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UL Fast-feedback (FFB) Channel Signalling for 802.16m
Rajni Agarwal, Kevin Power
 Fujitsu 

1. Introduction
The current IEEE 802.16 standard defines many features which if combined, can potentially improve the system throughput and ultimately ensure that the user experiences the best possible performance.  However, in order for the combinations to operate efficiently, the BS requires knowledge of the propagation channel and the related characteristics that the MS is experiencing. Depending on the capabilities supported by the BS as well as the MS, there may be a number of available operating modes for the MS. These modes of operation may include but are not limited to: Frequency Selective Scheduling (FSS), Fractional Frequency Reuse (FFR), various MIMO schemes, multiple frequency bands in case of Multicarrier (MC) operation. In order for the BS to choose between the best operating combinations for the MS and carry out Link adaptation at the same time, the MS should provide multiple feedback reports to the BS that may include (but are not limited to): CQI reports indicating signal strength, interference levels, etc; MIMO related feedback such as PVI, RI, etc; FSS related information such as best M-band reports; MC based information and so on.

The proposed signaling scheme provides a solution to incorporate the above in such a manner as to reduce the signaling overhead and at the same time offering the flexibility to assign a number of feedback reports at configurable intervals on the same fast feedback channel and thus ultimately optimizing the RRM capability of the BS. 

In summary, the proposed mechanism caters to the following requirements:

i. The BS requires multiple feedback reports from the MS.

ii. The feedback reports may be CQI reports, MIMO feedback reports or any other.

iii. Some feedback reports may be required at more frequency than others; in other words, some reports are more time critical than others.

iv. The reports may be used by the BS to carry out link adaptation, configuration adaptation (FSS, FFR, etc), MIMO optimization or any such optimization for the MS.

v. The resources on the UL FFB region should be allocated such as to maximize the number of MS that may be accommodated.

vi. Minimize the signaling overhead involved in issuing instructions for requesting various reports from the MS.

2. FFB Signalling Mechanism
2.1   Scope
The proposed mechanism is tied closely with the 16m SDD and provides for an advanced feedback signaling mechanism to assign a dedicated UL fast feedback channel to an MS. In particular, the proposal provides a solution for periodic allocations covering the following text of SDD [1], Section 11.9.2.1.1:

“Fast feedback allocations to an MS can be periodic and the allocations are configurable. For periodic allocations, the specific type of feedback information carried on each fast feedback opportunity can be different. The UL fast feedback channel carries one or more types of fast feedback information.”
As agreed by the UL Control RG, the harmonized text proposal for SDD Section 11.9.2.1 “There are two types of UL fast feedback control channels: primary and secondary fast feedback channels. The UL primary fast feedback control channel provides wideband feedback information including channel quality and MIMO feedback. It is used to support robust feedback reports. The UL secondary fast feedback control channel carries narrowband CQI and MIMO feedback information. The secondary fast feedback channel can be used to support CQI reporting at higher code rate and thus more CQI information bits.”
The proposed solution applies primarily to Primary Fast Feedback (FFB) Channels and may be extended to Secondary Fast Feedback Channels. It may also be expanded to incorporate BWR indication for the feedback report if required.
2.2   Concept

The concept involves the BS to instruct an MS to report multiple fast-feedback reports with identical or different intervals on the same Fast-Feedback (FFB) channel. If a different reporting interval is desired for different FFB reports, the BS accordingly instructs the MS to initialize  the status tag of each FFB report as “Master” or “Slave” and providing the trigger information to change the tag and hence the reporting interval automatically at the MS. The BS can achieve this by means of issuing a single instruction FFB_Alloc_IE (Fast-feedback Allocation IE) in similar fashion to the legacy CQICH Allocation IE. Thereafter the MS shall start reporting accordingly and automatically updating the report feedback interval with changing physical layer operating mode. 

This concept may be extremely beneficial to algorithms that do not need the same type of report at every FFB opportunity.  In this case, the FFB channel can be used in an optimal manner wherein the report type available to the BS is in most instances the one required for link adaptation while at the same time maintaining a regular feedback of other reports that the BS may find useful in efficiently managing the radio resources, thus leading to an improved system performance. Thus, the proposed fast feedback signaling mechanism provides enhancements generally for a number of features and functionalities specified in the 16m SRD [2] and particularly complies with Section 6.4.1.
2.3   Definitions
i. PHY Layer Operating Mode: A particular radio configuration for an MS valid for 16m operation such as Reuse-1 or Reuse-3 especially where FFR is enabled; MIMO-A or MIMO-B, SU-MIMO or MU-MIMO for MIMO Mode adaptation; Localized or Distributed Sub-channelization mode; a combination of one or more of above; and so on.

