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1
Introduction

The agreed 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 user specific parameter [1]

· 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

· 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

The decision to have Po be user specific (instead of cell specific) was made at RAN1#50 [1]. The ability to have a user-specific Po significantly improves the flexibility of the power control method. 

For the purposes of optimizing the dynamic range of Po, we propose to split Po into its two components: Po = Po_nominal + Po_user_i
· Po_nominal: this is a cell specific component which sent via BCH 

· Po_user_i: this is user-specific component that is sent to the UE via higher layer signaling

It is further proposed that the signaled Po_user_i is used additively by the UE on top of the broadcasted Po_nominal (i.e., Po_user_i does not replace Po_nominal).

2 Range of Po_nominal and Po_user_i
Using the split of Po = Po_nominal + Po_user_i, and following our preferred UL power control technique as described in [2], we choose to have delta_mcs set to all zeros, set  = 1, and choose

· Po_nominal =  + I
 where  is a nominal target SINR and I  is the total uplink interference level at the e-NB (thermal noise plus other cell interference)
· Po_user_i = (1-)x(PLstrongest_neighbor – PL)
     where PL is the path loss from the UE to the serving sector, PLstrongest_neighbor is the path loss from the  UE to its strongest neighboring sector, and 0<<1. 

In our preferred UL power control method, we choose  to achieve a certain tradeoff in sector throughput vs. cell edge bitrate, and adapt  in order to achieve a desired IoT operating point. We have already proposed in [2] that the user specific component have a dynamic range of at least 0 dB to 15 dB; given now that this value is sent via RRC signaling, we believe that simple linear quantization of Po_user_i from 0 dB to 15 dB in steps of 1 dB is appropriate (4 bits).

As for the range for Po_nominal, this depends on the the total uplink interference level (I) as well as the nominal target SINR (). The total uplink interference level depends on the thermal noise power spectral density, the noise figure of the e-NB, and the IoT operating point. For example, assuming a thermal noise PSD of -174 dBm/Hz, the total uplink interference level is given by

I = -174 dBm/Hz + 10*log10(180kHz) + NoiseFigure + IoT

Assuming a noise figure in the range of 2 dB to 8 dB, and an IoT operating point in the range of 0 dB to 10 dB, this gives a range for the uplink interference level of -119 dBm to -103 dBm.


We cannot separately look at the dynamic range for the nominal target SINR  in order to determine the dynamic range of Po_nominal, because the setting of  determines the IoT operating point. Further complicating matters, the setting of  in Po_user_i also affects the IoT operating level. Therefore, to determine an appropriate range for Po_nominal, we performed system simulations for a range of  and  and observed the resulting IoT. Results for Simulation Case 1 and Case 3 are shown in Tables 1 and 2, respectively. The detailed simulation assumptions are given in the Annex. 

A desired IoT operating point would be in the range of 3 dB to 10 dB (small IoT for good coverage, large IoT for high capacity—note however that such a large IoT may lead to system stability issues). Considering the full range of  over both Case 1 and Case 3, and considering a high IoT (10 dB) for Case 1 and a moderate IoT (5 dB) for Case 3 (for coverage reasons) we see that a reasonable range of  that should be considered is -6 dB to 14 dB. This would give the range for Po_nominal to be -125 dBm to -89 dBm.  Assuming a 1 dB step size, we could use 6 bits and extend the range to -125 dBm to -62 dBm, which leaves plenty of flexibility in terms of the range.

Table 1: Mean IoT for different values of  and ; Simulation Case 1.

	 
	Mean IoT (dB), Case 1

	
	 = 1
	 = 0.8
	 = 0.5
	 = 0.3

	-6
	0.9
	1.0
	1.5
	2.2

	-4
	1.6
	1.9
	2.9
	4.4

	-2
	3.0
	3.8
	6.6
	12.1

	0
	6.8
	9.4
	15.5
	18.6

	2
	14.1
	16.3
	19.2
	20.8

	4
	17.7
	19.0
	21.0
	22.0

	6
	19.5
	20.6
	22.0
	22.6


Table 2: Mean IoT for different values of  and ; Simulation Case 3

	 
	Mean IoT (dB), Case 3

	
	 = 1
	 = 0.8
	 = 0.5
	 = 0.3

	-6
	0.7
	0.8
	1.1
	1.5

	-4
	1.0
	1.2
	1.7
	2.2

	-2
	1.5
	1.8
	2.4
	3.0

	0
	2.0
	2.4
	3.1
	3.6

	2
	2.6
	3.0
	3.6
	4.1

	4
	3.1
	3.4
	4.1
	4.6

	6
	3.5
	3.9
	4.6
	5.0

	8
	3.9
	4.3
	5.1
	5.4

	10
	4.3
	4.7
	5.4
	5.5

	12
	4.6
	5.2
	5.6
	5.7

	14
	5.0
	5.4
	6.1
	6.2


3 Conclusion

· For the purposes of optimizing dynamic range, Po in the current UL PUSCH power control rule should be split into Po = Po_nominal + Po_user_i
· Po_nominal is sent via cell BCH

· 6 bits to represent a dynamic range of -125 dBm to -62 dBm in steps of 1 dB

· Po_user_i is sent via RRC signaling; it is used as an additional power offset to Po_nominal by the UE

· 4 bits to represent a dynamic range of 0 dB to 15 dB in steps of 1 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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 = 70 degrees,  Am = 20 dB 

	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 = 8 ms

Num HARQ processes = 8



	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 =  + I + (1-)x(PLstrongest_nonserving – PL), 0 <  < 1.



	IoT Control
	Disabled for this experiment

	Virtual decoder methodology
	Effective code rate method.
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