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Proposed Text on Power Control Section in Amendment Text
Brief introduction of Open Loop Power Control (OLPC) Schemes
Normally, the UL transmission Power Spectrum Density (PSD) is decided by OLPC equation: 
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Where, 
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 is the transmit power density. SINRT is the target SINR of UL signal. IoT is the interference exceed over thermal noise density, 
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 is the thermal noise power density, α is the path loss compensation factor designated by ABS. When α < 1 only a fraction of the path loss is compensated. PL denotes path loss. This is so-called “fractional power control”.
Such a scheme is targeted at adjusting the UL TX power according to the target SINR. However, interference  among cells is not considered in the scheme. The controlling on interference is sub-optimal. 
Considering the target IoT to other cell/sector, Interference Constraint Power Control: ICPC is <people are reluctant for anything new, let’s tone it down> proposed:
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Where
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 is the transmit power density. 
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 is the thermal noise power density.
NRT is the target noise rise level designated by ABS.

Note that all values are in dB.

g is the sum of path gain (including antenna gain and shadow fading) to all other sectors, the following equation should be adopted:

g=(P-N)-Txp-PG, 

where g is the sum path gain, P is the total received power (measured on preamble), 
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 is the noise power density, Txp is the transmitting power of ABS, and PG is the path gain from AMS to serving ABS. 

NRT values are broadcasted by ABS, as an option, ABS also could unicast a special value to any AMS, Considering NRT value are related to MCS. Normally ABS will give a set of NRT values. 

E.g. NRT=[13.0, 4.0, 3.0, 2.0, 1.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0 ]
Then AMS should use the NRT[MCS index] for power control. 
Considering that power control is in a comparably slower pace than MCS adjust, as an option, we propose to use 1st order forgetting filter to smoothe NRT value for power control.

NRT=a*NRT+(1-a)NRT[MCS[n]], where MCS is the value for power control usage, MCS[n] is the actual MCS of this AMS in frame n, and a denotes the forgetting factor, 0<= a <= 1.
Simulation Results
Simulation assumptions are defined in Table 1.

Table 1
	Parameter
	Value
	Note

	System bandwidth
	10MHz
	

	Number of Users per sector
	10
	

	Scheduling algorithm
	PF
	

	PC Period
	500.0 ms
	

	TTI
	1 subframe
	

	Slow fading, std. dev
	8.0 dB
	Slow fading is updated every 100 ms. Correlated distance is 50m.

	Use fast AMC
	Yes
	MCS is selected every TTI

	ISD
	500m
	

	Penetration loss
	20dB
	

	UE speed
	3 km/h
	

	UE Max power
	25 dBm
	

	UE Min power
	-15dBm
	


Figure 2 shows the average throughput gain without sacrificing the coverage performance.  For fair comparison, mobile terminal has similar Tx power level in both cases, see Figure 1.
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Figure 1 CDF of UE tx power

[image: image9.emf]0 500 1000 1500 2000 2500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

goodputs(in kbps)

CDF

UE HARQ throughput, one sample per UE

 

 

ICPC,mean = 1121

Fractional PC,mean = 924.4


Figure 2 Throughput
Power control Proposed Text for Amendment
---------------------------------------------------------Start of the Text---------------------------------------------------------

[Add the following into the TGm Amendment Document]

15.3.x Power Control

Power control algorithm shall be supported for the UL channel with both initial calibration and periodic adjustment procedure without loss of data. Power control is based on each AMS rather than each flow. The ABS should be capable of providing accurate power measurements of the received burst signal. This value can then be compared against a reference level, and the resulting error can be feedback to the AMS through RNG_RSP message. The exact algorithm implementation is vendor-specific. 
If the sub-carrier TX power specified by power control mechanisms makes the total transmit power for a given transmission exceed the maximum transmit power for the specified MCS, the transmit power shall be limited to the maximum allowed value of AMS capacity. 
An AMS shall maintain the same transmit power density regardless of the number of subchannels assigned, unless the maximum power level is reached. In other words, when the number of active subchannels allocated to a user is reduced, the total transmit power shall be reduced proportionally by the AMS, without additional power control messages. When the number of subchannels is increased, the total transmit power shall also be increased proportionally. If without changing the power density, the total transmit power exceeds maximum power, AMS should decrease transmit power density of data sub-carrier proportionally. Transmit power density of UL control channel should remain same unless the transmit power of data burst is already zero but total power still exceeds maximum power. 
15.3.x.1 Power Control for Initial Ranging
For initial ranging, AMS sends initial ranging code at a random selected ranging channel. The initial transmission power is decided according to measured RSS. If AMS does not receive a response, AMS may send a new initial ranging code and increase its power level by 
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. AMS could further increase the power until maximum transmit power reached.  The maximum transmit power for initial ranging is decided as:
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Where 
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 are obtained from ABS through decoding S-SFH IE SP3, see table. 1. 
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 is the targeting receving power for initial ranging code. 

