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Interference Mitigation DG Text Proposal
I. Proposed Text Input to P802.16m Amendment Working Document

-------------------------------------------------------Start of the Text-------------------------------------------------------

15.2.X  Interference Mitigation Mechanism

The Advanced Air Interface use interference mitigation (IM) schemes that shall reduce unnecessary measurement feedback and be flexible enough for adoption of any available IM method.
15.2.X.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 15.3.5.2.3.
The frequency partition boundary is aligned with PRU units. The frequency partitions are indexed from lower 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. They are numbered as frequency partition 0 (FP0), frequency partition (FP1), frequency partition (FP2), and frequency partition(FP3) respectively. The frequency partition configuration should be semi-static and change with very long interim. The minimum interim is TBD.
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Figure xxx Basic concept of fractional frequency reuse 
Each partition may have different power level per sector.  The transmission power level on different frequency partitions is decided by BS. The power loading level should be semi-static and change with very long interim. The minimum interim is TBD.

The ABS transmits necessary information for DL FFR. The DL frequency partition configuration including the number of frequency partitions and size of each frequency partition is broadcasted through S-SFH IE as described in 15.3.6.5.1.2.

For DL FFR, the AMSs shall be capable of reporting the interference information to the serving ABS. The serving ABS can instruct AMS to perform interference measurement over the designated radio resource region in solicited/unsolicited manner. The measurement results can then be reported by message and/or feedback channel.

15.2.X.1.1 DL/UL Siganling

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 shall be capable to report the preferred frequency partition through the fast feedback channel.

AMS shall also be capable to report the interference statistics of specific frequency partition to ABS by AAI_FFR-REP message. The AAI_FFR-REP message defined in 15.2.5.y is sent in response to the measurement request from AAI_FFR-CMD defined in 15.2.5.x message by ABS. If ABS cannot serve the AMS by the recommended frequency partition, ABS can base on the interference statistics reported by AMS to schedule DL data transmission.
Essential system parameters and system configuration information is carried in the S-SFH, and is categorized into multiple S-SFH IEs. The S-SFH IEs are transmitted with different timing and periodicity. 
The ABS transmits necessary information for DL FFR. DL FFR configuration including the number of frequency partitions and size of each frequency partition is broadcasted through S-SFH. The S-SPH SP2 IE related to DL FFR is given in 15.3.6.5.1.2 and shown in Table 664. The DL frequency partition configuration (DFPC) information is given in 15.3.5.2.3 and shown in Table 652, 653 and 654 for 20MHz, 10MHz and 5MHz bandwidth respectively. 
{Editor’s Note: Replace DL FFR-related contents in Table 664 in 15.3.6.5.1.2 by contents in the Table 664 below}
Table 664 – S-SFH SP2 IE format
	Syntax
	Size (bit)
	Notes

	S-SFH SP2 IE format () { 
	
	

	.

.

.

.
	.

.

.

.
	.

.

.

.

	FFR partitioning info for DL region
	[10~11]
	DL_SAC(4), DL_FPSC(3), DL_FPC(3 for 5MHz and 10MHz BW and 4 for 20MHz BW)

(Up to 11 bits, Need the decision from DL physical structure section)

	FFR partitioning info for UL region
	[10~11]
	UL_SAC(4), UL_FPSC(3), UL_FPC(3 for 5MHz and 10MHz BW and 4 for 20MHz BW)

(Up to 11 bits, Need the decision from UL physical structure section)

	.

.

.

.
	.

.

.

.
	.

.

.

.

	}
	
	


In addition to FFR configuration information, S-SFH SPx IE or ABI (TBD) includes resource metric information needed for AMS to select DL frequency partition in case of distributed permutation, or to select subband in case of localized Permutation, as indicated in Table y. The period to transmit S-SFH SPx IE or ABI is N superframes, where the value of N is TBD.
Table y S-SFH SPx IE or ABI

	Syntax
	Size (bit)
	Notes

	Content format () { 
	
	

	…
	
	

	If (FPCT >= 3){
	
	

	for (i=0; i < 2; i++) {
	
	

	Resource_Metric
	[8]

(TBD)
	Resource metric for the two power de-boosted frequency partitions in reuse 3 frequency region. Resource metric of the partition with lower partition index is sent first, followed by the resource metric of the remaining partition. 

