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Proposed Sub-band group resource allocation mechanism (16.2.9)
Yaniv Weizman, Ariel Doubchak, Erez Biton
Alvarion.
Problem Statement
Group allocation is known as efficient way to allocate resource to users with similar traffic characteristics. However, group resource allocation does not support sub-band allocations. Currently, multiple subband allocations for AMSs within the same subframe enforce the use of multiple subband resource allocation IE, which lead to significant maps overhead. 
Suggested Solution
In the following, based on the methods defined for GRA as well as subband allocations, we propose a method for sub-band group resource allocation.
The following changes/additions can be summarized as follows:

· The current Group Resource Allocation A-MPA IE is newly termed as Basic Group Resource Allocation A-MAP IE (using same resource indexing as Basic Assignment A-MPA IE) and new Subband Group Resource Allocation A-MAP IE is introduced (using the same resource indexing as used for Subband Assignment A-MAP IE).

· The Group Configuration MAC control message is modified to support subband group configuration.

· New Subband Group Resource Allocation A-MAP IE is defined.

· Other changes required across the specification to support both types of GRA are listed.
Suggested Standard Modifications
Modify text in page 141, line 47 in section 16.2.3.48, as follows:

Group Configuration MAC Control message is used for group management when using Group Resource Allocation, both for basic and subband allocations. This message is used to inform an AMS that one of its flows has been added to or deleted from a GRA group.
-- Group Configuration Message

AAI-GRP-CFG ::= SEQUENCE { 

messageType 
OCTET STRING (SIZE(1)), 

-- identify the flow to be added or deleted

flowId INTEGER (0..15),

-- Signals whether the group corresponds to basic or subband allocations.

basicSubbandIndicator ENUMERATED { 

basicAllocation (0),

subbandAllocation (1) 

}

-- Signals whether the group corresponds to DL allocations or UL allocations.

dlUlIndicator ENUMERATED { 

dlAllocation (0),

ulAllocation (1) 

}
-- present when a flow is added to a GRA 

graInfoForAddedFlow GroupRsrcAllocInfo OPTIONAL 

}

GroupRsrcAllocInfo ::= SEQUENCE { 

-- ID of the group to which the flow is added 

groupId BIT STRING (SIZE(12)),
-- Defines number of subframes spanned by the allocated resource

-- If number of DL AAI subframes, D is less than number of UL AAI

-- subframes, U, and dlUlIndicator = 0b1, then longTtiIndicator = 0b1. 

longTtiIndicator 
ENUMERATED { 

 
oneSubframe (0), 

fourSubframe (1) 

} DEFAULT oneSubframe, 

-- the periodicity with which the corresponding GRA A-MAP IE will be 

-- transmitted. 

periodicity 

ENUMERATED { 

oneFrame (0), 

twoFrame (1), 

fourFrame (2), 

eightFrame (3)}, 

-- Signals the 2-bit MIMO mode set corresponding to this group. 

mimoModeSet 

ENUMERATED { 

mode0 (0), 

mode1and2 (1), 

mode2 (2), 

mode2and4 (3)},
-- The size of user bitmap in bits. The size determines the maximum 

-- number of flows that can be supported in one group 

userBitmapSize 

ENUMERATED { 

four (0), 

eight (1), 

mode2 (2), 

mode2and4 (3)}, 

-- Signals index of the flow in group's user bitmap 

userBitmapIndex INTEGER (0..31), 

-- Signals the starting ACID of the range of ACIDs assigned to the 

-- GRA flow
initialAcid 
INTEGER (0..15), 
-- The number of ACIDs assigned to the GRA flow 

numberOfAcid 

INTEGER (0..7),
-- For Subband group resource allocation, resource sizes list shall not be added to message.

burstSizeList 

BurstSizeList OPTIONAL, 

resourceBitmapList 
ResourceBitmapList OPTIONAL 

} 
BurstSizeList ::= SEQUENCE (SIZE (1..4)) OF INTEGER (0..31)

ResourceBitmapList ::= SEQUENCE (SIZE (1..4)) OF ResourceBitmap

ResourceBitmap::= SEQUENCE { 

resourceInclusionBitmap 
   BIT STRING { 

b0 (0), -- Bitmap to signal which 

b1 (1), -- 8 resource sizes are 

b2 (2), -- supported in the group 

b3 (3), -- out of the range of 

b4 (4), -- [1,16] LRUs supported 

b5 (5), -- for Basic GRA. If nth bit n 

b6 (6), -- the bitmap is set to1, 

b7 (7), -- it signals that are 

b8 (8), -- source size of n LRUs 

b9 (9), -- is supported in the 

b10 (10), -- group. 

