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Proposed Cleanup Text for DL FFR related sections for the IEEE 802.16m/D4 (16.2.3.19)
Wookbong Lee
LG Electronics
Jeongho Park

Samsung Electronics
I. Introduction 
This contribution proposes some cleanup text for DL FFR section 16.2.20.1 or FFR related sections of P802.16m/D4 [1]. 
There are several methods to obtain DL FFR measurement information such as AAI_FFR-CMD/AAI_FFR-REP, EDI through PFBCH, FPI/Long term FPI and Long-Short FPI Switching Flag.

And some texts are not clear. 

In this contribution, we propose;
· Making all of options as an optional feature.
· Modification on “n-th FP” which is not clearly defined in AAI_FFR-REP message.
· FFR section need to be clean up.

References
[1] Draft Amendment, P802.16m/D4, Feb. 2010.
Remedy #1:page 99,  modify AAI_FFR-CMD (FFR Command) Message as follows;

-------------------------------------------------Text Change #1 Start -----------------------------------------------------
16.2.3.19 AAI_FFR-CMD (FFR Command) Message

An AAI_FFR-CMD message may shall be transmitted by the ABS to instruct the AMS to perform measurement over specific frequency partition(s). 
Table 699 lists the parameters to be included into the AAI_FFR-CMD message:

Table 699—AAI_FFR-CMD message format
	M/O
	Attributes / Array of attributes
	Size (bits)
	Value / Note 
	Conditions

	M
	Control Message Type
	8
	Type of AAI-FFR-CMD
	NA

	M
	frequencyPartitionBitMap
	4
	Each bit indicates the interference statistics report status of corresponding Frequency Partition.

0b0: no report interference statistics

0b1: report interference statistics

FPCT: the number of Frequency Partitions defined in Table 786 to Table 788

Frequency Partition Bitmap shall contain at least one bit with value “1”. The LSB indicates the lowest available FP and the MSB indicates the highest available FP where the size of an available FP is bigger than zero.
	NA

	M
	reportType
	4
	Each bit indicates if one type of report is required to be sent by AMS. If one bit has value ‘1’, it indicates the specific report type is required to be sent, otherwise it indicates the specific report type is not required to be sent. At least 1 bit needs to be set to value ‘1’.

LSB#0: Interference-Mean

LSB#1: Interference-Variance

LSB#2: SINR-Mean

LSB#3: SINR-Variance
	

	M
	frameOffset
	8
	The offset (in units of frames) from the current frame in which AAI_FFR-REP message shall be transmitted on the unsolicited UL resource.
	


	Syntax
	Size (bits)
	Notes

	AAI_FFR-CMD_Message_format(){
	
	

	Control Message Type
	8
	

	Frequency Partition Bitmap
	FPCT
	Each bit indicates the interference statistics report status of corresponding Frequency Partition.

0b0: no report interference statistics

0b1: report interference statistics

FPCT: the number of Frequency Partitions defined in Table 777 to Table 781

Frequency Partition Bitmap shall contain at least one bit with value “1”. The LSB indicates the lowest available FP and the MSB indicates the highest available FP where the size of an available FP is bigger than zero.

	Reporting Type
	4
	Each bit indicates if one type of report is required to be sent by AMS. If one bit has value ‘1’, it indicates the specific report type is required to be sent, otherwise it indicates the specific report type is not required to be sent. At least 1 bit needs to be set to value ‘1’.

LSB#0: Interference-Mean

LSB#1: Interference-Variance

LSB#2: SINR-Mean

LSB#3: SINR-Variance

	Frame Offset
	8
	The offset (in units of frames) from the current frame in which AAI_FFR-REP message shall be transmitted on the unsolicited UL resource.

	Padding
	Variable
	if needed for alignment to byte boundary

	}
	
	


-------------------------------------------------Text Change #1 END -----------------------------------------------------
Remedy #2:page 99-101,  modify AAI_FFR-REP (FFR Report) Message as follows;
-------------------------------------------------Text Change #2 Start -----------------------------------------------------
16.2.3.20 AAI_FFR-REP (FFR Report) Message

Once an AMS receives AAI_FFR-CMD message, Aan AAI_FFR-REP message is sent by an the AMS to report the downlink interference and/or SINR statistics of frequency partition(s) specified in AAI_FFR-CMD message. 
Table 700 shows the parameters for AAI_FFR-REP message:

Table 700—AAI_FFR-REP message format
	M/O
	Attributes / Array of attributes
	Size (bits)
	Value / Note 
	Conditions

	M
	Control Message Type
	8
	Type of AAI-FFR-REP
	NA

	M
	frequencyPartitionBitMap
	4
	Each bit indicates the interference statistics report status of corresponding Frequency Partition.