The resource metric of two power de-boosted frequency partitions is defined as a fractional number between 0 and 1. It is encoded as unsigned digital as following with resolution 1/ 256.  

Resource metric of frequency partition FP0 (reuse-1 partition) has fixed value equal to 1. Resource metric of frequency partition FPi (i>0) with power boosting is calculated as following: resource metric(i) = 3 – sum(resource metric of partition with power de-boosting);



	  }
	
	

	   …
	
	

	}
	
	

	  …
	
	

	}
	
	


[This section should be consistent with section 15.3.6.5.2.9.]

To allow CQI reporting on frequency partitions other than the active partition, wideband CQI feedback of the alternate partitions is multiplexed with CQI feedback of the AMS’ current active partition. The period of this alternate CQI is N frames, where N is TBD.

ABS uses the CQICH allocation A-MAP IE to control CQI reporting by AMS. ABS may send a new CQICH allocation A-MAP IE Frequency Partition Indicator (FPI) to reconfigure AMS which frequency partitions the AMS should send the CQI reporting. 

[This section should be consistent with CQICH allocation A-MAP IE, table 682]

	Syntax
	Size in bits 
	Description/Notes

	Feedback-Allocation-MAP_IE() {
	-
	-

	A-MAP IE Type
	[4]
	Feedback Allocation A-MAP IE = 0b0010

	…
	…
	…

	
	
	

	
	
	

	FPI
	[2]
	Frequency Partition Indicator: ABS signals AMS to send CQI of indexed Frequency Partition:

0b00: Frequency Partition 0 (FP0) 

0b01: Frequency Partition 1 (FP1)

0b10: Frequency Partition 2 (FP2)

0b11: Frequency Partition 3 (FP3)

FFR Frequency Partition index is specifieed in section x.x.x.x.x.

	…
	…
	…


[This section should be consistent with section 15.3.9.3.1.]

A Preferred Frequency Partition Indicator (PFPI) is required for MS using Distributed Permutation to feedback its preferred partition. The FPSI is defined in PFBCH, using 4 codewords as following:

	xx
	0bxxxxxx
	Preferred frequency partition 0 (reuse-1)
	PFBCH
	Preferred frequency partition requested by AMS

	xx
	0bxxxxxx
	Preferred frequency partition 1 (reuse-3)
	PFBCH
	Same as above

	xx
	0bxxxxxx
	Preferred frequency partition 2 (reuse-3)
	PFBCH
	Same as above

	xx
	0bxxxxxx
	Preferred frequency partition 3 (reuse-3)
	PFBCH
	Same as above


For AMS using localized permutation, it reports the preferred subbands across all frequency partition and their corresponding CQI in CQICH channel according to the signaling defined in section 15.3.9.3.x.  The selection of preferred partition in case of distributed permutation or of preferred subbands in case of contiguous permutation is defined in section 15.2.x.1.1.2.2 and 15.2.x.1.1.2.3.
{Editor’s Note: Insert the following subsections 15.2.5.x and 15.2.5.y under the 15.2.5 section.}
15.2.5.x. AAI_FFR-CMD (FFR Command) Message
An AAI_FFR-CMD message shall be transmitted by the ABS to instruct AMS perform measurement over specific frequency partition. The following are the parameters shall be included into the AAI_FFR-CMD message:

Table xxx AAI_FFR-CMD message format

	Syntax
	Size (bit)
	Notes

	AAI_ FFR-CMD _Message_format() {
	—
	—

	Management Message Type = XX
	8
	—

	Full Report Flag
	1
	0: Report the measurement result for specified frequency partition 

1: Report the measurement result for full frequency partition

	if (Full Report Flag == 0) {
	
	

	Frequency Partition Index
	2
	-

	Reserved
	5
	Shall be set to zero

	}
	
	

	else {
	
	

	    Reserved
	7
	Shall be set to zero

	}
	
	

	Measurement Duration
	8
	AMS shall reply AAI_FFR-REP message to report the measurement after this indicated time

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

	}
	
	


15.2.5.y. AAI_FFR-REP (FFR Report) Message
An AAI_FFR-REP message is sent by an AMS to report the interference statistics of frequency partition. The following are the parameters shall be included into the AAI_FFR-REP message:

