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Proposed Text on Power Control Section for the IEEE 802.16m Amendment
Dongcheol Kim, Wookbong Lee, Jin Sam Kwak, Yeong-Hyeon Kwon,

Sungho Moon, Jong Young Han, HanGyu Cho

LG Electronics
1. Introduction
This contribution includes the proposed text on the power control section for the IEEE 802.16m Amendment. The technical text is inherited from the 802.16m SRD [1], the IEEE 802.16m SDD [2], and the IEEE P802.16 Rev2/D9 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4].
2. Proposed Open-Loop Power Control (OLPC) 

2.1 Proposed OLPC formula
The main concept of the OLPC proposed here is to set MS Tx power such that it meets the target SINR given by the serving BS. In order to capture new features adopted in 16m, the proposed OLPC has the following two features: (1) It controls the uplink transmit power according to the number of streams to support the uplink collaborative spatial multiplexing (CSM). (2) It controls the interference to other cells/sectors efficiently combined with fractional frequency reuse (FFR) scheme which is well defined in the current SDD [2].

Power control equation of OLPC is proposed as equation (X-0) below. The transmit power level per stream for all uplink physical channel transmission is set by:
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: Path loss estimation at an AMS for the serving cell.
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: Path loss estimation at an AMS for the strongest interfering cell.
· NI : Estimated average power level (dBm) of noise and interference per a subcarrier at the serving cell. NI level for each frequency partition is broadcasted through the S-SFH.
· 
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: The SINR target is for transmitting the data or control channel. In case of transmitting data channel, the target SINR is set as in Table 4. In case of transmitting the control channel, target SINR is set as in Table 1.
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[image: image8.wmf]perAMS

Offset

: The correction term for AMS-specific power offset. It is controlled by ABS with power control messages through UL A-MAP for mode change between OLPC and CLPC.
· 
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Offset

: Transmit power level adjustment controlled by an AMS. 

· 
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MT

: The number of streams indicated by UL A-MAP IE. In case of SU-MIMO, this value shall be set to Mt where Mt is the number of streams per user. In case of CSM, this value shall be set to Mt_A where Mt_A is the aggregated number of streams. In case of control channel transmission, this value shall be set to one.
· 
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: The target IoT level to other sector(s), which is broadcasted by ABS through the S-SFH and is different for each frequency partition. More details on target IoT for each frequency partition is referred to section [TBD; 20.1 in SDD] and 15.3.6.
Table 1 SINR target for control channel

	Uplink Control Channel
	SINR_Target

	P-FFCH
	[TBD]

	S-FFCH
	[TBD]

	HARQ Channel
	[TBD]

	Sounding Channel
	[TBD]

	…
	…


2.2 Consideration on the number of multiplexed streams (
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The legacy power control mechanism has been based on the single user transmission per allocated resource units. In order to extend the UL PC operation into the multi-user support, it is required to control the transmission power such that the interference level is maintained to the level of single user transmission when using multi-user transmission. Table 2 compares three cases - SIMO, CSM with and without consideration on the number of streams – in terms of system throughput, cell edge-user throughput, and IoT level.

In case of CSM, it is assumed that there are two users, each with one stream. For the CSM case without consideration on the number of streams, both system throughput and the cell edge-user throughput are significantly decreased due to the increasing IoT level. When considering the number of streams in power control, multi-user MIMO gain can be efficiently obtained by keeping the IoT value at the level of SIMO case. 

Table 2 Throughput/IoT Level comparison between SU-MIMO and MU-MIMO
	
	SIMO
	CSM without consideration on the number of streams
	CSM with consideration on the number of streams

	System throughput
(spectral efficiency)
	2.5752 Mbps

(0.70 bps/Hz)
	2.24 Mbps

(0.602 bps/Hz)
	2.9231 Mbps

(0.79 bps/Hz)

	5%-tile user throughput
(spectral efficiency)
	57.79 kbps

(0.0156 bps/Hz)
	51.71 kbps

(0.0140 bps/Hz)
	64.43kbps

(0.0174 bps/Hz)

	IoT level
	Mean
	5.959
	6.3417
	5.9195

	
	Std.
	0.6836
	0.7505
	0.5401


2.3 Consideration on target IoT to other cells 
According to (X-0), proposed power control performs power adjustment considering target IoT such that transmit power does not exceeds the power level meeting the target IoT to other cells. 

Table 3 compares power control schemes with and without power adjustment considering target IoT. When using the proposed power adjustment considering target IoT, both average user throughput and cell edge-user throughput gain are obtained.

Table 3 Throughput comparison w/ and w/o power adjustment considering target IoT
	
	Without power adjustment
	With power adjustment considering target IoT

	Average user throughput

(spectral efficiency)
	311.40kbps

(0.830 bps/Hz)
	324.85kbps (4.3 %↑)

(0.866 bps/Hz)

	5% tile user throughput

(spectral efficiency)
	46.84 kbps

(0.012 bps/Hz)
	73.58 kbps (57 %↑)

(0.020 bps/Hz)


3. Proposed Closed-Loop Power Control (CLPC) 

The transmit power level per stream for all uplink physical channels is set by: 
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 : Transmit power level per stream at an AMS.

