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Additional material related to the Recommended AWD Text Proposal #8  in C802.16m-09/0558 (Group Scheduling)
Shweta Shrivastava, Rath Vannithamby, Roshni Srinivasan

Intel Corporation
1. Introduction
This contribution provides additional material for DL PHY Control Drafting Group contribution’s proposal #8 in [1] for the IEEE 802.16m Amendment Working Document [2].
2. Group Resource Allocation in IEEE 802.16m

Group Resource Allocation mechanism allocates resources to multiple users as a group in order to save control overhead. The mechanism takes advantage of common traffic characteristics of several users, such as (nearly) constant size packet arrival at periodic intervals, and is thus best suited for VoIP and VoIP-like traffic. Grouping is done based on some common parameters such as MCS (modulation and coding scheme) and resource size, which further saves overhead. In IEEE 802.16e Rev 2, a persistent scheduling mechanism has been defined to reduce control overhead for VoIP traffic. This persistent scheduling mechanism works well when the MCS (modulation and coding scheme) and resource size requirements for a flow remain constant over a long interval. Group Resource Allocation (GRA) provides flexibility in dynamic environments where MCS and resource size change over shorter intervals, and provides better VoIP capacity in such scenarios [4].
2.1 Grouping Mechanism

Users are assigned to groups based on the combination of MCS used and the resource allocation size (number of LRUs) required. A set of n-bit codes can be used to represent the different combinations of MCSs and resource sizes that are used by a group. These codes are included in a resource allocation bitmap as part of the group’s resource allocation information. 
2.2 MCS/Resource Size Sets

In order to facilitate the inclusion of users in groups, the ABS first forms MCS/Resource Size Sets based on the different combinations of MCS and resource sizes. The information about these MCS/Resource Size Sets may be signaled through the S-SFH (TBD). MCSs belonging to an MCS set for a group are chosen from the set of MCS options available for link adaptation and Resource Sizes used by the group depend on the packet sizes that need to be supported. 
Most VoIP codecs generate packets with a limited number of sizes. For efficient transmission over the air interface, the headers of these packets are compressed using compression algorithms such as ROHC. ROHC generates variable size headers after compression thereby resulting in variable size MPDUs after header compression. In order to take advantage of persistent or group allocations, it is proposed that the number of packet sizes generated by ROHC should be limited. This can be done by using parameters NUMBER_OF_PACKET_SIZES_ALLOWED and PACKET_SIZES_ALLOWED, provided by ROHC. These parameters enable the specification of how many packet sizes ROHC is allowed to generate and what those packet sizes are. Using these parameters, the number of packet sizes may be limited to, say, 4. In this case, the resource size required for each of the 4 packet sizes can be determined based on which MCS is used for link adaptation. 
One of these packet sizes would include an uncompressed header (or full header) which is generated very infrequently. Such a packet may be dynamically or individually scheduled. The remaining three packet sizes can be allocated by group scheduling. Table 1 shows an example of the resource sizes needed for 16 different MCS and 4 MPDU size combinations. The LRU structure is based on the 802.16m structure defined in IEEE 802.16m SDD [3]. The MPDU sizes are example MPDU sizes for an AMR codec operating at 12.2 kbps with ROHC header compression as well as a MAC header and CRC.
Table 1: Resource Sizes for Given MCS and MPDU Size Combinations

	
	
	MPDU Size (Bytes)

	
	
	Group Scheduling
	Dynamic Scheduling

	
	