Table xxx AAI_FFR-REP message format

	Syntax
	Size (bit)
	Notes

	AAI_ FFR-REP _Message_format() {
	—
	—

	Management Message Type = XX
	8
	—

	Full Report Flag
	1
	0: Report the measurement result for specified frequency partition 

1: Report the measurement result for full frequency partition

	if (Full Report Flag == 0) {
	
	

	Frequency Partition Index
	2
	-

	Reporting Type
	1
	0: Interference Measurement Report

1: SINR Measurement Report

	If (Reporting Type == 0) {
	
	

	Interference Measurement Report - Mean
	8
	

	Interference Measurement Report - Variance
	8
	

	Reserved
	4
	

	} else {
	
	

	SINR Measurement Report - Mean
	8
	

	SINR Measurement Report - Variance
	8
	

	Reserved
	4
	

	}
	
	

	} else {
	
	

	Reporting Type
	1
	0: Interference Measurement Report

1: SINR Measurement Report

	for (n=0; n<N_FP; n++) {
	
	N_FP: number of total frequency partition

	If (Reporting Type == 0) {
	
	

	Interference Measurement Report for FPn – Mean
	8
	

	Interference Measurement Report for FPn- Variance
	8
	

	} else {
	
	

	SINR Measurement Report for FPn - Mean
	8
	

	SINR Measurement Report for FPn - Variance
	8
	

	}
	
	

	}
	
	

	Reserved
	6
	

	}
	
	

	}
	
	


15.2.X.1.1.2 Operation procedure

{Editor’s note: Insert the following bracketed text as follow:}
15.2.X.1.1.2.1 Broadcast and Update of DL FFR Information by ABS

FFR partition information is broadcasted in SFH, and the resource metric is broadcasted every N super frames, where N is TBD.
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Figure. yyy

15.2.X.1.1.2.2 Feedback of Preferred Frequency Partition by AMS

In case of Distributed permutation, AMS 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 CQICH allocation IE to respond to PFPI by AMS. After AMS receives a CQICH allocation IE, AMS should 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 xxx: Example where AMS sends PFPI and ABS agrees to change FFR partition 
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Figure yyy: Example where AMS sends PFPI and ABS refuses to change FFR partition

15.2.X.1.1.2.3 Initial FFR Partition at System entry

When AMS enters a system which has FFR enabled, it initially uses the FFR partition indicated by ABS. Once the AMS has received the first superframe with resource metric information, it will start to use the resource metric to recommend its preferred partition to ABS in case of DRU, or select the preferred subbands in case of contiguous permutation.

15.2.X.1.1.2.4 FFR Partition Selection by AMS in case of Miniband CRU/DRU

AMS selects the preferred frequency partition 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 MCS Rate, PER, and partition BW as follows:

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

The MCS rate is a function of average SINR per partition and is determined according to Link Adaptation procedure.  AMS then calculates the normalized SE 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 be smoothed (filtered) to avoid rapid changes in partition selection.  If the PFP is different from previous partition choice, and has x% (FFS) higher normalized SE, AMS should send a PFPI through PFBCH according to the signaling defined in section 15.3.9.3.1. and operation procedure 15.2.x.1.1.2.2.
15.2.X.1.1.2.5 FFR Partition Selection by AMS in case of Subband CRU

When AMS is using subband LRU, and Best-M feedback is enabled, it indicates to BS its preferred subbands for downlink transmission. BS can allocate DL resources in this preferred subband, and also can allocate DL transmission in other subband as needed.

AMS 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 MCS Rate, PER, and partition BW as follows:

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

The MCS rate is a function of average SINR per partition and is determined according to Link Adaptation procedure.  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). 

15.2.X.2 UL FFR

UL FFR allows the system to designate a different UL IoT control parameter, i.e., 
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 per frequency partition. Note that the UL frequency partition is defined in 15.3.8.2.3.