ii. Feedback Report: A Feedback Report or FFB Report is any report which can be configured to be reported on the UL FFB Channel.

iii. Master FFB Report: A FFB Report tagged as ‘Master’ with the provision of change of status to ‘Slave’ if required. A Master FFB report is feed back to the BS at rate faster than the ‘Slave’ FFB Report. Typically, a Master FFB is used by the BS for Link Adaptation for the current PHY Layer Operating Mode of the MS.

iv. Slave FFB Report: A FFB Report tagged as ‘Slave’ with the provision of change of status to ‘Master’ if required. A Slave FFB report is feed back to the BS at a rate slower than the ‘Master’ FFB Report. Typically, a Slave FFB Report is used by BS for either Mode Adaptation or for Link Adaptation in the event of change in Mode of Operation.

v. Toggle_Enable: This flag defines whether the status of a FFB Report is allowed to toggle from ‘Master’ to ‘Slave’ or vice-versa.

vi. Trigger_Type: This parameter defines whether ‘Master’ & ‘Slave’ status of FFB reports are updated based on explicit or implicit signaling.

vii. Trigger_Signal: This parameter defines the explicit signal message based on which the ‘Master’ & ‘Slave’ status of FFB reports are updated.
2.4   Recommended IE Structure

The BS issues a unicast UL control message in the form of FFB Allocation IE as shown in Table 1 is a unicast UL Control Message shall be used to define periodic allocation or de-allocation on the UL FFB Channel for an MS. 

	
Syntax

	Size (bit)
	Notes

	FFB_Allocation_IE () {
	-
	-

	Extended UIUC
	4[TBD]
	FFB=0x03 [TBD]

	Length
	4[TBD]
	Length in bytes

	FFB_ID
	variable
	Index to uniquely identify the FFB resource assigned to the MS. The size of this field is dependent on system parameter defined in UCD.

	Allocation offset
	6[TBD]
	Index to the fast feedback channel region marked by UIUC = 0.

	Period (p)
	2[TBD]
	One or more fast feedback reports are transmitted on the FFB channel every 2p frames.

	Allocation Bitmap
	8
	Pattern defining UL sub-frames of a Frame with Fast feedback report allocation

	Frame or Superframe offset
	3[TBD]
	The MS starts reporting at the frame/Superframe [TBD] of which the number has the same 3 LSB as the specified frame/ Superframe offset. If the current frame/ Superframe is specified, the MS should start reporting in eight frames or two superframes.

	Duration (d)
	3
	A Fast feedback report is transmitted on the FFB channels indexed by the FFB_ID for 10 x 2d frames/ Superframe. If d == 0, the FFB channel is deallocated. If d == 0b111, the MS should report until the BS command for the MS to stop.

	Report configuration included
	1
	Update to FFB report configuration is included.

	Number of Reports (n)
	3 [TBD]
	Number of reports supported on the FFB Channel is 2n

	If (Number of Reports > 1){
	
	

	     Master-Slave_Config_En
	1
	0: All reports are feedback at same rate such that each of the multiple reports is reported at nth FFB opportunity where n is the number of reports

1: Master FFB Report is reported at a different rate than the Slave FFB Reports

	}
	
	

	If (Master-Slave_Config_En==0){
	
	Master-Slave configuration turned off

	    For ( n=0; n< Number of Reports; n++){
	
	

	   If (report configuration included == 1) {
	-
	-

	FFB_Report_Config
	variable
	Define the FFB report description

	}
	-
	-

	      }
	
	

	   }
	
	

	       Else{
	
	Master-Slave configuration turned on

	      Default_Master_Config{
	
	

	         Master_Toggle_En
	1
	0: The status of this report remains ‘Master’ throughout the FFB_Allocation

1: The status of this report can change to ‘Slave’ during the course of FFB_Allocation

	       If (Master_Toggle_En ==1){
	
	

	            Toggle_Type
	1
	0: Implicit (E.g. Based on mode of operation for the last allocated resource)

1: Explicit (E.g. Based on signaling Message such as Mode_Switch_IE)

	            If(Toggle_Type==1){
	
	

	              Toggle_Signal 
	1[TBD]
	0: Zone_Switch_IE/Mode_Switch_IE

1: TBD

	              }
	
	

	          }
	
	

	      FFB_Report_Config
	variable
	Define the FFB report description

	      }
	
	

	      For(n=0; n< Number of Reports-1; n++){
	
	