· 
[image: image15.wmf]last

P

: The latest transmitted maximum power level among different uplink physical channels transmitted concurrently.

· 
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: The difference of the desired SINRs between the previous and new MCS levels for a uplink physical channel. Desired SINR for control channel is specified in Table 1. Desired SINR for each MCS level is specified in Table 4.
· 
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: Power difference sent by the corresponding ABS through PC A-MAP. 
· 
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MT

: The number of streams indicated by UL A-MAP IE. In case of SU-MIMO, this value shall be set to Mt where Mt is the number of streams per user. In case of CSM, this value shall be set to Mt_A where Mt_A is the aggregated number of streams.  In case of control channel transmission, this value shall be set to one.
Table 4 Desired SINR level for MCS level

	MCS level
	SINR_Target

	0
	[TBD]

	1
	[TBD]

	2
	[TBD]

	3
	[TBD]

	…
	…
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5. Text proposal for the 802.16m amendment
============================== Start of Proposed Text =================================

XX.10 Power Control

xx.10.1 Downlink Power Control
The ABS shall be capable of controlling the transmit power per subframe and per user. With downlink power control, each user-specific information or control information would be received by the AMS with the controlled power level.
The per pilot tone power and the per data tone power can jointly be adjusted for adaptive downlink power control. In the case of dedicated pilots this is done on a per user basis and in the case of common pilots this is done jointly for the users sharing the pilots. 

xx.10.2. Uplink Power Control
Uplink power control is performed to compensate the path loss, shadowing, fast fading and implementation loss.

Uplink power control is also used to control inter-cell and intra-cell interference level. Uplink power control consists of two different modes: open-loop power control (OLPC) and closed-loop power control (CLPC). ABS transmits necessary information through S-SFH for noise and interference level, and target IoT or PC A-MAP for CLPC to AMSs to support uplink power control. The parameters of power control algorithm are optimized on system-wide basis by the ABS, and broadcasted periodically or triggered by events. Uplink power control for calculating the power of a stream considers the number of streams multiplexed in the same allocated resource.
XX.10.2.1 Open-loop power control (OLPC)

The OLPC compensates the long term channel variations such as shadowing and pathloss, and implementation loss. The AMS shall determine the transmit power based on the transmission parameters sent by the ABS.
The transmit power level per stream for all uplink physical channel transmission is set by:
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: Path loss estimation at an AMS for the serving cell.

· 
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: Path loss estimation at an AMS for the strongest interfering cell.
· NI : Estimated average power level (dBm) of noise and interference per a subcarrier at the serving cell. NI level for each frequency partition is broadcasted through the S-SFH.

· 
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: The SINR target is for transmitting the data or control channel. In case of transmitting data channel, the target SINR is set as in Table Y. In case of transmitting the control channel, target SINR is set as in Table X.
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[image: image26.wmf]perAMS

Offset

: The correction term for AMS-specific power offset. It is controlled by ABS with power control messages through UL A-MAP for mode change between OLPC and CLPC.
· 
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Offset

: Transmit power level adjustment controlled by an AMS. 

· 
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MT

: The number of streams indicated by UL A-MAP IE. In case of SU-MIMO, this value shall be set to Mt where Mt is the number of streams per user. In case of CSM, this value shall be set to Mt_A where Mt_A is the aggregated number of streams. In case of control channel transmission, this value shall be set to one.

· 
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: The target IoT level to other sector(s), which is broadcasted by ABS through the S-SFH and is different for each frequency partition. More details on target IoT for each frequency partition is referred to section [TBD; 20.1 in SDD] and 15.3.6.
Table X SINR target for control channel

	Uplink Control Channel
	SINR_Target

	P-FFCH
	[TBD]

	S-FFCH
	[TBD]

	HARQ Channel
	[TBD]

	Sounding Channel
	[TBD]

	…
	…


XX.10.2.2 Closed-loop power control (CLPC)

The CLPC compensates channel variation by adjusting AMS transmit power through PC A-MAP from ABS. 
To maintain at the ABS a power density consistent with the modulation and FEC rate used by each AMS, the ABS changes the AMS TX power, through PC A-MAP, as well as the AMS-assigned modulation and FEC rate.
The transmit power level per stream for all uplink physical channels is set by: 
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 : Transmit power level per stream at an AMS.
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: The latest transmitted maximum power level among different uplink physical channels transmitted concurrently.