For UL FFR, the ABSs shall be capable to measure the interference statistics over each frequency partition. In order to support UL FFR, the ABS transmits necessary information. UL FFR configuration including the number of frequency partitions and size of each frequency partition is broadcasted through S-SFH. The S-SPH SP2 IE related to UL FFR is given in 15.3.6.5.1. The UL frequency partition configuration (UFPC) information is given in 15.3.8.2.3. Also, UL IoT control parameter for each frequency partition is broadcasted as shown in Table zz1 through ABI.
Table zz1 – Broadcast information of UL IoT control parameter for each frequency partition
	Syntax
	Size (bit)
	Notes

	IE format () { 
	
	

	Default UL IoT control parameter 

	4
	- UL IoT control parameter is 
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 which is defined in 15.3.9.4 ULPC

- When UFPCT=1, this value is applied for FP0
- When UFPCT=3, this value is applied for the designated reuse-3 frequency partition (which is sector-specific)

- When UFPCT=4, this value is applied for both FP0 and the designated reuse-3 frequency partition 

	If (UFPCT >1) {
	
	

	Relative adjustment of IoT control parameter
	[2 or 3]
	This value is applied for all the other frequency partitions except the frequency partitions using default  value 

(When UFPCT=4 and the designated reuse-3 frequency partition is FP1, for example, 
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 for FP2 and FP3 is 
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 for FP0 and FP1 minus relative adjustment)

	}
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15.2.X.3 DL Multi-BS MIMO

Multi-BS MIMO techniques improve sector throughput and cell-edge throughput through multi-BS cooperative signaling. These include single-BS precoding with multi-BS coordination and multi-BS joint processing.
15.2.X.3.1 Single BS precoding with Multi-BS Coordination

This subclause describes interference mitigation techniques based on the MIMO schemes defined in Section 15.3.7 with additional inter-ABS coordination mechanisms and interference measurement support. The inter-ABS coordination mechanisms in this subclause do not require data forwarding between different ABSs.
15.2.X.3.1.1 DL/UL Signaling
In a multi-BS joint processing mode(i.e., CL-MD mode or Co-MIMO), an ABS shall inform the corresponding AMS of the set of the ABSs. The IDs of the joint processing ABSs should be transmitted from the serving ABS to the AMS by using the following message format. 

Table X. Parameters to be transferred from serving ABSs to AMSs.

	Syntax
	Size in bits
	Description/Notes

	N_preferred_C_ABSs
	3
	N_preferred_C_ABSs denotes the number of preferred cooperating ABSs excluding the serving ABS, which is expressed as a 3-bit binary number.

For example, N_preferred_C_ABSs=0b001 means that the serving ABS is going to cooperate with one neighbor ABS for the AMSs. 

	Preferred_C_ABS IDs
	[TBD]
	Note: IDs of the preferred cooperating ABSs


15.2.X.3.1.2 Operation procedure

Two types of single BS precoding techniques with Multi-BS coordination may be supported in AAI. One is PMI coordination, supported by codebook-based feedback, and the other is interference nulling, supported by codebook-based feedback or by uplink sounding.

Single BS precoding with Multi-BS Coordination may be enabled by the ABS for one or several AMSs when CL MIMO precoding is applied in the serving and neighboring cells. The inter-cell interference can be mitigated by coordinating the precoders applied in neighboring cells via higher layer signaling, based on feedback from AMSs to their respective serving ABSs.
With codebook-based feedback, PMI coordination can be applied as either PMI recommendation or PMI restriction, as instructed by the ABS in Feedback_Polling_IE.
If ICT (interference coordination type) is set to 0b00 in Feedback_Polling_IE, then the MS finds the PMI which acts as the strongest interference for the neighboring cell in the frequency resource unit indicated by TRU (target resource unit) indicated in Feedback_Polling_IE.

If ICT (interference coordination type) is set to 0b01 in Feedback_Polling_IE, then the MS finds the PMI which acts as the weakest interference for the neighboring cell in the frequency resource unit indicated by TRU (target resource unit) indicated in Feedback_Polling_IE.
Restricting or recommending the usage of rank-1 codebook elements as a response to the neighboring cell’s request is done by the BS transmission of BC_SI in additional broadcast information. Details are in 15.3.7.2.6.6.2.4. {Editor’s Note: This subclause15.3.7.2.6.6.2.4 should have the tile of “Codebook subset selection”}
The operation procedure of PMI coordination follows the steps below:
1.
PMI coordination may be triggered by an AMS in an unsolicited manner. Based on the channel measurements of the desired and interference links reference signals, an AMS may request operation with PMI coordination in an unsolicited manner via an event-driven feedback report to its serving BS using a MAC management message.

