57
	21
	4.55


Table 4: Performance impact of quantizing UE specific power offset for =0.3; Simulation Case 3
	 
	Simulation Case 3 (1732m ISD),  = 0.3

	Quantization of UE specific power offset
	Cell Tput (kbps)
	% Loss in Cell Tput from quantization
	5% User Tput (kbps)
	% Loss in 5% User Tput from quantization

	No Quantization
	7134
	 
	18
	 

	4 bits
	7080
	0.76
	17
	5.56

	3 bits
	7050
	1.18
	17
	5.56

	2 bits
	6922
	2.97
	16
	11.11


Figure 1: CDF of difference between strongest neighbour cell path loss and serving cell path loss.
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Figure 2: CDF of strongest neighbour cell path loss (path loss measurement includes distance-dependent path loss, penetration losses, shadow fading, and antenna gains).
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4 Conclusion

UE specific power offset f(delta_i) in PUSCH power control rule should support

· Absolute power offset

· Quantization no less than 3 bits

· Dynamic range of up to 15 dB
A proposed mapping table for f(delta_i) in the case of 3 bit quantization is provided below.

	f(delta_i) bit pattern
	value

	000
	0 dB

	001
	2 dB

	010
	4 dB

	011
	6 dB

	100
	8 dB

	101
	10 dB

	110
	12 dB

	111
	14 dB
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Annex A: Simulation Assumptions
Table A.1 – UTRA and EUTRA simulation cases

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	3
	2.0
	1732
	10
	20
	3


Table A.2– Macro-cell system simulation baseline parameters for Release 6 and E-UTRA

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 12 cell sites, 3 sectors per site (36 sectors total) with wrap around. 

	Inter-site distance
	See Table A.1

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 – 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table A.1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	BS antenna gain plus cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 antennas diversity antennas, perfectly uncorrelated

	Carrier Frequency / Bandwidth
	See Table A.1

	Channel model
	Typical Urban (TU) 6-ray

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm – 10MHz carrier

	UE power class
	24dBm (250mW)

	Maximum C/I Limit
	17 dB

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	
	

	Users dropped uniformly in entire cell
	


	Traffic model
	Full buffer

	Average number of UEs per cell
	10

	Virtual decoder methodology
	Effective code rate method.


Table A.3– E-UTRA specific simulation assumptions for Full Buffer simulations

	Physical layer receiver
	MMSE equalization

	Transport channel processing
	Release 6

	MCS levels
	QPSK R=1/8, ¼, 1/3, ½., 2/3, ¾

16 QAM R=1/2, 2/3, ¾, 7/8

	Scheduling mode
	Frequency selective scheduling using proportional fairness, time constant = 1000ms

	HARQ
	Max of 6 transmissions

HARQ RTT = 5 ms

Num HARQ processes = 5


	Link adaptation
	Target 20% BLER on 1st  transmission by dynamically adapting thresholds for MCS selection based on first transmission ACK/NACK results.

	Channel sounding RS assumptions
	First SC-FDMA symbol of each TTI reserved for CS-RS (8.3% overhead) ; 10 UEs can send CS-RS each subframe. Non-ideal  SINR estimation of CS-RS for frequency selective scheduling; 1 subframe delay in processing CS-RS before it is available to the scheduler

	Channel Estimation
	Assuming one-shot channel estimation over a 1ms subframe, averaging of 6 subcarriers in frequency domain. Impact of channel estimation modelled using effective SINR formula:

1/Effective SINR = 1/SINR_Ideal + 1/SINR_pilot + 1/(SNR_Ideal x SNR_pilot)

	Control Channel Overhead 
	8 PRB reserved for PUCCH in 10 MHz allocation (4 PRBs at upper end and 4 PRBs at lower end of spectrum)

	PUSCH power control configuration
	P = min ( Pmax ,  10 log M + Po + α x PL + delta_mcs + f(delta_i))
-- delta_mcs configured to all zeros

--  = 1

-- Po is adapted to get the desired IoT operating point (see IoT control below) 

-- f(delta_i) = (1-)x(PLstrongest_nonserving – PL), 0 <  < 1.


	IoT Control
	IoT control is based on an overload indicator exchanged between e-NBs every 50ms. Po in the PUSCH power control rule is adapted to get a median IoT operating point of 5 dB for Case 1 and 3 dB for Case 3.

	Virtual decoder methodology
	Effective code rate method.
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