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IEEE 802.16m Amendment Text Proposal for Uplink Open-Loop Power Control Signaling
Rongzhen Yang, Apostolos Papathanassiou, 

Wei Guan, Ali T. Koc, Hujun Yin, Yang-seok Choi
Intel Corporation
Huiying Fang, Zhaohua Lu
ZTE

1. Introduction
The contribution proposes text for the signaling of uplink OLPC section to be included in the 802.16m amendment ([1]). 
2. Discussion
At power control contribution C80216m-09/844, below power control equation is proposed as IEEE 802.16m OLPC text:
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Equation 1.
Where
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 is the target uplink SINR received by the ABS. The mode used to calculate this value is signaled through a power control message.
P is the TX power level (dBm) per subcarrier and per transmission antenna for the current transmission.

L is the estimated average current UL propagation loss. It shall include AMS’s Tx antenna gain and path loss.
NI is the estimated average power level (dBm) of the noise and interference per subcarrier at the ABS, not including ABS’s Rx antenna gain.
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 is a correction term for AMS-specific power offset. It is controlled by the AMS. Its initial value is zero.
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 is a correction term for AMS-specific power offset. It is controlled by the ABS through power control messages. 
The estimated average current UL propagation loss, L, shall be calculated based on the total power received on the active subcarriers of the frame preamble.
When the user connects to network, it can negotiate the parameters for the calculation of 
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Equation 1
Where

C⁄N is the normalized C/N of the modulation/FEC rate for the current transmission, as appearing in Table 1.
R is the number of repetitions for the modulation/FEC rate
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 is the target SINR value for IoT control and tradeoff between overall system throughput and cell edge performance, decided by the control parameter 
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 and SINRMIN:
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Where

SINRMIN is the SINR requirement for the minimum rate expected by ABS which is set by a unicast power control message. 
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 has 4 bits to represent the value in dB among {-3, -2.5, -2, -1.5, -1, 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5} (TBD)
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 is the fairness and IoT target control factor, broadcast by the ABS. It has 4 bits to represent the value among {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5}

Nr is the number of receive antennas at the ABS

SIRDL the ratio of the downlink signal vs. interference power, measured by the AMS.

In this contribution, we will discuss the related signaling for the proposed 16m OLPC scheme.
A. NI information Broadcast
For open loop power control mode 1 and mode 2, UL interference and noise shall be broadcast to MSs in the given ABS coverage by ABS. In the legacy system, those information were broadcasted in DL-MAP Extended IE (Extended DIUC = 0xF). Here we follow the same design style, and the NI information will be broadcasted in AMAP Extended IE.
	Syntax
	Size (bit)
	Notes

	UL_Interference_and_Noise Level_IE() {
	-
	-

	
Extended A-MAP IE Type
	4
	0xF is preferred as legacy value

	
Length
	4
	Bytes

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region NI field.
2nd LSB indicates the existence of an ACK Region NI field.

3rd LSB indicates the existence of a Periodic Ranging Region NI field.

4th LSB indicates the existence of a sounding Region NI field.



	
For (i=0; i < FPCT; i++){
	
	

	

FPi NI
	8
	Estimated average power level (dBm) per a subcarrier in the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	}
	
	


B. Gamma Value Broadcast
For the open-loop power control, Gamma value shall be broadcasted to AMSs in the given ABS coverage by ABS. The broadcast information format is listed in Table 3, all the Gamma values are quantized in terms of 4 bits to represent the values among {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5}.
Gamma value in one sector is used to control the overall interference to other sectors and thus the tradeoff between sector SE and celledge SE. This value should not be changed very frequently. So it is designed as broadcast MAC message:
	Syntax
	Size (bit)
	Notes

	UL_Gamma_Message_format() {
	-
	-

	
Message Type
	8
	

	
Length
	4
	Bytes

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region Gamma field. Otherwise, the gamma value for this field is 0.

2nd LSB indicates the existence of an ACK Region Gamma field. Otherwise, the gamma value for this field is 0.