	40
	45
	50
	73

	QPSK
	31/256
	14
	16
	18
	26

	QPSK
	47/256
	10
	11
	12
	17

	QPSK
	70/256
	7
	7
	8
	12

	QPSK
	98/256
	5
	5
	6
	8

	QPSK
	131/256
	4
	4
	5
	6

	QPSK
	166/256
	3
	3
	4
	5

	QPSK
	199/256
	3
	3
	3
	4

	16QAM
	123/256
	2
	2
	3
	4

	16QAM
	149/256
	2
	2
	2
	3

	16QAM
	176/256
	2
	2
	2
	3

	16QAM
	204/256
	2
	2
	2
	2

	16QAM
	229/256
	1
	2
	2
	2

	64QAM
	173/256
	1
	1
	2
	2

	64QAM
	196/256
	1
	1
	1
	2

	64QAM
	218/256
	1
	1
	1
	2

	64QAM
	234/256
	1
	1
	1
	2


The choice of MCSs and resource sizes used for a group can be optimized for VoIP by considering the following:
· For a given MPDU size, only that MCS which utilizes the LRUs most efficiently is chosen. For example, consider MPDU size of 40 bytes in the table I. The last 5 MCS schemes all need 1 LRU. Since, the VoIP MPDU will be using one LRU anyway,  the most robust of the five MCS schemes (i.e. 16QAM 229/256) that can be used transmit the MPDU to within the target PER is chosen.

· For a given MCS, the resource size is chosen such that resource wastage is minimized for the required reliability of transmission.
· A given combination of MCS and resource size is represented only once, even if the same combination exists for multiple MPDU sizes.

· In addition, grouping is done such that a change in MPDU size does not cause a group change. For example, from table 1, if QPSK 199/256 and 16QAM 123/256 are put in different MCS sets, a change in MPDU size from 45 bytes to 50 bytes and vice-versa will always cause a group change. Hence such MCS pairs should be put in the same MCS set.
The resulting combinations chosen can be represented using two groups. All of these combinations are assigned n-bit codes, which are used in group’s bitmap to signal the MCS/resource size information. An example of MCS/Resource Size sets with 3-bit codes is shown in Table 2 . The MCS/Resource Size set number is signaled to the user in Group Assignment message/IE.
Table 2: Example of MCS/Resource Size Set Definitions
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Resource 
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4 QPSK 131/256 111

5 QPSK 131/256 110

5 QPSK 98/256 101

6 QPSK 98/256 100

8 QPSK 70/256 011

12 QPSK 47/256 010
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Resource 
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1 64QAM 196/256 111

1 64QAM 173/256 110

1 16QAM 229/256 101

2 16QAM 204/256 100

2 16QAM 123/256 011

3 QPSK 199/256 010

3 QPSK 166/256 001

4 QPSK 166/256 000

Resource 

Size

MCS Code

1 64QAM 196/256 111

1 64QAM 173/256 110

1 16QAM 229/256 101

2 16QAM 204/256 100

2 16QAM 123/256 011

3 QPSK 199/256 010

3 QPSK 166/256 001

4 QPSK 166/256 000

Resource 

Size

MCS Code

Set 1 Set 2


2.3 Adding a User to a Group
A user may be added to a group when the user’s connection starts or when the user’s MCS changes such that the user needs to be moved to a new group. A user is added to a group using the Group Assignment MAC Management Message or the Group Assignment A-MAP IE (exact mechanism for adding user is FFS), which is sent individually to the user. The fields of this message/IE are described in Table 3.  The user’s position in the group is signaled in the message. If the assignment message is sent in frame n, then the allocation starts only in frame n + f, where f  is the frame offset signaled in the assignment message. A user is always added at the end of the bitmap, so that addition of the user does not affect the position of other users in the group. It is important to send the assignment message in advance of the actual start of allocation so that the ABS can ensure that the AMS has received the message before actually starting the allocation (details are discussed in section 2.8 on Error Control).
Multiple flows for the same user may be assigned to same/different groups. However, the Flow ID for each assignment need not be signaled in advance. For DL flows, the AMS can determine the flow ID from the MAC header of the received burst. For UL flows, the decision is left to the user to determine how different flows in the given allocations (FFS) are scheduled.
2.4 HARQ Information for Initial Transmissions
With dynamic or individual scheduling, every user is sent certain HARQ information. This includes information about the HARQ channel identifier (ACID) and subpacket ID (SPID). This information is necessary to correctly receive and decode the packets. However, the information also adds additional overhead. Therefore, a mechanism similar to that defined for Persistent Scheduling in IEEE 802.16 Rev 2 for ACID information is proposed. In this mechanism, every AMS has certain consecutive ACIDs reserved to be used by the Group Scheduling mechanism. These ACIDs are identified by the parameters “Initial ACID” and “N_ACID” (Number of ACIDs). This information is signaled in the Group Assignment message/IE. For the first allocation, the transmission uses the “Initial ACID”. Thereafter, for each allocation, the ACID increments by 1 till the ACID value becomes “Initial ACID + N_ACID”, after which the ACID cycles back to “Initial ACID”. The mechanism is depicted in figure 2 for “Initial ACID” = 0 and “N_ACID” = 2. The number of ACIDs for a particular flow are chosen based on the maximum number of retransmissions and the delay budget for the application.