2.
The ABS may accept or reject the request from the AMS. The ABS shall send a Feedback_Polling_IE to the AMS to accept the request, or it may do nothing to reject the request. The ABS may also send a Feedback_Polling_IE to an AMS in an unsolicited manner. The ABS shall indicate operation with PMI recommendation or restriction in the Feedback_Polling_IE.
3.
Once an AMS receives a Feedback_Polling_IE, it shall send a periodic feedback header with the requested information. This information may include a PMI or a set of PMIs, Temp_BSID (diversity member ID) and CQI additional measurements.
For reporting a set of PMIs, the following procedure shall be performed at the MS after determining the recommended (or restricted) PMI wk:

· Considering all PMIs (w0, w1, …, wm) in the rank-1 DL base codebook C(2,1,3,m) for m = 0 to 8 with 2Tx, or in the rank-1 DL base codebook subset C(4,1,6,m) for m = 0 to 15 with 4Tx, or in the rank-1 DL base codebook C(8,1,4,m) for m = 0 to 15 with 8Tx, the AMS calculates the cross correlation of each PMI to the recommended (or restricted) PMI wk. The cross-correlation between PMIs i and k is defined in equation (1), with superscript H indicating conjugate transpose.
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· The AMS determines the size of the subset of PMIs to be jointly recommended (or restricted), based on two fixed correlation levels determined by n1 and n2 in equation (2). The AMS indicates the selection of n1 or n2 via PMI_coordination_subset in a feedback header. The value of PMI_coordination_subset is specified in Table X3.
Table X3 - PMI_coordination_subset
	PMI_coordination_subset
	Value

	0b0
	n1

	0b1
	n2


4.
Upon receiving feedback from multiple AMSs, an ABS should communicate with neighboring ABSs to coordinate their usage of PMIs via higher layer signaling. The ABS should then broadcast codebook subset information in BC_SI in Additional Broadcast Information (ABI) message to all AMSs in its cell. BC_SI is indicated by a bitmap.
5.
The ABS may send a Feedback Allocation A-MAP IE with CM set to 0b11 to selected AMS. Consequently, these AMSs should feedback their desired PMI in the codebook subset broadcasted in BC_SI.

Inter-cell interference nulling can be done using PMI which acts as a strongest interference for the neighboring cell or overhearing neighboring cell’s sounding signal.

15.2.X.3.2 DL Multi-BS Joint MIMO Processing

This subclause introduces interference mitigation techniques based on joint MIMO transmission across multiple ABSs. The ABS and AMS may optionally support both adaptive precoding based multi-BS joint processing e.g. Closed-loop Marco Diversity (CL-MD) and Collaborative MIMO (Co-MIMO) transmission and non-adaptive precoding based multi-BS joint processing. Multi-BS joint MIMO processing may be enabled by the ABS for one or several AMSs when adaptive or non-adaptive precoding is applied in the serving and neighboring cells and user data is shared among multiple cells.
15.2.X.3.2.1 DL/UL Siganling

Table x1 – Control parameters for DL Multi-BS MIMO supported by codebook based feedback 
	Parameter
	Description
	Value
	Control channel

(IE)
	Notes

	ICT
	Interference coordination type
	0b00: PMI restriction

0b01: PMI recommendation


0b10: CL-MD

0b11: Co-MIMO
	Feedback_Polling_IE
	Indicates which Multi-BS MIMO mode 

	TRU
	Target resource unit
	TBD
	Feedback_Polling_IE
	Indicates resource units for measurement

	CPI
	Concatenating PMI indication


	0b0: feedback 

0b1: not feedback
	Feedback_Polling_IE
	Only used in CL-MD or Co-MIMO 


	MaxUser
	Maximum number of users supported in Co-MIMO
	Maximum supported user number = MaxUser+2, e.g., 0b000 means 2 AMSs are supported in maximum.
	Feedback_Polling_IE
	Only used in Co-MIMO. In CL-MD, the maximum supported user number is 1.


Co-MIMO and CL-MD can be supported as instructed by the BS in the Sounding_command_IE.

Table x2 – Feedback information for DL Multi-BS MIMO supported by codebook based feedback 
	
	Feedback information type
	Description

	Periodic feedback

	Base station ID
	Report BS_ID using Temp_BSID. Temp_BSID is diversity set member ID assigned to this ABS. 