b11 (11), 

b12 (12), 

b13 (13), 

b14 (14), 

b15 (15)} (SIZE(16)) OPTIONAL
}

Modify text in page 249, line 37 in section 16.2.9.3.1, as follows:

Addition of an AMS to a group occurs when group resource allocation is initialized for the AMS or when an AMS in a group moves to another group. For inclusion, all the group information that is required to interpret resource assignment information from Basic Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE shall be signalled signaled to an AMS. The information is transmitted through a unicast Group Configuration MAC control message. Note that the addition of a flow to a group for Group Resource Allocation does not preclude the use of individual or dynamic allocations for packets of that flow.
Modify text in page 249, line 64 in section 16.2.9.3.1.2, as follows:

Upon receiving Group Configuration MAC control message, the AMS knows the group ID of the group to which it is added, the periodicity of group resource allocation and the AMS's index in the group's user bitmap. In addition, the AMS receives the required information to interpret the assigned MIMO mode, HARQ burst size and resource size from the bitmaps in the corresponding Basic Group Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE. Once the AMS successfully acknowledges a Group Configuration MAC control message, starting the next frame, the AMS shall monitor its allocation in the corresponding Basic Group Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE until it is all its flows are deleted from the group.
Modify text in page 250, line 48 in section 16.2.9.4, as follows:

For Basic Group resource allocation an An ABS shall provide contiguous allocations to the AMSs belonging to a group, which have the correspond​ing bit in the user bitmap set to '1'. The order of resource allocation shall be the same as the order in which they appear in the group's user bitmap. If there is no transmission for a given AMS in a certain AAI sub​frame, then the ABS shall set the corresponding bit in the user bitmap to '0'. 
When an AMS receives a Basic Group Resource Allocation A-MAP IE in which the corresponding bit in user bitmap is set to '1', then the AMS shall decode the remaining bitmaps to determine other attributes of the allocated resource. An AMS shall determine the location of its allocation by counting the resource allocation sizes of other AMSs appearing before it in the user bitmap. If an AMS does not receive the Basic Group Resource Alloca​tion A-MAP IE in any of the AAI subframes of a frame in which the IE was expected, then the AMS shall assume no allocations for the group in that frame.
For Subband Group resource allocation an ABS shall provide  subband resource allocations to the AMSs belonging to a group, which have the correspond​ing bit in the user bitmap set to '1'. The order of resource allocation shall be the same as the order in which they appear in the group's user bitmap. If there is no transmission for a given AMS in a certain AAI sub​frame, then the ABS shall set the corresponding bit in the user bitmap to '0'. 
When an AMS receives a Subband Group Resource Allocation A-MAP IE in which the corresponding bit in user bitmap is set to '1', then the AMS shall decode the remaining bitmaps to determine other attributes of the allocated resource. An AMS shall determine the location of its allocation by decoding the subband resource index. If an AMS does not receive the Subband Group Resource Alloca​tion A-MAP IE in any of the AAI subframes of a frame in which the IE was expected, then the AMS shall assume no allocations for the group in that frame.
The ACID corresponding to a resource allocated to an MS in a given frame is not explicitly signaled in the Basic Group Resource Allocation A-MAP IE or Subband Group Resource Alloca​tion A-MAP IE. The ACIDs for an AMS implicitly cycle in the ACID range defined in section 16.2.9.3.1.2. The ACID for an allocation shall be determined using the following formula.
Modify text in page 251, line 22 in section 16.2.9.4, as follows:

Where Superframe_Number is the current superframe number and Frame_Offset is the offset of the current frame with respect to the start of the corresponding superframe and 0≤Frame_Offset≤3. The Frame_Number parameter corresponds to the frame in which the Basic Group Resource Allocation A-MAP IE or Subband Group Resource Alloca​tion A-MAP IE is transmitted.
If the calculated ACID is still performing retransmissions of a previous packet, then the previous packet shall be dropped and the ACID shall be freed for the new allocation. The packet drop shall happen in the frame in which Basic Group Resource Allocation A-MAP IE or Subband Group Resource Alloca​tion A-MAP IE is received.
Modify text in page 251, line 36 in section 16.2.9.4.1, as follows:

The ABS uses bitmaps to signal resource allocation information for AMSs within a group. These bitmaps are sent in the Basic Group Resource Allocation A-MAP IE or Subband Group Resource Alloca​tion A-MAP IE. The first bitmap is the User Bitmap which uses 1 bit per AMS to signal which users are scheduled in the frame. The user bitmap size can be 8, 16 or 32 bits. Each AMS belonging to the group shall be assigned a unique index in the User Bitmap of that group. The bitmap size for a given group shall remain fixed. As AMSs are deleted from the group, some bit indices in the user bitmap may become empty or unassigned. These empty bits may be assigned to new users as they are added to the group.
Modify text in page 252, line 45 in section 16.2.9.4.1, as follows:

Where R0 is the resource offset of the group as signalled signaled in the DL/UL Basic Group Resource Allocation A-MAP IE and Lj is the resource size in LRUs of the AMS in the group whose user bitmap index is j.
Modify text in page 252, line 18 in section 16.2.9.4.1, as follows:

The third bitmap is the Resource Allocation bitmap which has different encoding for a basic group resource allocation and a subband group resource allocation. 
For a basic group resource allocation, the Resource Allocation bitmap uses 2 bits per AMS to signal HARQ burst size and 3 bits per AMS to signal the Resource Size for the scheduled AMS in the AAI subframe or extended AAI subframe that are scheduled in the frame. The resource size refers to the number of LRUs allocated to the AMS. The resource size supported in GRA is limited to 16 LRUs. Each group supports eight resource sizes for each burst size supported in the group. The set of resource sizes for each burst size belong to the range [1,16] LRUs. The set of HARQ burst sizes and resource sizes supported in the group is signaled in the Group Configuration MAC control message. AMS i calculates the starting location of its own resources in the AAI subframe as follows.
Modify text in page 253, line 23 in section 16.2.9.4.1, as follows:

For a basic group resource allocation, the Resource Allocation bitmap uses 2 bits per AMS to signal HARQ burst size as within GRA and 11 bits per AMS to signal sub-bands allocated the for the scheduled AMS in the AAI sub-frame or extended AAI sub-frame that are scheduled in the frame. The sub-band bitmap interpretation should be similar to that defined for the Sub-band Resource Allocation IE for the Resource Index field (BW and number of sub-bands defined within sub-frame).

Examples of utilizing the bitmaps are shown in Figure 427 and Figure 428.
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Figure XXX—Example of Subband GRA Bitmaps for Group MIMO Mode Set: DL (0b01), UL(0b01)
Modify text in page 288, line 32 in section 16.2.14.3, as follows:

16.2.14.3 Group Resource Allocation HARQ signaling and timing
16.2.14.3.1 Downlink
Upon receiving a DL Basic Group resource allocation A-MAP IE or a Subband Group Resource Alloca​tion A-MAP IE, the scheduled AMS attempts to decode the data burst intended for it. If the decoding is successful, AMS shall send a positive acknowledgement to ABS; otherwise, AMS shall send a negative acknowledgement to ABS.
With DL group resource allocation, the HARQ retransmissions shall be allocated individually. For a basic group resource allocation, HARQ retransmissions shall be done by using a DL Basic Assignment A-MAP IE, as described in 16.2.14.2.1.1. For a subband group resource allocation, HARQ retransmissions shall be done by using a Subband Assignment A-MAP IE, as described in 16.2.14.2.1.1. This DL Basic Assignment A-MAP IE or Subband Assignment A-MAP IE shall carry the same ACID as the one used by the DL Group resource allocation A-MAP IE or the Subband Group resource allocation A-MAP IE respectively for the first HARQ subpacket transmission.

16.2.14.3.2 Uplink
Upon receiving a UL Basic Group resource allocation A-MAP IE or a Subband Group Resource Alloca​tion A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the resource assigned by the UL Basic Group resource allocation A-MAP IE or the Subband Group Resource allocation A-MAP IE. 
ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.
With UL group resource allocation, the HARQ retransmissions shall be allocated individually. HARQ retransmissions shall be done as described in 16.2.14.2.1.2. For a basic group resource allocation, Wwhen a UL Basic Assignment A-MAP IE is sent, the UL Basic Assignment A-MAP IE shall carry the same ACID as the one used by the UL Group resource allocation A-MAP IE for the first HARQ subpacket transmission. For s subband group resource allocation, when a Subband Assignment A-MAP IE is sent, the Subband Assignment A-MAP IE shall carry the same ACID as the one used by the Subband resource allocation A-MAP IE for the first HARQ subpacket transmission.
Modify text in page 347, line 20 in section 16.3.3.1, as follows:

For an AMS operating over carriers with sum of FFT sizes that is 2048 sub-carriers or less, the ABS may allocate it up to 4 DL HARQ bursts (using DL Basic Assignment A-MAP IE, DL Subband Assignment A-MAP IE, DL Persistent Allocation A-MAP IE, or Basic Group Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE) per AAI subframe per AMS. The ABS shall not allocate more than 4 DL HARQ bursts per AAI subframe per AMS. Here, a long TTI burst shall be counted as one burst for each and every AAI subframe that the long TTI burst spans.
Modify text in page 347, line 42 in section 16.3.3.1, as follows:

For an AMS operating over carriers with sum of FFT sizes that is 2048 sub-carriers or less, the ABS may allocate it up to 3 UL HARQ bursts per UL AAI subframe with either UL Basic Assignment A-MAP IE, UL Sub-band Assignment A-MAP IE, UL Persistent Allocation A-MAP IE, or Group Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE. This limitation is regardless of the DL AAI subframes in which the UL assignment A-MAP IEs are transmitted. Here, a long TTI burst shall be counted as one burst for each and every AAI subframe in which it is transmitted.
Modify text in page 347, line 40 in section 16.3.3.1, as follows:

For group resource allocation, the HF-A-MAP resource index for the lth AMS in the GRA allocation is istartlNHFA–MAP–NGRA⁄⋅+() mod NHFA–MAP , where istart is the ACK Channel Offset in the UL group resource allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE, NHF-A-MAP is the total number of HF-A-MAP configured per HF-A-MAP region, and NGRA is the User Bit Map Size in the UL group resource allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE.
Modify text in page 437, line 36 in section 16.3.6.2.2.4, as follows:

All the multicast assignment A-MAP IEs, i.e., all the assignment A-MAP IEs intended for a specific group of AMSs, present in any assignment A-MAP group, shall occupy a contiguous set of MLRUs starting from the beginning of the assignment A-MAP group. If the broadcast assignment A-MAP IE is present in the assignment A-MAP group, the multicast assignment A-MAP IEs are located right after the broadcast assign​ment A-MAP IE. The Basic Group Resource Allocation A-MAP IE is an example of multicast assignment A-MAP IEs.
Modify text in page 442, line 16 in section 16.3.6.3.2.2, as follows:

For group resource allocation, the HF-A-MAP resource index for the lth AMS in the GRA allocation is 
(istart + lNHFA–MAP–NGRA⁄⋅+() mod NHFA–MAP, where istart is the ACK Channel Offset in the UL group resource allocation A-MAP IE, NHF-A-MAP is the total number of HF-A-MAP configured per HF-A-MAP region, and NGRA is the User Bit Map Size in the UL group resource allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE.
Modify text in table 819 page 461, in section 16.3.6.5.2.4, as follows:
	Masking Prefix
	Description

	0b0
	CRC is masked by 1 bit masking prefix, 3 bit message type indicator, and 12 bit Mask​ing Code

The 3-bit type indicator shall be set/interpreted as follows.

000: 12 bit Masking Code refers to an STID (i.e. CRC mask = 0000| Masking Code)

001: 12 bit Masking Code used to mask Broadcast Assignment A-MAP IE, BR-ACK A-MAP IE, and Basic Group Resource Allocation A-MAP IE and Subband Group Resource Allocation A-MAP IE, which is described in Table 820 (i.e. CRC mask = 0001| Masking Code).

	0b1
	CRC is masked by 1 bit masking prefix, and 15 bit RAID (i.e. CRC mask = 1|RAID)


Modify text in table 820 page 461, in section 16.3.6.5.2.4, as follows:
	Decimal Value
	Description

	0
	Used to mask Broadcast Assignment A-MAP IE

	1
	Used to mask BR-ACK A-MAP IE

	2-64
	Used to mask Basic Group Resource Allocation A-MAP IE and Subband Group Resource Allocation A-MAP IE (group ID)


Add the following row to table818 in page 460, as follows:
	A-MAP IE Type
	Usage

	0b0000
	DL Basic Assignment A-MAP IE

	0b0001
	UL Basic Assignment A-MAP IE

	0b0010
	DL Subband Assignment A-MAP IE

	0b0011
	UL Subband Assignment A-MAP IE

	0b0100
	Feedback Allocation A-MAP IE

	0b0101
	UL Sounding Command A-MAP IE

	0b0110
	CDMA Allocation A-MAP IE

	0b0111
	DL Persistent Allocation A-MAP IE

	0b1000
	UL Persistent Allocation A-MAP IE

	0b1001
	Basic Group Resource Allocation A-MAP IE

	0b1010
	Subband Group Resource Allocation A-MAP IE

	0b1011
	Feedback Polling A-MAP IE

	0b1100
	BR-ACK A-MAP IE

	0b1101
	Broadcast Assignment A-MAP IE

	0b1110
	UL CSM Beamforming A-MAP IE

	0b1111
	Extended Assignment A-MAP IE


Add the text in page 511, line 15 in section, as follows:

16.3.6.5.2.4.X Subband Group resource allocation A-MAP IE
Group control information is used to allocate resources to one or multiple AMSs within a user group. The Subband Group Resource Allocation A-MAP IE is used for signaling group resource allocation in the DL or UL. The Group Resource Allocation A-MAP IE is shown in Table TBD.
Group scheduling requires two operations:
1) Assignment of an AMS to a group. In order to add an AMS to a group in the DL or UL, the ABS shall transmit a Group Configuration MAC control message. 