This implicit cycling of ACIDs saves overhead by eliminating the need to specify the ACID information in the Group Resource Allocation IE for each user. The mechanism also avoids the inefficiency that will be caused if only one ACID is used per AMS (this will not allow parallel transmissions to occur from the same CID, increasing the delay). This also avoids the synchronization problem with global ACID – there is no need to synchronize ACIDs between different MSs belonging to a group, which is hard to achieve, especially in the UL.
For initial transmission, the SPID is always assumed to be ‘00’. Hence there is no need to explicitly specify the SPID information for initial transmissions. For retransmissions, the SPID is specified in the bitmap itself as shown in table 4. The detailed mechanism for Group Scheduling of HARQ retransmissions is specified in a section 2.7.
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Figure 1. Implicit ACID Recycling for Group Scheduling

2.5 Bitmaps

GRA makes use of bitmaps to signal resource allocation information for users within a group. These bitmaps are sent in the Group Resource Allocation IE itself. The first bitmap is the User Bitmap which uses 1 bit per user to signal which users are scheduled in the frame. Some users within the group may not be scheduled when they are in a silence period or they are experiencing jitter in packet arrival. 
The second bitmap is the Resource Allocation bitmap which uses n bits per user to signal the MCS and Resource Size for users that are scheduled in the frame. The n bits for each user are actually the MCS/Resource Size code as shown in the example of fig. 1. An example of bitmaps is shown in figure 3. These bitmaps are signaled in every frame where there is at least one allocation for the group.
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Figure 2. User Bitmap and Resource Allocation Bitmap

The use of bitmaps in group scheduling provides flexibility in allocating resources. The user bitmap prevents resource wastage when users do not have transmissions.  A value of 1 or 0 in the user bitmap signals whether the corresponding user is scheduled or not. In a given frame, a user calculates its resource location based on the number of users scheduled before it and the amount of resources they occupy. Hence, there is no possibility of resource holes. The resource allocation bitmap also provides the flexibility to a user to change MCS/Resource Size to another value in the set allocated to the group without the need to re-allocate the user, thereby saving A-A-MAP overhead. The resource allocation bitmap also supports multiple packet (resource) sizes.

2.6 Deleting a User from a Group 

A user is deleted from a group when the connection ends or when the user’s MCS changes such that it is no longer part of the MCS/Resource Size set corresponding to this group. The deletion information is signaled in the Group Resource Allocation IE. The position of deleted users is specified. The purpose of sending the information in the IE is to inform other users within the group about this deletion so that other users can shift their respective positions in the bitmap.
In this mechanism, neither the deleted user nor the other users shifting their positions need to send an ACK to the ABS. The users only send a NACK when a certain A-MAP IE is not received. Hence the absence of a NACK is considered an implicit ACK by the ABS (details of this mechanism are described in section 2.8 Error Control).

2.7 HARQ Retransmissions

HARQ retransmissions for flows that are allocated as a group may be performed using individual scheduling or group scheduling. Group Scheduling of HARQ retransmissions saves further overhead. The Group Resource Allocation IE format Table 4 is used to schedule both initial transmissions as well as HARQ retransmissions for a group. The Retransmission Indicator signals whether the IE signals resource allocation for initial transmissions or for HARQ retransmissions. 