	
	PMI report for serving and neighboring cell
	For PMI coordination among multiple ABSs

	
	PMI_coordination_subset indication
	Indicating one correlation level or two correlation levels associated with the PMI report for neighboring cell

	
	Additional measurement metric
	Optional additional feedback for indicating the potential interference level improvement associated with the PMIs reported for the neighboring cells

	
	CPMI for neighboring cell
	Concatenating PMI for neighboring cell


	
	PCF for neighboring cell
	Phase correction factor for neighboring cell

	
	[CQI, differential CQI, or normalized interference power]
	For resolving conflict or link adaptation

	Event-driven feedback
	Requesting Multi-BS MIMO
	For AMS reporting of its preference on Multi-BS MIMO operation using a MAC management message


Uplink sounding can be used to support Co-MIMO and CL-MD.
15.2.X.3.2.2 Operation procedure
With adaptive precoding, the precoder matrix Wk is derived from the feedback of the MS, e.g. codebook-based feedback and sounding-based feedback. Two types of adaptive precoding based multi-BS joint processing are supported, CL-MD and Co-MIMO. When CL-MD is enabled, a single AMS is served jointly by multiple coordinating ABSs. When Co-MIMO is enabled, several AMSs are served jointly by the multiple coordinating ABSs through MU-MIMO scheduling and precoding.

For codebook-based feedback, the AMS(s) choose the PMIs for the serving cell and the neighboring cells based on the respective estimated channel state information. Optionally, the serving ABS can also instruct the AMS(s) to feedback a phase correction for the neighboring cells to further improve the system performance.

When DL Multi-BS joint processing is enabled, radio resource allocation, data mapping and pilot pattern allocation should be aligned among coordinating ABSs. The same data packet is transmitted by the coordinating ABSs on the same time and frequency resources. The same pilot patterns without interlacing shall apply to the coordinating BSs.
The operation procedure of DL Multi-BS Joint Processing follows the steps below:

1.
DL Multi-BS Joint Processing may be triggered by an AMS in an unsolicited manner. Based on the channel measurements of the desired and interference links reference signals, an AMS may request operation with DL Multi-BS Joint Processing in an unsolicited manner via an event-driven feedback report to its serving BS using a MAC management message.

2.
The ABS may accept or reject the request from the AMS. The ABS shall send a Feedback_Polling_IE to the AMS to accept the request, or it may do nothing to reject the request. The ABS may also send a Feedback_Polling_IE to an AMS in an unsolicited manner. The ABS shall indicate operation with non-adaptive precoding based multi-BS joint processing, CL-MD or Co-MIMO in the Feedback_Polling_IE.

3.
Once an AMS receives a Feedback_Polling_IE, it shall send a periodic feedback header with the requested information in case of codebook feedback, or send UL sounding as instructed by Sounding_Allocation_IE() in case of sounding feedback. 

4.
Upon receiving feedback from multiple AMSs In case of codebook feedback, the ABS shall forward the PMIs and PCI (in case of PCI feedback enabled) 
to neighboring ABSs to coordinate the usage of PMIs. In case of sounding feedback, each involved ABS can perform precoding based on the received sounding signal(s) from single AMS for CL-MD or from multiple AMSs for Co-MIMO.
15.2.X.3.3 Collaborative MIMO (Co-MIMO) Transmission
The default number of neighboring ABSs coordinated to support Collaborative MIMO (Co-MIMO) transmission is three.

The Collaborative MIMO Zone (Co-MIMO Zone) is defined to facilitate inter-ABS coordination for supporting Co-MIMO transmission. Co-MIMO Zone is a radio resource region composed by LRUs and sub-frames, where the Co-MIMO Zone utilized by neighboring ABSs for Co-MIMO transmission will associate to the same LRU and sub-frames. The permutation of the Co-MIMO Zone for these ABSs shall be the same.

Each Co-MIMO Zone will be used for serving one or multiple AMS, and each ABS can have multiple Co-MIMO Zones. The associated LRUs, permutation and sub-frames for each Co-MIMO Zone will be negotiated by the ABSs involved in Co-MIMO transmission through the backhaul network before the allocation.
15.2.X.4 UL Multi-BS MIMO

15.2.X.4.1 Single BS precoding with Multi-BS Coordination

This subclause describes interference mitigation techniques based on the MIMO schemes defined in Section 15.3.10 with additional inter-ABS coordination mechanisms and interference measurement support. The inter-ABS coordination mechanisms in this subclause do not require data forwarding between different ABSs.