	          Slave_Config{
	
	

	             If(Master_Toggle_En ==1){
	
	

	                  Slave_Toggle_En
	1
	0: Status of FFB Report is always ‘Slave’

1: Status of FFB Report toggles to ‘Master’ based on ‘Toggle_Type’ & if applicable, ‘Toggle_Signal’

	             }
	
	

	             FFB_Report_Config
	variable
	Define the FFB report description

	          }
	
	

	     }
	
	

	     Slave_Feedback_Cycle (c)
	3 [TBD]
	Slave FFB reports are feedback at every 2cth FFB opportunity & each slave report is feedback at (n-1)th Slave_FFB opportunity

	}
	
	

	Padding
	variable
	Number of bits required to align to byte length, shall be set to zero.

	}
	-
	-


Table 1 FFB Allocation IE
· Period (p): Defines FFB Report interval in terms of number of frames/subframes/half-frames (2p). [Recommendation: Half-frame so that up to two FFB reports can be supported per frame; which may be beneficial for high mobility users in the 4-SP case].
· Frame/Super-frame Offset: TBD if Frame or Superframe offset to be used. Superframe offset may require less number of bits than Frame offset.[Recommendation: Superframe -  to reduce the required number of bits]

· Allocation Bitmap: Defines the UL subframes that have the FFB resource allocation; required for determining the FFB opportunity. For e.g. there may be multiple FFB opportunities within a single frame.

· Duration (d): Duration in terms of number of frames/superframes (2d) for which the FFB_Alloc_IE. [Recommendation: Superframe -  to reduce the required number of bits]
· Number of Report: Number of multiple reports supported on the same FFB Channel.

· Master-Slave_Config_En: If on, this parameter allows the FFB report tagged as ‘Master’ to be feedback at a configurable faster rate than the reports tagged as ‘Slave’.

· Master_Toggle_En: If on, this parameter allows the status of the current ‘Master’ report to be swapped with one of ‘Slave’ reports.

· Toggle_Type: Defines whether the ‘Master((Slave’ toggle occurs based on implicit or explicit toggle signal. As an example of implicit signal, last configured zone for an allocated data resource determines the report that should be tagged as ‘Master’. 

· Toggle_Signal: Defines the explicit signalling message to be used to determine the report that should be tagged as ‘Master’. One such message may be DL_STC_Zone_Switch_IE. Others like ‘Mode_Switch_IE’ may be defined. Accordingly, number of bits required to define this parameter is TBD.

· Slave_Toggle_En: If on, this parameter indicates that the status of the report is allowed to switch from ‘Slave’ to ‘Master’.

· Slave_Feedback_Cycle (c): A ‘Slave’ is feedback at every ‘c’th FFB opportunity. Further, in case of multiple ‘Slave’ reports, each ‘Slave’ report is feedback in turn at the ‘Slave’ FFB opportunity in the same order as defined in the FFB_Alloc_IE.

· FFB_Report_Config: Defines the complete FFB report description including but not limited to type (Effective or Physical CINR); Mode of operation for CINR based on Pilot/Data subcarriers (Reuse 1, Reuse 3, MIMO A, MIMO B, SU or MU-MIMO, permutation zones); MIMO Feedback (PVI, RI); averaging parameter; etc.

2.5   Implementation Examples

The proceeding sub-sections provide implementation scenarios in order to provide a better insight of the underlying concept and highlight the efficacy of the proposed FFB signaling mechanism.
2.5.1 FFR

Fractional Frequency Reuse (FFR) is a well-known interference mitigation technique and for a basic FFR implementation, the BS requires feedback reports defined in Table 2 from MS for RRM and Link Adaptation whereas the corresponding relevant FFB_Alloc_IE settings are defined in Table 3.

	Report
	Purpose

	PilotCINR1
	Used for: Link adaptation

	
	Mode of Operation: Reuse 1

	PilotCINR3
	Used for: Link adaptation

	
	Mode of Operation: Reuse 3

	PreCINR1
	Used for: Mode adaptation

	
	Mode of Operation: N/A


Table 2 FFB Reports required for FFR

	Parameter
	Value

	FFB Period
	1 Frame

	Number of Reports
	3

	Master_Slave_Config_En
	Yes

	Default Master
	FFB_Report
	Pilot_CINR1

	
	Master_Toggle_En
	On

	
	Toggle_Type
	Implicit (based on last data resource allocation)