2) Allocation of resources to AMSs within a group. In order to assign resources to one or more AMSs in a group, the ABS shall transmit the Subband Group Resource Allocation A-MAP IE. The Subband Group Resource Allocation A-MAP IE is included in user-specific resource assignment in an A-MAP region. The Subband GRA A-MAP IE contains bitmaps to indicate scheduled AMSs and signal MIMO mode HARQ burst size and allocated subbands.
        Table 835—Group Resource Allocation A-MAP IE*
	Syntax
	Size (bits)
	Description/Notes

	DL/UL Group Resource Allocation IE(){
	-
	

	A-MAP IE Type
	4
	DL/UL Subband Group Resource Allocation A-MAP IE

	HFA offset
	6
	Indicates the start of the HARQ feedback channel index used for scheduled allocations.

	User Bitmap
	Variable
	Bitmap to indicate scheduled AMSs in a group. The size of the bitmap is equal to the User Bitmap Size signaled to each AMS in the Group configuration AMC control message.

0b0: AMS not allocated in this AAI subframe

0b1: AMS allocated in this AAI subframe 

	    If (Group MIMO mode set ==0b01){
	
	

	      MIMO bitmap
	Variable
	Bitmap to indicate MIMO mode for the scheduled AMSs.

0b0: Mode 0

0b1: Mode 1

	    }
	
	

	Resource Assignment Bitmap
	Variable
	Bitmap to indicate subband allocations for each scheduled AMS

	}
	-
	-


*Depending upon its size, the Group Resource Allocation A-MAP IE may have one segment or may be broken into multiple segments, each of which is coded separately. A 16-bit CRC shall be generated based on the contents of each segment. The CRC is masked with the 12 bit Group ID of the corresponding group. Knowledge of the "User Bitmap" field, which always appears in the first segment, is used to infer the sizes of the other variable length fields. Hence, the total size of the GRA A-MAP IE, as well as the number of segments it is partitioned into, can be inferred from the first segment.
HFA Offset: Signals the starting HARQ feedback channel index for scheduled AMSs of the group (as iden​tified by 1's in the User bitmap). The exact HARQ feedback allocation for a given AMS is determined by using the mechanism described in 16.3.8.3.3.2 for DL GRA allocations and 16.3.6.3.2.2 for UL GRA alloca​tions

User Bitmap: A bitmap that uses 1 bit per AMS of the group to signal whether the AMS has an allocation in that AAI subframe. The size of the bitmap is determined by BS and can be 8, 16 or 32 bits. This size is sig​naled to each AMS in the Group configuration MAC control message when the user is added to the group. The AMS flows for which the corresponding bits are set to 1 are referred to as scheduled AMSs flows in that subframe.

MIMO Bitmap: This bitmap is included in the group only when the group MIMO mode set is 0b01. The MIMO mode set is signaled to AMS in the Group configuration MAC control message when the user is added to the group. The size of this bitmap is equal to the number of scheduled AMSs in the group in that subframe. For each scheduled AMS, the value of corresponding bit in this bitmap signals the MIMO mode (mode 0 or mode 1).

Resource Allocation Bitmap: The resource allocation bitmap uses 13 bits per AMS to signal the HARQ burst size and the resource size for the AMS's allocation in that subframe. The first 2 bits signal the HARQ burst size and the next 11 bits signal the allocated subband resources as described for Subband Assignment A-MAP IE. The 2-bit codes for burst sizes for the group are determined by each AMS based on the information in the Group Config​uration MAC control message.
Modify text in page 598, line 6 in section 16.3.8.3.3.2, as follows:

For group resource allocation, index k for the lth AMS in GRA allocation is artlLHFBNGRA⁄⋅+()modNHFB, where istart is the ACK Channel Offset in the DL Group Resource Allo​cation A-MAP IE or Subband Group Resource Allocation A-MAP IE, LHFB is the total number of HFBCH configured per HARQ feedback region, and NGRA is the Use Bit Map Size in the DL Basic Group Resource Allocation A-MAP IE or Subband Group Resource Allocation A-MAP IE.
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