15.2.X.4.1.1 DL Signaling

Table x1- Control parameters for UL multi-BS MIMO

	Parameter
	Description
	Value
	Control channel (IE)
	Notes

	UCCE
	Uplink codebook coordination enable 
	0b0: disable

0b1: enable
	MAC management message 

	Indicates operation of PMI combination 

	UTRU
	Uplink target resource unit
	TBD
	MAC management message

	Indicates resource units for measurement

	PMImin
	PMI minimizing interference 
	
	MAC management message

	Enable when UCCE=0b1

[Preferred PMI minimizing inter-cell interference for the neighboring ABS]


15.2.X.4.1.2 UL Signaling

Table x2-Feedback information for UL multi-BS MIMO 

	
	Feedback information type
	Description

	Periodic feedback

	Base station ID

	Report BS_ID using Temp_BSID. 


15.2.X.4.1.3 Operation procedure

Single BS precoding with Multi-BS Coordination proceeding by combining two egoistic and altruistic PMIs can be used to mitigate inter-cell interference (ICI) without much increase of feedback overhead for CL SU MIMO.

The operation procedure of PMI combination follows the steps below:

1. PMI combination may be triggered by an ABS in an unsolicited manner. Based on channel measurements, ABSs may send MAC management message to an AMS indicating operation with PMI combination. 

2. Once an AMS receives a MAC management message
,, it shall send a periodic feedback header with the requested information. This information may include a Temp_BSID.  

-The BS_ID of the neighboring BS which suffers the most interference caused by the AMS is selected through the following criteria:
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where i is the index of AMS who reported the RSSI information, q is the index of serving ABS and p is the index of neighboring ABS. 
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3. By using UL sounding signals, the serving and neighboring ABSs shall measure channels and determine PMImax maximizing transmission power and PMImin minimizing interference, respectively. The neighboring ABS shall inform the serving ABS of PMImin through the backhaul network. 

-Two PMIs of the predefined codebook
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, one of which maximizes the transmission power for the serving ABS and another of which minimizes the interference power for the neighboring ABS from (1), should be selected through the following equations:
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where 
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 is the PMI. 
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 denote information of channels from the AMS to its serving ABS and the neighboring ABS, respectively. 
4. The serving ABS shall feedback PMImin and PMImax to the AMS. 

-The AMS determines a PCR 
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 based on two fixed RSSI_difference criterion 
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-The transmitted precoder 
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 combines two precoders (
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15.2.X.4.2 UL Multi-BS Joint MIMO Processing

The Advanced Air Interface shall support uplink multi-BS MIMO to allow joint reception by multiple ABSs, e.g. macro-diversity combining and cooperative beamforming. The uplink multi-BS MIMO capability can be enabled or disabled in the REG-REQ/RSP (TBD) message exchange. With uplink multi-BS MIMO enabled, the MS shall perform the following stages:

· Decision: Uplink multi-BS MIMO operation begins with a decision to receive an MSs transmission by multiple BSs at the same time. This decision can be made at MS and notify its serving BS (anchor BS) through MAC request message from MS, or made at anchor BS and notify MS through MAC request message from BS.

· Report: An MS may measure interference information of neighboring BSs, select BSs that contribute to majority of inter-cell interference, and then report the interference information e.g. RSSI or the selected BSs to anchor BS.

· Collaborative zone initialization: A common radio resource allocation shall be allocated as a collaborative zone among those BSs involved in uplink multi-BS MIMO operation. Uplink sounding signals shall be allocated orthogonally among MSs in the collaborative zone.

· Inter-BS information exchanging and joint processing: With macro-diversity combining enabled, soft decision information in the form of log-likelihood ratios are generated at neighboring BSs, transmitted to anchor BS accompanied with scheduling information through M-SAP/C-SAP primitives (TBD) over backhaul network, and combined at anchor BS. With cooperative beamforming enabled, quantized versions of received signals are generated at neighboring BSs, transmitted to anchor BS accompanied with channel state information and scheduling information through M-SAP/C-SAP primitives (TBD) over backhaul network, and jointly processed at anchor BS.