	Number of Slaves
	2

	Slave 1
	FFB_Report
	Pilot_CINR3

	
	Slave_Toggle_En
	On

	Slave 2
	FFB_Report
	Preamble_CINR1

	
	Slave_Toggle_En
	Off

	Slave_Feedback_Cycle
	Every 4th FFB Opportunity


Table 3 FFB Settings for Reports required for FFR

Figure 6 illustrates the mechanism for a frame structure case with the frame comprising of 5 DL sub-frames and 3 UL sub-frames. Based on the FFB_Alloc_IE parameters of Table 3, the FFB opportunity appears once every frame and as per the Slave_Feedback_Cycle, the Slave report opportunity appears once every 4 FFB report opportunities. Accordingly, the ‘Master’, ‘Slave 1’ & ‘Slave 2’ opportunities are depicted along time in subsequent frames after the FFB_Alloc_IE is issued. Thus the multiple reports are fed back as per their default tags (Master or Slave) on the corresponding FFB opportunity. Further, every time a change in configuration occurs from Reuse1 to Reuse3 or vice-versa (detected implicitly based on Data Resource Allocation), the ‘Master’ and ‘Slave’ flags are accordingly revised for the FFB reports. This allows for the Link Adaptation to closely synchronize with the Mode Adaptation leading to efficient RRM without latency or signalling overhead.
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Figure 1 Illustration of FFB signaling with “Rate Adaptive” interleaved reports

2.5.2 OL Adaptive MIMO Switching with FFR

As another advanced case, a given deployment may support Adaptive MIMO Switching (AMS) to choose between Spatial Multiplexing (SM) based on MIMO Matrix B and Space time block coding (STBC) based on MIMO Matrix A. At the same time, FFR is also supported. In such a scenario, the FFB reports required for Link adaptation as well as Mode adaptation are described in Table 4. All the four FFB Reports are configured so that any can be tagged as ‘Master’ based on the Mode Change Signalling (implicit in this example). By default, Pilot_CINR1_A report is configured as the ‘Master’ FFB Report.

	Report
	Purpose

	Pilot_CINR1_A
	Used for: Mode & Link adaptation

	
	Mode of Operation: Reuse 1, STBC

	Pilot_CINR1_B
	Used for: Mode & Link adaptation

	
	Mode of Operation: Reuse 1, SM

	Pilot_CINR3_A
	Used for: Mode & Link adaptation

	
	Mode of Operation: Reuse 3, STBC

	Pilot_CINR3_B
	Used for: Mode & Link adaptation

	
	Mode of Operation: Reuse 3, SM


Table 4 FFB Reports required for FFR with AMS

	Parameter
	Value

	FFB Period
	1 Frame

	Number of Reports
	4

	Master_Slave_Config_En
	Yes

	Default Master
	FFB_Report
	Pilot_CINR1_A

	
	Master_Toggle_En
	On

	
	Toggle_Type
	Implicit (based on last data resource allocation)

	Number of Slaves
	3

	Slave 1
	FFB_Report
	Pilot_CINR1_B

	
	Slave_Toggle_En
	On

	Slave 2
	FFB_Report
	Pilot_CINR3_A

	
	Slave_Toggle_En
	Off

	Slave 3
	FFB_Report
	Pilot_CINR3_B

	
	Slave_Toggle_En
	On

	Slave_Feedback_Cycle
	Every 4th FFB Opportunity


Table 5 FFB Settings for Reports required for FFR with AMS

2.6   Summary
The proposed mechanism introduces the necessary signaling that enables the BS to instruct the MS to alternatively report a number of different measurements on the same FFB channel and at the same time adapt the rate of these multiple reports as appropriate to the current radio configuration.  In this case, radio configuration is defined as the physical layer operating mode of the MS whether it be, for example, MIMO A, MIMO B, Re-use-1, Re-use-3, Localized or Distributed sub-channelization.  The proposed mechanism shall allow the BS to collect the desired information with respect to the MSs’ current or long term channel conditions and ultimately allow efficient management of resources without unnecessarily increasing the signalling and uplink FFB channel overhead.
If we take into account the fact that, in general, the change in radio configuration (operating mode) happens due to long-term changes in the MS’s channel conditions while the link adaptation is based on short-term changes in the channel, it becomes clear that only the report corresponding to the current operating mode is required at a fast rate while other reports may arrive at longer, staggered intervals. Considering these factors, the required measurements can be accommodated on a single FFB channel by:

i. Configuration of multiple feedback reports that are time-interleaved on the same FFB channel for a given MS.

ii. Defining a default Master FFB Report corresponding to the current physical layer operating mode; these should be fed back from the MS at a faster rate.

iii. Defining optional Slave FFB Reports required for configuration adaptation and switching; these should be fed back from the MS at a slower rate.

iv. Defining the Trigger that allows for the ‘Master (( Slave’ toggle so that when the preferred radio configuration changes at the MS, the Master Report changes accordingly.

v. Defining the Slave_Feedback_Cycle that indicates how often the Slave Reports are time-interleaved between Master Reports.

vi. Letting the MS interleave and alternate the Slave Reports in between the Master Reports as per the defined Slave_Feedback_Cycle.