For retransmissions, the number of users in user bitmap is the same as initial transmission, so the parameter need not be specified again. The ACID used is also same as that for initial transmission. The user bitmap specifies which users have retransmissions and the resource allocation bitmap specifies the MCS/resource size information. In addition, The SPID/CoRe Version for the retransmitted packet is included for each user. The retransmission always occurs after a fixed frame delay, d, from the previous transmission. So if the initial transmission for the group occurs in frame n, then first retransmission will occur in frame n+d, second in frame n+2d, and so on.
The same frame could have multiple A-MAP IEs to signal allocations for a group, one for initial transmission and others for retransmissions. As stated earlier, the bit Retx Indicator is used to differentiate whether the A-MAP IE specifies resources for initial transmissions or retransmissions. The field, Retransmission number, is used to differentiate between retransmissions of different packets within the same frame. For example, frame n may have first retransmissions for initial transmission of frame n-1, and second retransmission for initial transmission of frame n-2. In this case, the retransmission number combined with the retransmission delay, d, will help the users determine which allocation IE is for which packet.
2.8 Error Control
Loss of Group Assignment Message/IE or Group Resource Allocation IE can have serious consequences. If the assignment message/IE is not received by the user, then it will result in resource wastage since the ABS will allocate resources that are unused by the AMS for which it is intended. Similarly, if information related to deletion of a user is lost, two users may expect a burst in the same DL location or in the UL, transmissions from two users in the same resources will collide. Hence error handling mechanisms are required. In this section, we propose error handling mechanism for Group Scheduling. The mechanism is similar to that for persistent scheduling in Rev2 with some modifications.

In order to ensure that the Group Assignment Message/IE is correctly received by the AMS, the ABS provides an ACK mechanism for this message/IE. The ABS starts the allocation only after receiving ACK from the user.

To ensure that Group Resource Allocation IE is correctly received by the AMS, the ABS provides a shared NACK channel. If an AMS cannot decode a Group Resource Allocation IE, it sends a NACK to the ABS. The shared NACK channel eliminates the need for ACK for Group Resource Allocation A-MAP IE, including the case where de-allocation information is signaled in the IE. Absence of a NACK is implicitly considered as an ACK by the ABS.
The Sequence Number and Change Indicator fields are included in the Group Resource Allocation A-MAP IE to provide mechanisms for the AMS to recover from loss of A-MAP IE. The Sequence Number is incremented only when there is change in allocation of the group, i.e. when an AMS is added to or deleted from the group. The Change Indicator bit specifies whether the sequence number is incremented in this frame (value = 1) or a previous frame (value = 0). The AMS uses these fields as follows to recover from A-MAP loss:

· The AMS stores the last Sequence Number for the group.
· After the loss of some A-MAPs, when the AMS receives a subsequent A-MAP, it checks the sequence number field in the Group’s IE.

· If the sequence number is same as that stored by the AMS, it means that there is no change in group allocation and the AMS resumes using its previous allocation.

· If the sequence number is incremented by 1 from that stored by the AMS, the AMS checks the Change Indicator field to see if the change in group’s allocation is specified in this frame. 

· If the sequence indicator is set to 1, then AMS reads the allocation change information from the current IE and starts using the new allocation.

· If the sequence number is 0, then the allocation change occurred in a previous frame which the AMS has missed. It stops using the allocation and sends an error event to the ABS (TBD).

· If the sequence number is incremented by more than 1, then the AMS knows that it has missed multiple allocation changes. It stops using its allocation and sends an error event to the ABS (TBD).