3rd LSB indicates the existence of a Periodic Ranging Region Gamma field. Otherwise, the gamma value for this field is 0.

4th LSB indicates the existence of a sounding Region Gamma field. Otherwise, the gamma value for this field is 0.

(others: TBD)

	
For (i=0; i < FPCT; i++){
	
	

	

FPi Gamma
	4
	Gamma value for the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region Gamma
	4
	Gamma value for the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region Gamma
	4
	Gamma value for the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region Gamma
	4
	Gamma value for the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region Gamma
	4
	Gamma value for the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	}
	
	


C. Power control Mode Change Message
For AMS power control mode selection, PMC_RSP is sent from ABS as a confirmation of AMS’s UL power control changes intention with PMC_REQ message or it is sent unsolicited manner to command AMS to change the UL power control mode as indicated in the PMC_RSP. The AMS should switch to the new power control mode as instructed by the ABS through PMC_RSP. 

Because NI information is broadcasted with the period set by ABS (in general, 20 frames or longer period can be used), and Gamma values are broadcasted by MAC message only when the values need to be changed (in general, in the seconds or even minutes just for AMS distribution change). It is important for the AMS to get the information for OLPC mode 1 and 2. One field “Parameter_Reset_Flag” is used to indicate the PMC_RSP message that includes all nonce information.

	Syntax
	Size (bit)
	Notes

	PMC_RSP_Message_format() {
	-
	-

	
Message type
	8
	

	
Power Control mode change
	4
	0b0000: Closed-Loop Power Control Mode
0b0001: OLPC Mode 1
0b0010~0b1000: Reserved (TBD)
0b1001: OLPC Mode 2, Passive Mode with Offset_AMSperAMS retention
0b1010: OLPC Mode 2, passive mode with Offset_AMSperAMS reset
0b1011: OLPC Mode 2, active mode 
0b1100~0b1111: Reserved (TBD)

	Start Frame Offset
	4
	The frame number when the indicated power control mode is activated. Calculation starts from the frame of the received message

	
Parameter_Reset_Flag
	1
	The power control parameters reset flag, 
0: no parameter reset
1: parameter reset

	
Length
	7
	

	if (Parameter_Reset_Flag) {
	
	

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region NI/Gamma field.

2nd LSB indicates the existence of an ACK Region NI/Gamma field.

3rd LSB indicates the existence of a Periodic Ranging Region NI/Gamma field.

4th LSB indicates the existence of a sounding Region NI/Gamma field.



	
For (i=0; i < FPCT; i++){
	
	

	

FPi NI
	8
	Estimated average power level (dBm) per a subcarrier in the i-th frequency partition, FPi

	

FPi Gamma
	4
	Gamma value for the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the CQI Region

	

CQI Region Gamma
	4
	Gamma value for the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the ACK Region

	

ACK Region Gamma
	4
	Gamma value for the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the Periodic Ranging Region

	

Periodic Ranging Region Gamma
	4
	Gamma value for the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the sounding Region.

	

sounding Region Gamma
	4
	Gamma value for the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	
Nr
	4
	The number of received antenna at ABS

	
SINRMIN
	4
	The SINR requirement for the minimum data rate expected by ABS, is set by the unicast power control message. 
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 has 4 bits to represent the dB value among {-3, -2.5, -2, -1.5, -1, 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5}

	   }
	
	

	}
	
	


And related PMC_REQ message is designed as:
	Syntax
	Size (bit)
	Notes

	PMC_REQ_Message_format() {
	-
	-

	
Message type
	8
	

	
Power Control mode change
	4
	0b0000: Closed-Loop Power Control Mode
0b0001: OLPC Mode 1
0b0010~0b1000: Reserved (TBD)
0b1001: OLPC Mode 2, Passive Mode with Offset_AMSperAMS retention
0b1010: OLPC Mode 2, passive mode with Offset_AMSperAMS reset
0b1011: OLPC Mode 2, active mode 
0b1100~0b1111: Reserved (TBD)

	UL Tx Power
	8
	UL Tx power level reporting (TBD. 