Thus, the BS can be provided with all the necessary information to effectively assign the MSs to any of the applicable PHY Layer Operating Modes.  Moreover, the BS will also have the desired information to accurately assign an appropriate MCS (Modulation and coding scheme) for the specific mode/zone in which the MS has been allocated data. 
For instance, when the BS decides to change the physical layer operating mode of a particular MS, it will have prior knowledge of the radio characteristics that the MS will experience under the different modes of operation. Further, the status and rate of the required report for Link Adaptation is automatically updated whenever the MS is allocated data using a new mode of operation (where the mode is chosen by the BS).

Note also that the BS may indicate the change in operating mode to the MS by means of Mode_Change signalling message (for e.g. Mode_Switch_IE) or it may be implicit depending on how a resource-block has been allocated to a given MS in the DL.

In order to accomplish this, a unicast control message such as a FFB_Alloc_IE is required to ensure that during the allocation stage, all the above are captured in the message so that once initialized, it need not be re-allocated for a given MS, irrespective of how the MS’s channel condition changes. The proposed FFB_Alloc_IE generated by the BS would be similar to that described in section 2.4 while the corresponding procedures are described in section 2.7 for informative purpose. 

2.7   Fast Feedback Signalling Procedures
2.7.1 FFB_Alloc_IE

i. Define IE details including Ext UIUC, Length, ID, Allocation Offset.

ii. Define FFB Period ‘p’ in terms of number of half-frames/frames.

iii. Define FFB Offset for 1st FFB Report in terms of Superframe Offset, Frame Offset and Subframe Bitmap.

iv. Define FFB Duration ‘d’ for which the FFB_Alloc_IE is valid.

v. Define the number of FFB Reports ‘n’ for the UL FFB Channel.

vi. If d==0 (implies FFB_Alloc_IE is de-allocated), go to Step xx.

vii. If n=<1, go to Step x.

viii. Set ‘Master-Slave_Config_En’ flag.

ix. If Master-Slave_Config_En==1, go to Step xiv.

x. Set counter i=1.

xi. Provide FFB Report Description for the ith FFB Report.

xii. Increment counter ‘i'.

xiii. If i>n, go to Step xx else go to Step xi.

xiv. Provide “Master FFB Report Description” (described in 2.5.2).

xv. Set counter i=1.

xvi. Provide “ith Slave FFB Report Description” (described in 2.5.3).
xvii. Increment counter ‘i'.

xviii. If i<(n-1), repeat Steps xvi through xvii.

xix. Define ‘Slave_Feedback_Cycle’ in terms of ‘mth’ FFB Opportunity.

xx. Add padding bits if required.

xxi. End of FFB_Alloc_IE
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Figure 2 Example of  FFB_Alloc_IE
2.7.2 Master FFB Report Description

i. Set the flag ‘Toggle_En’ for the default Master FFB Report. Value ‘1’ implies that the role of the report may change to ‘Slave’ based on ‘Toggle Trigger’. Value ‘0’ implies that the report is always ‘Master’.

ii. If Toggle_En == 0, go to Step vi.
iii. Set Toggle_Type which defines whether the status of ‘Master’ FFB report switches to ‘Slave’ based on explicit (1) or implicit (0) signaling.
iv. If Toggle_Type == 0, go to Step vi.
v. Set Toggle_Signal which defines the explicit signal message which should be used for determining the when the status of the ‘Master’ report may be toggled to ‘Slave’. E.g. A type of Mode_Change Signalling Message like Mode_Switch_IE.
vi. Set Report Type. This describes whether the report is expected for a given mode of operation (Config Report) or for Preamble (Preamble Report). It may or may not include further details like whether the measurement is based on Physical or Effective SINR and in case of Preamble Report, whether it is meant for Reuse 1 or Reuse 3 zone.
vii. If Report Type == Preamble Report, go to Step 8.
viii. Set Mode which describes exactly the Physical layer mode of operation for which the FFB report is expected.
ix. Set Measurement Type which indicates whether the measurement is carried out on Pilot or Data subcarriers.
x. End of Master FFB Report Description.
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Figure 3 Master FFB Report Description
2.7.3 Slave FFB Report Description

i. For Master FFB Report, if Toggle_En == 0, go to Step iii.
ii. Set the flag ‘Toggle_En’ for the Slave FFB Report. Value ‘1’ implies that the role of the report may change to ‘Master’ based on ‘Toggle Trigger’ defined for Master FFB Report. Value ‘0’ implies that the report is always ‘Slave’.