0b0: no report interference statistics

0b1: report interference statistics

FPCT: the number of Frequency Partitions defined in Table 786 to Table 788

Frequency Partition Bitmap shall contain at least one bit with value “1”. The LSB indicates the lowest available FP and the MSB indicates the highest available FP where the size of an available FP is bigger than zero.
	NA

	M
	reportType
	4
	Each bit indicates if one type of report is required to be sent by AMS. If one bit has value ‘1’, it indicates the specific report type is required to be sent, otherwise it indicates the specific report type is not required to be sent. At least 1 bit needs to be set to value ‘1’.

LSB#0: Interference-Mean

LSB#1: Interference-Variance

LSB#2: SINR-Mean

LSB#3: SINR-Variance
	

	O
	FFR-REPORT
	fp0Report
	
	
	Presents when 0-th LSB of frequencyPartitionBitMap is 0b1

	O
	
	fp1Report
	
	
	Presents when 1-st LSB of frequencyPartitionBitMap is 0b1

	O
	
	fp2Report
	
	
	Presents when 2-nd LSB of frequencyPartitionBitMap is 0b1

	O
	
	fp3Report
	
	
	Presents when 3-th LSB of frequencyPartitionBitMap is 0b1

	O
	FFR-FeedbackIE
	interferenceMean
	8
	Interference mean. 

This is noise plus inter-cell interference power level which is averaged over the frequency partition and divided by the number of subcarriers in the frequency partition.
-134dBm to -30dBm in units of 1dB.

-134dBm is encoded as 0x00, -30dB is encoded as 0x68, 0x69 to 0xFF is reserved.
	Presents when 0-th LSB of reportType is 0b1

	O
	
	interferenceVariance
	4
	Interference variance

0dB to 15dB in units of 1dB
	Presents when 1-st LSB of reportType is 0b1

	O
	
	sinrMean
	8
	SINR mean

-16dB to 53dB in units of 0.5dB

-16dB is encoded as 0x00, 53dB is encoded as 0x8A, 0x8B-0xFF are reserved
	Presents when 2-nd LSB of reportType is 0b1

	O
	
	sinrVariance
	4
	SINR variance

0dB to 15dB in units of 1dB
	Presents when 3-rd LSB of reportType is 0b1


	Syntax
	Size (bits)
	Notes

	AAI_FFR-REP_Message_format(){
	
	

	Control Message Type 
	8
	

	Frequency Partition Bitmap
	FPCT
	Each bit indicates the interference statistics report status of corresponding Frequency Partition.

0b0: no report interference statistics

0b1: report interference statistics

FPCT: the number of Frequency Partitions defined in Table 777 to Table 781, Frequency Partition Bitmap shall have at least one bit having value ‘1’. The LSB indicates the lowest available FP and the MSB indicates the highest available FP where the size of an available FP is bigger than zero.

	Reporting Type
	4
	Each bit indicates if one type of report is required to be sent by AMS. If one bit has value ‘1’, it indicates the specific report type is required to be sent, otherwise it indicates the specific report type is not required to be sent. At least 1 bit needs to be set to value ‘1’.

LSB#0: Interference-Mean

LSB#1: Interference-Variance

LSB#2: SINR-Mean

LSB#3: SINR-Variance

	For(n=0;n<N_Bitmap_1;n++){
	
	N_Bitmap_1:number of bit ‘1’ in Frequency Partition Bitmap

	If(LSB#0 in Reporting Type == 1){
	
	

	Interference Measurement Report for nth FP-Mean
	8
	Per subcarrier receiving power(Noise and intercell interference)

-134dBm to -30dBm in units of 1dB.

-134dBm is encoded as 0x00, -30dB is encoded as 0x68, 0x69 to 0xFF is reserved.

	}
	
	

	If(LSB#1 in Reporting Type == 1){
	
	

	Interference Measurement Report for nth FP-Variance
	4
	0dB to 15dB in units of 1dB

	}
	
	

	If(LSB#2 in Reporting Type == 1){
	
	

	SINR Measurement Report for nth FP-Mean
	8
	-16dB to 53dB in units of 0.5dB

-16dB is encoded as 0x00, 53dB is encoded as 0x8A, 0x8B-0xFF are reserved

	}
	
	

	If(LSB#3 in Reporting Type == 1){
	
	

	SINR Measurement Report for nth FP-Variance
	4
	0dB to 15dB in units of 1dB

	}
	
	

	}
	
	

	  Padding
	variable
	if needed for alignment to byte boundary

	}
	
	


-------------------------------------------------Text Change #2 END -----------------------------------------------------
Remedy #3
Annex P. 