BS_EIRP is the transmission power of BS.
In the case that the Rx and Tx gain of the AMS antenna are different, the AMS shall use Equation:
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Where 
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 is the antenna gain of AMS RX.
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RSS is the measured receiving signaling strength by AMS. 
For the periodic ranging, once AMS sends periodic ranging code and fails to receive RNG-RSP, AMS may adjust its Tx power for the subsequent periodic ranging codes transmission up step by step to 
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Table. 1 S-SFH IE SP3:
	Channel
	Contents
	Size (bits)

	S-SFH Sub-packet 3
	Initial ranging channel information (initial ranging region location
	TBD
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15.3.x.2 Open loop Power Control 
AMS Transmit Power Spectrum Density(PSD) is decided by:
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Where
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  is the transmit power density;  
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 is the thermal noise power; 
NRT is the target noise rise level designated by BS. 
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 is the sum of path gain (including antenna gain and shadow fading) to all other sectors.

Note that all these values are in dB.

The estimation of g is according to the sum power of receiving DL preamble from all other sectors. 
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where g is the sum path gain, P is the total received power (measured on received preamble), 
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 is the noise power density, BS_EIRP is the transmitting power of BS obtained from S-SFH, and PG is the path gain from AMS to serving BS. 

Optionally, NRT values broadcast by BS could be a vector to improve the performance. In that case, NRT value are related to MCS. 

Then AMS should use the NRT for power control self update using the following equation:
NRT=a*NRT+(1-a)NRT[MCS[n]]
where MCS[n] is the actual MCS index of this AMS in frame n, and a denotes the forgetting factor, 0<= a <= 1. The value of a is TBD.
If load information of adjacent sector is known (e.g. load factor is broadcast to facilitate the HO or other purpose), AMS may take the load factor into account using the following revised equation: 

The estimation of g is according to the sum power of receiving DL preamble from all adjacent sectors. 
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, 
where g is the sum path gain, P is the total received power (measured on received preamble), 
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 is the noise power density, BS_EIRP is the transmitting power of BS, and 
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 is the path gain from AMS to serving BS. 
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 is the load factor (known by AMS) of sector n, 
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 is the path gain between MS and sector n, estimated by AMS itself. 

This revised equation increase AMS Tx power if neighbor sector is not in full load, however, considering complexity, AMS may decide not to use this equation even if the load factor is known. 
15.3.x.3 Closed-loop Power Control

ABS shall send a PMC_RSP_messgae, see table 2.  . AMS may request to enter CLPC mode using PMC_REQ message, see table 3. While in CLPC mode, ABS should send PC command or compact PC command to AMS periodically. PC command are defined in 15.3.6.5.2.4   If no PC command is received after a given duration, assigned by PMC_RSP_message, AMS will consider the connection with ABS interrupt and switch back to OLPC mode automatically. Upon receiving PC command, AMS shall follow the command to adjust its pilot PSD. And the data sub-carrier PSD is decided by the data to pilot ratio of corresponding MCS
15.3.x.4 Messages related to Power control

Table.2 PMC_RSP message

	Syntax
	Size (bit)
	Notes

	PMC_RSP message {
	
	

	Type
	8
	

	Power mode
	1
	0:OLPC

1:CLPC

	If (Power mode=0){
	
	

	NRT
	TBD
	Noise Raise Target

	Load factor of adjcent
	TBD
	Load factor information of adjacent cell/sectors

	} else if (Power mode=1){
	
	

	Duration of no PC
	
	The duration that no PC command is tolerated

	}
	
	

	}
	
	


Table.3 PMC_REQ message
	Syntax
	Size (bit)
	Notes

	PMC_REQ message {
	
	

	Type
	8
	

	Power mode
	1
	0:OLPC
1:CLPC

	Reserved
	7
	

	}
	
	


-----------------------------------------------------------End of the Text---------------------------------------------
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