iii. Set Report Type. This describes whether the report is expected for a given mode of operation (Config Report) or for Preamble (Preamble Report). It may or may not include further details like whether the measurement is based on Physical or Effective SINR and in case of Preamble Report, whether it is meant for Reuse 1 or Reuse 3 zone.
iv. If Report Type == Preamble Report, go to Step vii.
v. Set Mode which describes exactly the Physical layer mode of operation for which the FFB report is expected.
vi. Set Measurement Type which indicates whether the measurement is carried out on Pilot or Data subcarriers.
vii. End of Slave FFB Report Description.
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Figure 4 Slave FFB Report Description
2.7.4 FFB Reporting Mechanism at MS

i. Decode and save the received FFB_Alloc_IE.
ii. Send acknowledgement to the BS, for e.g. a message like Alloc_ACK (or implicitly in form of UL-MAP_ACK).
iii. Check if this is a valid FFB reporting opportunity, if not, go to Step xvi.
iv. Prepare FFB Reports.
v. If Number of Reports ==1, go to Step xiv.

vi. If Master-Slave_Config_En !=1, go to Step xiv.

vii. Check if it’s the first opportunity since FFB_Alloc_IE was issued. If ‘yes’, go to Step xviii.
viii. Based on the Master/Slave Flags saved in the buffer, update the Master/Slave status of all FFB reports.
ix. Check if the Toggle_En Flag of the Master FFB Report is set to ‘1’. If not, go to Step xiv.
x. Check the Mode_Change signalling to decide if the Master Report should toggle to Slave.
xi. If the status of Master should not be toggled to Slave, go to Step xiv.
xii. Send an acknowledgement to the BS confirming the change in operating mode by means of a message like Mode_Change_ACK.
xiii. Choose new Master from the list of Slaves which have the flag Toggle_En set to ‘1’. Save these new status flags into the buffer which will be accessed for updating flags in Step viii.
xiv. Call the function FFB_Report (described in 2.7.5), which determines which among the available Master or multiple Slave reports should be fed back to the BS.
xv. Send the FFB_Report to the BS.
xvi. Increment the sub-frame.
xvii. Check if FFB_Duration has expired. If yes, go to Step xix (END), if not, go to Step iii.
xviii. Send Master FFB Report to the BS and go to Step xvi.
xix. End.
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Figure 5 FFB Report Mechanism at the MS
2.7.5 FFB Report – Selection Mechanism
i. Define n = Number of FFB Reports.

ii. Define N = FFB_Opportunity (count).

iii. If Master-Slave_Config_En != 1, go to Step ??.

iv. Define m = Slave_Feedback_Cycle.

v. Define ‘M’ = Master_Rep.

vi. Define [S1, S2, ….Sn-1] = (n-1) Slave_Rep.

vii. If MOD(N,m) != 0, go to Step xii.

viii. Define Slave_Index = MOD[(N/m),(n-1)].

ix. If Slave_Index != 0, go to Step xi.

x. Slave_Index = n-1.

xi. Set FFB_Rep = SSlave_Index, go to Step xviii
xii. Set FFB_Rep = ‘M’, go to Step xviii
xiii. Define [S1, S2, ….Sn] = (n) Report.

xiv. Define FFB_Index = MOD(N,n).

xv. If FFB_Index != 0, go to Step xi.

xvi. Set FFB_Rep = Sn, go to Step xviii
xvii. Set FFB_Rep = SFFB_Index
xviii. END
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Figure 6 FFB Report - Selection Mechanism
3. Proposed Text

Add the following text to the IEEE 802.16m Amendment Working Document [4].

      ---------------------------------------------------- Text Start --------------------------------------------------------

[Add new section 15.2.x , Periodic Fast-Feedback Operation with Fast-Feedback Channel]

15.2.x Periodic Fast-Feedback Report Operation with Fast-Feedback Channel
As soon as the BS and the MS know the capabilities of both the entities, the BS may allocate an UL FFB channel to the MS by means of a FFB Allocation IE for periodic FFB Reports. The FFB Reports are primarily those indicating the Channel State Information (CSI) of the MS; however, the scope and the method of generating these reports is TBD. 
15.2.x.1 BS Operation
The BS issues a unicast UL control message to the MS by means of Fast Feedback Allocation IE (15.3.x.y) in order to allocate or de-allocate resource to the MS on the UL FFB Channel.  The message shall include the following information:
· The information pertaining to the identification and location of UL resource for FFB report as well as the periodicity of the FFB report.