(Normative)

Definition of AAI MAC control messages

Annex P.2 MAC Control Message Definitions

 [Add the following ASN.1 code to Annex P.2]
-------------------------------------------------Text Change #3 Start -----------------------------------------------------
MacControlMsg DEFINITIONS AUTOMATIC TAGS ::= BEGIN
-- ASN1START

AAI-FFR-CMD ::= SEQUENCE {

    messageType                    OCTET STRING (SIZE(1)),

frequencyPartitionBitMap    BIT STRING (SIZE(4)),

reportType                     BIT STRING (SIZE(4)),
frameOffset                    INTEGER (0..255)

}
-- ASN1.END
-- ASN1START

AAI-FFR-REP ::= SEQUENCE {

messageType                    OCTET STRING (SIZE(1)),

frequencyPartitionBitMap    BIT STRING (SIZE(4)),

reportType                     BIT STRING (SIZE(4)),
ffrReport                      FFR-REPORT
}
FFR-REPORT ::= SEQUENCE {

fp0Report


FFR-FeedbackIE OPTIONAL,

fp1Report 


FFR-FeedbackIE OPTIONAL,

fp2Report


FFR-FeedbackIE OPTIONAL,

fp3Report


FFR-FeedbackIE OPTIONAL

}

FFR-FeedbackIE ::= SEQUENCE {

interferenceMean

INTEGER (0..255) OPTIONAL,

interferenceVariance

INTEGER (0..15) OPTIONAL,

sinrMean



INTEGER (0..255) OPTIONAL,

sinrVariance


INTEGER (0..15) OPTIONAL

}

-- ASN1.END
END

-------------------------------------------------Text Change #3 END -----------------------------------------------------
Remedy #4:page 328-333,  modify DL FFR section as follows;

-------------------------------------------------Text Change #4 Start -----------------------------------------------------
16.2.20  Interference Mitigation Mechanism
16.2.20.1 DL FFR
Fractional Frequency Reuse (FFR) techniques allow different frequency reuse factors to be applied over different frequency partitions. The maximum number of frequency partition is four. Note that the frequency partition is defined in 16.3.5.2.3.

The frequency partition boundary is aligned with PRU units. The frequency partitions are indexed from lowest Logical Resource Unit (LRU) index to highest LRU index. It always starts from reuse-1 partition if exists and then followed by the three reuse-3 partitions or two reuse-2 partitions depends on the value of DFPC and system bandwidth. They are numbered as frequency partition 0 (FP0) which is the reuse-1 partition, frequency partition 1 (FP1) which is the power boosted frequency partition, frequency partition 2 (FP2) which is the first power de-boosted frequency partition, and frequency partition 3 (FP3) which is the second power de-boosted frequency partition and FP3 doesn’t exist for reuse-2. The frequency partition configuration is signaled using DFPC field in S-SFH SP2. 
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Figure 458 Basic concept of fractional frequency reuse for reuse-3 scenario 
The boosted frequency partition is the partition whose power level is FP1_power. Each partition may have different power level per cell. The transmission power level relative to the reference power level on different frequency partitions is decided by ABS and signaled using AAL_DL_IM MAC management message or S-SFH SP3. 
When FFR is applied in the cell (i.e., FPCT>1), the different FFR power pattern is used by different ABSs. When FPCT=4, for example, each ABS chooses one of the three FFR patterns (cellpattern 1, cellpattern 2 and cellpattern 3 pattern) as shown in Figure 458 (when FPCT=3 and FPS3>0, , the same FFR patterns exists only excluding FP0). The index of FFR power pattern is set by a particular ABS with its Segment ID. That is, each ABS adopts the FFR power pattern corresponding to the Cellpattern k in Figure 458 and k is decided by the following equation:

k = Segment ID + 1
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Figure 459 Basic concept of fractional frequency reuse for reuse-2 scenario 

When FPCT=3 and FPS3=0, for example, each ABS chooses one of the two FFR patterns (cellpattern 1 and cellpattern 2 pattern) as shown in Figure 459 (when FPCT=2, the same FFR patterns exists only excluding FP0). The index of FFR power pattern is set by a particular ABS with its cell ID Segment ID, which is restricted in these cases to be either 0 or 1. That is, each ABS adopts the FFR power pattern corresponding to the Cellpattern k in Figure 459 and k is decided by the following equation:

k = floor(IDcell/384) Segment ID+ 1
16.2.20.1.1 DL/UL Signaling
When supporting FFR operation, the AMS shall be capable to measure the interference statistics over specific frequency partitions for evaluating the preferred frequency partition. AMS shallmay be capable to report the preferred frequency partition through the fast feedback channel.