	
Parameter_Reset_Request
	1
	The power control parameters reset request, 
0: no request for parameter reset
1: request for parameter reset

	
Confirmation
	1
	0: Request

1: Confirmation

	
Reserved
	2
	Shall be set to zero

	}
	
	


3. References
[1] IEEE 802.16m-09/0010r1a, “802.16m Amendment Working Document (AWD)”

[2] IEEE 802.16m-08/003r8, “IEEE 802.16m System Description Document”
[3] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
4. Text proposal for inclusion in the 802.16m AWD
------------------------------- Text Start ---------------------------------------------------
15.x.y
Necessary signalings
15.x.y.1
Signaling for OLPC
15.x.y.1.1 NI information Broadcast
For the open-loop power control, UL interference and noise level shall be broadcasted to AMSs in the given ABS coverage by ABS. The broadcast message format is listed in Table X1, all the UL interference and noise level are quantized in terms of 0.5 dBm steps ranging from -150 dBm (encoded 0x00) to -22.5 dBm (encoded 0xFF).

Table X1 - UL Interference and Noise IE
	Syntax
	Size (bit)
	Notes

	UL_Interference_and_Noise Level_IE() {
	-
	-

	
Extended A-MAP IE Type
	4
	0xF is preferred as legacy value

	
Length
	4
	Bytes

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region NI field.

2nd LSB indicates the existence of an ACK Region NI field.

3rd LSB indicates the existence of a Periodic Ranging Region NI field.

4th LSB indicates the existence of a sounding Region NI field.



	
For (i=0; i < FPCT; i++){
	
	

	

FPi NI
	8
	Estimated average power level (dBm) per a subcarrier in the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	}
	
	


The UL interference and noise level that is indicated in the latest message shall be used if necessary. The MS that supports open loop power control shall decode the UL interference and noise level message and save the values for future use even if it is in closed loop power control mode.
15.x.y.1.2 Gamma Value Broadcast
For the open-loop power control, Gamma value shall be broadcasted to AMSs in the given ABS coverage by ABS. The broadcast information format listed in Table X2, all the Gamma values are quantized in terms of 4 bits to represent the values among {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5}.
Table X2 - UL OLPC Control Parameter Gamma Message
	Syntax
	Size (bit)
	Notes

	UL_Gamma_Message_format() {
	-
	-

	
Message Type
	8
	

	
Length
	4
	Bytes

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region Gamma field. Otherwise, the gamma value for this field is 0.

2nd LSB indicates the existence of an ACK Region Gamma field. Otherwise, the gamma value for this field is 0.

3rd LSB indicates the existence of a Periodic Ranging Region Gamma field. Otherwise, the gamma value for this field is 0.

4th LSB indicates the existence of a sounding Region Gamma field. Otherwise, the gamma value for this field is 0.

(others: TBD)

	
For (i=0; i < FPCT; i++){
	
	

	

FPi Gamma
	4
	Gamma value for the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region Gamma
	4
	Gamma value for the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region Gamma
	4
	Gamma value for the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region Gamma
	4
	Gamma value for the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region Gamma
	4
	Gamma value for the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	}
	
	


Table X2 specifies the fields of UL OLPC control parameter Gamma value. The AMS that supports open loop power control shall decode UL_Gamma_Message and save the Gamma values for future use even if it is in closed loop power control mode. The ABS will broadcast the message when the Gamma value has been changed. The AMS will get the initial Gamma value list for each frequency partition from the first PMC_RSP message from ABS.
15.x.y.2
signalings for initial ranging power control
15.x.y.3
signaling for sounding channel power control


15.2.4.x
AAI Power Control mode RSP/REQ

For AMS power control mode selection, PMC_RSP is sent from ABS as a confirmation of AMS’s UL power control changes intention with PMC_REQ message or it is sent unsolicited manner to command AMS to change the UL power control mode as indicated in the PMC_RSP. The AMS should switch to the new power control mode as instructed by the ABS through PMC_RSP. 