· The number and description of multiple FFB reports that are time-interleaved on the same FFB channel for a given MS.

· The configuration options including allocation/de-allocation and Master-Slave_Config_En flag.
· The configuration options and FFB Report Description for all FFB Reports (if the Master-Slave Configuration option is off).

· If applicable, the configuration options and FFB Report description for the default Master FFB Report. Typically, the Master FFB report corresponds to the CSI of the current or default physical layer operating mode; these shall be configured to be reported at a rate faster than that of the Slave FFB reports.

· If applicable, the configuration options and FFB Report Description for all Slave FFB Reports. Typically, the Slave FFB reports are used by the BS for configuration adaptation or for Link adaptation during change in PHY Layer Operating Mode or both. The Slave FFB Reports shall be configured to be reported at a rate lower than that of Master FFB Report.
· If applicable, the ‘Trigger’ information that should be used to update the Master/Slave status of FFB Reports.
· If applicable, the Slave_Feedback_Cycle that indicates how often the Slave FFB Reports are time-interleaved between Master FFB Reports.

15.2.x.2 MS Operation
After an MS successfully decodes the FFB_Alloc_IE, it shall follow the following procedure (except when the FFB_Alloc_IE is issued to de-allocate UL FFB resource):

· Register the information pertaining to the UL sub-frame instant at which the first FFB report needs to be transmitted and also the periodicity of the transmission.

· Generate and prepare the FFB reports at required sub-frame instances and if applicable, update the Master or Slave status of the FFB Reports based on the Trigger information.

· Transmit the FFB Reports in a time-interleaved fashion in the same order as that defined within the FFB_Alloc_IE, if Master-Slave Configuration is switched off.
· Transmit the Master and Slave FFB Reports based on the Slave_Feedback_Cyle as defined in the FFB_Alloc_IE, if Master-Slave Configuration is switched on. In case of multiple Slave FFB reports, these are time-interleaved at every Slave FFB opportunity and transmitted in the same order as defined in the FFB_Alloc_IE.
[Add new section 15.3.x.y , Fast Feedback Allocation IE]

15.3.x.y FFB Allocation IE
FFB Allocation IE shown in Table xxx is a unicast UL Control Message shall be used to define periodic allocation or de-allocation on the UL FFB Channel for an MS. 
	
Syntax

	Size (bit)
	Notes

	FFB_Allocation_IE () {
	-
	-

	Extended UIUC
	[TBD]
	FFB=0x03 [TBD]

	Length
	[TBD]
	Length in bytes

	FFB_ID
	variable
	Index to uniquely identify the FFB resource assigned to the MS. The size of this field is dependent on system parameter defined in UCD.

	Allocation offset
	[TBD]
	Index to the fast feedback channel region marked by UIUC = 0.

	Period (p)
	[TBD]
	One or more fast feedback reports are transmitted on the FFB channel every 2p frames.

	Allocation Bitmap
	8
	Pattern defining UL sub-frames of a Frame with Fast feedback report allocation

	Frame or Superframe offset
	[TBD]
	The MS starts reporting at the frame/Superframe [TBD] of which the number has the same 3 LSB as the specified frame/ Superframe offset. If the current frame/ Superframe is specified, the MS should start reporting in eight frames or two superframes.

	Duration (d)
	3
	A Fast feedback report is transmitted on the FFB channels indexed by the FFB_ID for 10 x 2d frames/ Superframe. If d == 0, the FFB channel is deallocated. If d == 0b111, the MS should report until the BS command for the MS to stop.

	Report configuration included
	1
	Update to FFB report configuration is included.