ABS canmay instruct AMS to feedback interference and/or SINR measurement for one or more frequency partitions through AAI_FFR-CMD message. AMS shouldshall report interference and/or SINR measurement for one or more frequency partitions through AAI_FFR-REP message as a response to AAI_FFR-CMD message. For MFM 0, 1, 4 and 7, ABS can instructs AMS to feedback wideband CQI and STC rate for one active frequency partition using Feedback Allocation A-MAP IE. For MFM 0 and 1, ABS canmay instruct AMS to feedback wideband CQI and STC rate for one more alternative frequency partition in addition to the active frequency partition by puncturing every 2q 2q-th short period report for the active frequency partition. If ABS cannot serve the AMS by the recommended frequency partition, ABS can base on the interference statistics reported by AMS using AAI_FFR-REP to schedule DL data transmission.
AAI_DL_IM message or S-SFH SP3 includes resource metric information, as shown in Table 772, which may be is needed for AMS to select DL frequency partition in case of distributed permutation, or to select subband in case of localized Permutation. 
Table 772 Resource metric information
	Syntax
	Size (bit)
	Notes

	Content format () { 
	
	

	If (FPCT >= 3 and FPS3>0){
	
	Reuse-3

	for (i=2; i ≤3; i++) {
	
	

	Resource_Metric_FPi
	4
	Resource metric for the two power de-boosted frequency partitions in reuse 3 frequency region. 
The resource metric of two power de-boosted frequency partitions is defined as a fractional number x between 0 and 1. It is encoded as unsigned integer y from 0 to 15, and: 
if 0≤x<0.5:

y=floor(x/0.125)
if 0.5≤x<0.8:

y=floor((x-0.5)*8/0.3)+4
otherwise:

  y=floor((x-0.8)/0.05)+12.

When AMS receives the quantized resource metric of two power de-boosted frequency partitions, it will decode the resource metric as below:

if  0≤y<4: 

x = (y+1) *0.125
if  4≤y<12: 

x = (y-3)*0.3/8 + 0.5
if  12≤y≤15:
x=(y-11)*0.05 +0.8
Resource metric of frequency partition FP0 (reuse-1 partition) has fixed value equal to 1. Resource metric of frequency partition FP1 with power boosting is calculated as following: Resouce_Metric_FP1=3- Resouce_Metric_FP2 -Resouce_Metric_FP3;



	  }
	
	

	}else if (FPCT>1 and FPS3=0){
	
	Reuse-2

	Resource_Metric_FP2
	4
	Resource metric for the power de-boosted frequency partition in reuse 2 frequency region.
The encoding method is the same as Resource_Metric_FP2 and Resource_Metric_FP3 for reuse-3.
The resource metric for the power boosted frequency partition is as following:

Resouce_Metric_FP1=2- Resouce_Metric_FP2

	}
	
	

	}
	
	


Resource_Metric_FPi corresponds to resource metric of frequency partition with FPi_Power.
A Preferred Frequency Partition Indicator (PFPI) is required for AMS using Distributed Permutation to feedback its preferred partition. The PFPI is defined in PFBCH for PFBCH encoding type 0, 1, and 3 using 4 codewords with index 58 to 61. AMS canmay send PFPI to ABS in unsolicited manner. The PFPI sent in short report period wth PFBCH encoding type 0, 1 and 3 indicates the new preferred active frequency partition change. When there are two FPIs to report (long and short), the PFPI indicates the preferred active frequency partition change for short term FPI. by AMS. The PFPI sent in long report period with PFBCH encoding type 0, 1 and 3 indicates the new preferred alternative frequency partition by AMS. AMS will continue reporting CQI for one active frequency partition or one active frequency partition and one alternative frequency partition commanded by the latest Feedback Allocation A-MAP IE until ABS send a new Feedback Allocation A-MAP IE to reconfigure it.
Each frequency partition’s power differences relative to the reference power level are broadcasted in AAI_DL_IM message.
16.2.20.1.2 Operation procedure