15.2.X.5 Capability negotiation on interference mitigation

Interference mitigation support shall be negotiated between the ABS and AMS during the capability exchange and registration dialog defined in Section 15.2.15.6.

15.2.X.5.1 Interference mitigation capability

This field indicates interference mitigation capabilities of the AMS when included with the AAI-REG-REQ and the interference mitigation capabilities of the ABS when included with the AAI-REG-RSP. 
Table yy ―Interference Mitigation capability
	Type
	Length
	Value
	Scope

	[TBD]
	1
	Bit #0: DL PMI Coordination 

Bit #1: DL Collaborative multi-BS MIMO

Bit #2: DL Closed-Loop multi-BS Macro 
Diversity

Bit #3: UL combination
Bit #4: UL multi-BS joint MIMO processing
Bit #5-7: Reserved
	AAI-REG-REQ /RSP


{Editor’s Note : Insert the following section 15.2.3.1..}
15.2.3.1.x. MIMO channel feedback header
Table Y. Description of MIMO channel feedback header fields
	Name
	Length

(bit)
	Description

	if (ICT == 0b00, 0b01, 0b10, 0b10 or 0b11) {
	
	ICT is defined in Feedback Polling A-MAP IE


	if (ICT ==0b10 or 0b11){
	
	Co-MIMO or CL-MD

	    CQI

	[4]
	

	}
	
	

	for (i = 1; i <= N_multiBS_reports; i++) {
	
	

	   Temp_BSID
	[TBD]
	Diversity set member ID

	   PMI
	[3 to 6]
	PMI from the rank-1 base codebook [or base codebook subset]

	If (ICT==0b00 or 0b01) {
	
	

	
	
	

	   [PMI_coordination_subset]
	[1]
	Set of PMIs from the rank-1 base codebook [or base codebook subset]

	}
	
	

	If (ICT==0b10 or 0b11 ) {
	
	ICT is defined in Feedback Polling A-MAP IE

	
	
	

	If (CPI == 0b0){
	
	CPI is defined in Feedback Polling A-MAP IE

	   CPMI

	[TBD]
	Concatenating PMI for neighboring cells 

	
	
	

	}
	
	

	}
	
	

	}
	
	

	
	
	

	}
	
	


{Editor’s Note : Insert the following section 15.3.6.4.2.x }
15.3.6.4.2.x. Feedback Polling A-MAP IE

This IE is used by BS to schedule feedback header transmission by the MS.
Table X. Feedback Polling A-MAP IE
	Syntax
	Size in bits
	Description/Notes

	A-MAP IE Type
	[4]
	Feedback_Polling_IE

	
	
	

	
	
	

	
	
	

	MCS
	[2 or 4]
	MCS level for transmitting feedback header

	Resource Allocation
	[TBD]
	Indicating the first Distributed LRU index for transmission

	Allocation Duration (d)
	[3]
	The allocation is valid for 2(d–1) superframes starting from the superframe defined by allocation relevance. If d == 0b000, the pre-scheduled feedback header transmission is released. If d == 0b111, the pre-scheduled feedback header transmission shall be valid until the BS commands to release it.

	Period (p)
	[2]
	Transmit feedback header every [2p superframe]

	TRU
	[3]
	Target RU indicating which RUs or which type of RU to work on for feedback

	ICT
	[3]
	0b00: PMI restiction for single-BS precoding;

0b01: PMI recommendation for single-BS precoding;

0b10: CL-MD for multi-BS precoding;

0b11: Co-MIMO for multi-BS precoding;




	N_multiBS_reports
	[3]
	N_multiBS_reports indicates the number of reports.

	If (ICT = 0b10 or 0b11) {
	
	

	CPI

	1
	Concatenating PMI Feedback indication;

0b0: feedback CPMI for N_multiBS_reports-1 diversity set members;

0b1: not feedback CPMI

	   If (ICT = 0b11) {
	
	

	      MaxUser
	3
	Maximum number of users supported in Co-MIMO, 0b000 corresponds to 2 users in maximum are supported in the same resource. This will impact the CQI estimation at the MS side.

	      }
	
	

	}
	
	

	Measured Logical Carrier Index
	[3]
	TBD

	Padding
	variable
	Padding to reach byte boundary

	MCRC
	[16]
	16 bit CRC masked by Station ID


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