	Number of Reports (n)
	[TBD]
	Number of reports supported on the FFB Channel is 2n

	If (Number of Reports > 1){
	
	

	     Master-Slave_Config_En
	1
	0: All reports are feedback at same rate such that each of the multiple reports is reported at nth FFB opportunity where n is the number of reports

1: Master FFB Report is reported at a different rate than the Slave FFB Reports

	}
	
	

	If (Master-Slave_Config_En==0){
	
	Master-Slave configuration turned off

	    For ( n=0; n< Number of Reports; n++){
	
	

	   If (report configuration included == 1) {
	-
	-

	FFB_Report_Config
	variable
	Define the FFB report description

	}
	-
	-

	      }
	
	

	   }
	
	

	       Else{
	
	Master-Slave configuration turned on

	      Default_Master_Config{
	
	

	         Master_Toggle_En
	1
	0: The status of this report remains ‘Master’ throughout the FFB_Allocation

1: The status of this report can change to ‘Slave’ during the course of FFB_Allocation

	       If (Master_Toggle_En ==1){
	
	

	            Toggle_Type
	1
	0: Implicit (E.g. Based on mode of operation for the last allocated resource)

1: Explicit (E.g. Based on signaling Message such as Mode_Switch_IE)

	            If(Toggle_Type==1){
	
	

	              Toggle_Signal 
	[TBD]
	0: Zone_Switch_IE/Mode_Switch_IE

1: TBD

	              }
	
	

	          }
	
	

	      FFB_Report_Config
	variable
	Define the FFB report description

	      }
	
	

	      For(n=0; n< Number of Reports-1; n++){
	
	

	          Slave_Config{
	
	

	             If(Master_Toggle_En ==1){
	
	

	                  Slave_Toggle_En
	1
	0: Status of FFB Report is always ‘Slave’

1: Status of FFB Report toggles to ‘Master’ based on ‘Toggle_Type’ & if applicable, ‘Toggle_Signal’

	             }
	
	

	             FFB_Report_Config
	variable
	Define the FFB report description

	          }
	
	

	     }
	
	

	     Slave_Feedback_Cycle (c)
	[TBD]
	Slave FFB reports are feedback at every 2cth FFB opportunity & each slave report is feedback at (n-1)th Slave_FFB opportunity

	}
	
	

	Padding
	variable
	Number of bits required to align to byte length, shall be set to zero.

	}
	-
	-


Table xxx – FFB Allocation IE
· Period (p): Defines FFB Report interval in terms of number of frames/subframes/half-frames (2p). [Recommendation: Half-frame so that up to two FFB reports can be supported per frame; which may be beneficial for high mobility users in the 4-SP case].
· Frame/Super-frame Offset: TBD if Frame or Superframe offset to be used. Superframe offset may require less number of bits than Frame offset.[Recommendation: Superframe -  to reduce the required number of bits]

· Allocation Bitmap: Defines the UL subframes that have the FFB resource allocation; required for determining the FFB opportunity. For e.g. there may be multiple FFB opportunities within a single frame.

· Duration (d): Duration in terms of number of frames/superframes (2d) for which the FFB_Alloc_IE. [Recommendation: Superframe -  to reduce the required number of bits]
· Number of Report: Number of multiple reports supported on the same FFB Channel.

· Master-Slave_Config_En: If on, this parameter allows the FFB report tagged as ‘Master’ to be feedback at a configurable faster rate than the reports tagged as ‘Slave’.

· Master_Toggle_En: If on, this parameter allows the status of the current ‘Master’ report to be swapped with one of ‘Slave’ reports.

· Toggle_Type: Defines whether the ‘Master((Slave’ toggle occurs based on implicit or explicit toggle signal. As an example of implicit signal, last configured zone for an allocated data resource determines the report that should be tagged as ‘Master’. 

· Toggle_Signal: Defines the explicit signalling message to be used to determine the report that should be tagged as ‘Master’. One such message may be DL_STC_Zone_Switch_IE. Others like ‘Mode_Switch_IE’ may be defined. Accordingly, number of bits required to define this parameter is TBD.

· Slave_Toggle_En: If on, this parameter indicates that the status of the report is allowed to switch from ‘Slave’ to ‘Master’.

· Slave_Feedback_Cycle (c): A ‘Slave’ is feedback at every ‘c’th FFB opportunity. Further, in case of multiple ‘Slave’ reports, each ‘Slave’ report is feedback in turn at the ‘Slave’ FFB opportunity in the same order as defined in the FFB_Alloc_IE.

· FFB_Report_Config: Defines the complete FFB report description including but not limited to type (Effective or Physical CINR); Mode of operation for CINR based on Pilot/Data subcarriers (Reuse 1, Reuse 3, MIMO A, MIMO B, SU or MU-MIMO, permutation zones); MIMO Feedback (PVI, RI); averaging parameter; etc.

4. References
[1] IEEE 802.16m-08/003r5, “IEEE 802.16m System Description Document”

[2] IEEE 802.16m-07/002r6, “IEEE 802.16m System Requirements”

[3] IEEE 802.16m-08/050 “IEEE 802.16m Amendment Working Document”
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