16.2.20.1.2.1 Broadcast and Update of DL FFR Information by ABS

FFR partition information is broadcasted in S-SFH​ SP2, and the resource metric and transmission power level are is broadcasted in AAI_DL_IM message and/or S-SFH SP3.
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Figure 460—FFR partition size and resource metric
16.2.20.1.2.2 Feedback of Preferred Frequency Partition by AMS

In case of Distributed permutation, AMS may sends Preferred Frequency Partition Indicator (PFPI) through PFBCH to ABS to indicate its preferred FFR partition, if it is different from the current FFR partition. 

ABS may send a new Feedback allocation IE to respond to PFPI by AMS. After AMS receives a Feedback allocation IE, AMS shouldshall send CQI report to ABS according to the new configuration. 

Two examples of above operation procedure are illustrated in the following figures:
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Figure 461: Example where AMS sends PFPI and ABS agrees to change FFR partition 
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Figure 462: Example where AMS sends PFPI and ABS refuses to change FFR partition

16.2.20.1.2.3 Initial Frequency Partition at System entry

When AMS enters a system with FPCT>1, it initially uses the frequency partition indicated by ABS. Once the AMS has received the first superframe with resource metric information, it will may start to use the resource metric to recommend its preferred partition to ABS in case of DLRU or NLRUMiniband CRU/DRU, or select the preferred subbands in case of SLRU Subband CRU.

16.2.20.1.2.4 Frequency Partition Selection by AMS in case of DLRU or NLRUMiniband CRU/DRU
AMS may selects the preferred frequency partition as follows:

AMS estimates average SINR on each frequency partition, and then computes the expected spectral efficiency (SE) for each partition.  For example, the expected SE can be computed based on data Rate, PER, and partition BW of one frequency partition as follows:

Expected_SE = Data_Rate * (1-PER)/BW;

The data rate is a function of average SINR per partition and is determined according to the modulation and coding rate selected by Link Adaptation procedure.
· Data_rate is the uncoded data in length of bit transmitted on 4LRUs in type-1 AAI subframe as a resource allocationone or more Resource Unit(s) (RU) in the frequency partition;

· PER is the AMS estimated Packet Error Rate on the same 4LRU(s).

· BW is the time and frequency resource occupied by the same 4LRU(s).
AMS then calculates the normalized SE(i) of frequency partition (i) as follows:

· Normalized_SE(i) = Expected_SE(i) / Resource_Metric(i);

AMS compares the Normalized_SE(i) of all partitions, and selects the Partition with maximum Normalized_SE(i) as the Preferred Frequency Partition (PFP). The Normalized SE(i) can may be smoothed (filtered) to avoid rapid changes in partition selection.  If the PFP is different from previous partition choice, and has relatively stable higher normalized SE, AMS shouldshall send a PFPI through PFBCH to recommend the FP as its PFP.
16.2.20.1.2.5 Subband Partition Selection by AMS in case of SLRU Subband CRU
When AMS is requested to report SLRU feedbackusing subband CRU, and Best-M feedback is enabled, it indicates to ABS its preferred subbands for downlink transmission. ABS can allocate DL resources in this preferred subband, and also can allocate DL transmission in other subband as needed.
AMS may selects the preferred subband as following:

AMS estimates average SINR on each subband of all frequency partition, and then computes the expected spectral efficiency (SE) for each subband. For example, the expected SE can be computed based on data rate, PER, and partition BW of each subband as follows:

· Expected_SE = Data_Rate * (1-PER)/BW;

· The Data Rate is a function of average SINR per subband and is determined according to the modulation and coding rate selected by Link Adaptation procedure. 
· Data_rate is the uncoded data in length of bit transmitted on 4LRUs in type-1 AAI subframe as a resource allocationone or more Resource Unit(s) (RU) in the frequency partition;

· PER is the AMS estimated Packet Error Rate on the same 4LRU(s).

· BW is the time and frequency resource occupied by the same 4LRU(s).

AMS then calculates the normalized SE of each subband as follows:

· Normalized_SE(m) = Expected_SE(m) / Resource_Metric(i);

Here, ‘i’ is the frequency partition index of the corresponding subband ‘m’.  AMS then selects the subband with maximum Normalized_SE(m). 

-------------------------------------------------Text Change #4 END -----------------------------------------------------
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