Table X3 – PMC_RSP Message
	Syntax
	Size (bit)
	Notes

	PMC_RSP_Message_format() {
	-
	-

	
Message type
	8
	

	
Power Control mode change
	4
	0b0000: Closed-Loop Power Control Mode
0b0001: OLPC Mode 1
0b0010~0b1000: Reserved (TBD)
0b1001: OLPC Mode 2, Passive Mode with Offset_AMSperAMS retention
0b1010: OLPC Mode 2, passive mode with Offset_AMSperAMS reset
0b1011: OLPC Mode 2, active mode 
0b1100~0b1111: Reserved (TBD)

	Start Frame Offset
	4
	The frame number when the indicated power control mode is activated. Calculation starts from the frame of the received message

	
Parameter_Reset_Flag
	1
	The power control parameters reset flag, 
0: no parameters reset
1: parameters reset

	
Length
	7
	

	if (Parameter_Reset_Flag) {
	
	

	
Bitmap
	8
	(TBD: )

LSB indicates the existence of a CQI Region NI/Gamma field.

2nd LSB indicates the existence of an ACK Region NI/Gamma field.

3rd LSB indicates the existence of a Periodic Ranging Region NI/Gamma field.

4th LSB indicates the existence of a sounding Region NI/Gamma field.



	
For (i=0; i < FPCT; i++){
	
	

	

FPi NI
	8
	Estimated average power level (dBm) per a subcarrier in the i-th frequency partition, FPi

	

FPi Gamma
	4
	Gamma value for the i-th frequency partition, FPi

	
}
	
	

	
if (LSB of Bitmap = 1) {
	
	

	

CQI Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the CQI Region

	

CQI Region Gamma
	4
	Gamma value for the CQI Region

	
}
	
	

	
if (2nd LSB of Bitmap = 1) {
	
	

	

ACK Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the ACK Region

	

ACK Region Gamma
	4
	Gamma value for the ACK Region

	
}
	
	

	
if (3rd LSB of Bitmap = 1) {
	
	

	

Periodic Ranging Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the Periodic Ranging Region

	

Periodic Ranging Region Gamma
	4
	Gamma value for the Periodic Ranging Region

	
}
	
	

	
if (4th LSB of Bitmap = 1) {
	
	

	

sounding Region NI
	8
	Estimated average power level (dBm) per a subcarrier in the sounding Region.

	

sounding Region Gamma
	4
	Gamma value for the sounding Region.

	
}
	
	

	
(Other fields, TBD)
	
	

	
Nr
	4
	The number of received antenna at ABS

	
SINRMIN
	4
	The SINR requirement for the minimum data rate expected by ABS, is set by the unicast power control message. 
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 has 4 bits to represent the dB value among {-3, -2.5, -2, -1.5, -1, 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5}

	   }
	
	

	}
	
	


And related PMC_REQ message is listed as:

Table X3 – PMC_REQ Message
	Syntax
	Size (bit)
	Notes

	PMC_REQ_Message_format() {
	-
	-

	
Message type
	8
	

	
Power Control mode change
	4
	0b0000: Closed-Loop Power Control Mode
0b0001: OLPC Mode 1
0b0010~0b1000: Reserved (TBD)
0b1001: OLPC Mode 2, Passive Mode with Offset_AMSperAMS retention
0b1010: OLPC Mode 2, passive mode with Offset_AMSperAMS reset
0b1011: OLPC Mode 2, active mode 
0b1100~0b1111: Reserved (TBD)

	UL Tx Power
	8
	UL Tx power level reporting (TBD. 

	
Parameter_Reset_Request
	1
	The power control parameters reset request, 
0: no request for parameter reset
1: request for parameter reset

	
Confirmation
	1
	0: Request

1: Confirmation

	
Reserved
	2
	Shall be set to zero

	}
	
	


------------------------------- Text End ---------------------------------------------------
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