· 
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: The difference of the desired SINRs between the previous and new MCS levels for a uplink physical channel. Desired SINR for control channel is specified in Table X. Desired SINR for each MCS level is specified in Table Y.
· 
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: Power difference sent by the corresponding ABS through PC A-MAP. 
· 
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MT

: The number of streams indicated by UL A-MAP IE. In case of SU-MIMO, this value shall be set to Mt where Mt is the number of streams per user. In case of CSM, this value shall be set to Mt_A where Mt_A is the aggregated number of streams. In case of control channel transmission, this value shall be set to one.
Table Y Desired SINR level for MCS level

	MCS level
	SINR_Target

	0
	[TBD]

	1
	[TBD]

	2
	[TBD]

	3
	[TBD]

	…
	…


============================== End of Proposed Text =================================
ANNEX: Simulation Assumptions
Table 5. Simulation Assumptions for Table 1 (1/2)
	Topic
	Baseline System Assumptions

	Basic modulation
	QPSK, 16QAM

	Duplexing scheme
	TDD

	Subchannelization
	PUSC

	Resource Allocation

Granularity
	PUSC: 1 slot (1 slot = 1 subchannel x 3 OFDMA symbols)

	Downlink pilot structure
	Specific to subchannelization scheme PUSC

	Multi-antenna Transmission format
	SIMO (1x2), CSM 

	Receiver Structure
	MRC for SIMO, MMSE for CSM

	Data Channel coding
	Convolutional Turbo Coding (CTC)

	Control Channel Coding
	CDMA Codes (PUSC 2 symbols) for Initial Ranging and Handover, CDMA Codes (PUSC 1 symbol) for Periodic Ranging and Bandwidth Request, CQICH (6 bits)

	Scheduling
	Proportional Fairness for full buffer data only

	Link adaptation
	QPSK(1/2) with repetition 1/2/4/6, QPSK(3/4), 16QAM(1/2), 16QAM(3/4)

	Link to System Mapping
	MMIB 

	H-ARQ
	Chase Combining Synchronous, Nonadaptive, 1 frame ACK/NACK delay, Maximum 4 HARQ Retransmissions, initial target PER of 20%

	Power Control
	Simulation scenario specific

	Interference Model
	Frequency selective interference model for PUSC/AMC, no interference awareness at receiver

	Frequency Reuse
	3 Sectors with Frequency Reuse of 1 

	Control signaling
	Initial Ranging, Periodic Ranging, Handover Ranging, Bandwidth Request, Fast Feedback/CQI Channel, Sounding


Table 6. System-level Simulation Assumptions for Table 1 (2/2)
	Scenario/ Parameters
	Baseline
Configuration
(Calibration & SRD)
	Urban Macrocell

	Requirement
	Mandatory
	Mandatory

	Site-to-Site distance
	1.5 km
	0.5 km

1.5 km

	Carrier Frequency
	2.5 GHz
	2.5 GHz

	Operating Bandwidth
	10 MHz for TDD
	10 MHz for TDD 

	BS Height
	32 m
	32 m

	MS Tx Power
	23 dBm
	23 dBm

	MS Height
	1.5 m
	1.5 m

	Penetration Loss
	10 dB
	10 dB

	Path Loss Model
	Loss (dB) = 130.62+37.6log10(R)
(R in km)
	Loss (dB) = 35.2+35log10(R)+ 26log10(f[GHz]/2) 
(R in m)

	Lognormal Shadowing Standard Deviation
	8 dB
	8 dB

	Correlation distance for shadowing
	50m
	TBD [50m]

	Mobility
	0-120 km/hr
	0-120 kmph

	Channel Mix
	ITU Ped B  *        
3 km/hr – 60%
ITU Veh A   30 km/hr – 30%
ITU Veh A  120 km/hr – 10%
	Mix or specific

	Spatial Channel Model
	ITU with spatial correlation
a) Uncorrelated
b)  Correlated
(BS Correlation Coefficient = 0.5)
	[Correlation based implementation 3.2.7]


Table 7. Simulation Assumptions for Table 2
	Parameters
	Baseline Configuration

	Site-to-Site Distance
	1.5km

	Carrier Frequency
	2.5GHz

	Operating Bandwidth
	10MHz for TDD

	BS Height
	32m

	MS MAX Tx Power
	23dBm

	MS Height
	1.5m

	Penetration Loss
	10dB

	Pathloss model
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	Lognormal Shadowing Standard Deviation
	8dB

	Correlation Distance for Shadowing
	50m

	Channel Type
	ITU Ped B

	Mobility
	3km/hr

	Spatial Channel Model
	ITU with spatial correlation

	Basic Modulation
	QPSK, 16QAM

	Duplexing Scheme
	TDD

	Subchannelization
	CRU Allocation

	Multi-antenna Transmission Format
	1x2 SIMO

	Receiver Structure
	MMSE

	Data Channel Coding
	Convolutional Turbo Coding (CTC)

	Scheduling
	PF for full buffer data only

10 active users / sector

Fixed control overhead of 3 symbols, 15 symbols for data, 4 partitions of 48 sub-channels

	Link Adaptation
	7 levels, QPSK(1/2) with repetition 1/2/3/4, QPSK(3/4), 16QAM(1/2), 16QAM(3/4)

	Link to System Mapping
	MMIB

	HARQ
	Adaptive HARQ, Maximum 4 retransmissions, retransmission duration 3 frames

	Interference Model
	Average interference on used band

	Frequency Reuse Factor(FRF)
	3 sectors with FRF=1, FRF 1/3 for FFR operation

	Users dropped
	Uniformly in entire cell
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