When the ABS receives a NACK from an AMS for the Group Resource Allocation IE, the ABS may wait to see whether the AMS has recovered from the error. The ABS can do this by monitoring ACKs for DL data and by monitoring transmissions from the AMS in the UL. If the AMS has not recovered, the ABS can retransmit the missed information (TBD).
2.9 Group Assignment MAC Management Message/IE Fields
The Group Assignment MAC Management Message is used to add a user to a group. The Group Assignment message is sent to mobile stations individually. 

Table 3: DL Group Assignment MAC Management Message/A-MAP IE Contents

	Syntax
	Size in bits*
	Notes

	Management Message/A-MAP IE Type
	4
	

	Group ID
	5
	Group ID

	MCS/Resource size Set ID
	TBD
	

	Frame Offset
	2
	Indicates the frame offset from the initial tx of this message, after which the allocation starts

	Position
	5
	Position of the flow in the User bitmap

	ACID Indicator
	1
	Whether ACID information is specified

	If (ACID Indicator == 1) {
	
	

	Initial ACID
	5
	Initial value of HARQ Channel Identifier. Default value = 0

	N_ACID
	3
	Number of HARQ Channels associated with this flow. Default value = 2.

	}
	
	

	Padding
	Variable
	Padding to align to byte boundary


Group ID: Group ID of the Group to which the flow is added.

MCS/Resource size Set ID:  ID of the Set of MCS/Packet sizes to which this group corresponds. An example of such sets is shown in fig. 1.

Position: Position, p, of the flow in the Group’s bitmaps. 

Frame Offset:  Identifies the number of radio frames after which allocation starts. If the assignment message is a MAC management message, the frame offset is from the frame in which initial transmission of the message is sent. The subframe is determined by the AMS by reading the A-MAPs in all the subframes in the allocation start frame.

ACID Indicator:  Indicates whether ACID information is specified.
Initial ACID: The initial ACID channel for this flow. The default value is 0. When an AMS is first allocated for group scheduling, it uses the value specified here or the default value if the fields are not present in the message. When the AMS is reallocated due to change in group, it should assume the ACID to be in continuation with previous allocation.

N_ACID: Number of ACID channels associated with this flow. The ACID number is assumed to implicitly cycle first starting from the Initial ACID to the Number of ACIDSs. If the field is not included in the message, the AMS assumes a default value of 2 for new allocations. For re-allocations, the value from initial allocation is assumed.

2.10 DL/UL Group Resource Allocation A-MAP IE for Incremental Redundancy HARQ

The Group Resource Allocation A-MAP IE is used to describe the allocations for a Group. 
Table 4: DL/UL Group Resource Allocation A-MAP IE for Incremental Redundancy HARQ

	Syntax
	Size in bits*
	Notes

	A-MAP IE Type
	[4]
	TBD A-MAP IE types distinguish between UL/DL, SU/MU, OL/CL MIMO operation, persistent/non-persistent allocation, basic/extended IEs including GRA

	Resource Offset
	8
	Indicates subframe offset (1 bit)  and starting LRU (7 bits) for resource assignment to this group

	HARQ Retx Indicator
	1
	Indicates whether this group resource assignment IE is for HARQ retransmissions or initial transmission

	If (HARQ Retx Indicator == 0) {
	
	

	Sequence Number
	4
	Sequence Number for this A-MAP IE. Used for A-MAP error control.

	Change Indicator
	1
	Change Indicator for this A-MAP IE. Used for A-MAP error control.

	Remove Indicator
	1
	Set to 1 if any flows are removed from the group in this frame

	For Each Removed Flow {
	
	

	Position in Bitmap
	5
	Position in bitmap of the removed flow

	Loop End Indicator
	1
	Set to 0 if there are more flows removed from the group in this frame. Set to 1 otherwise

	}
	
	

	User Bitmap Size
	5
	Size of the user bitmap

	User Bitmap
	Variable
	Bitmap to indicate scheduled users in a group. The size of the bitmap is equal to the User Bitmap Size

	Resource Assignment bitmap – For Each Scheduled User {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	}
	
	

	}
	
	

	Else {
	
	

	ReTx Number
	2
	00 – First retransmission, 01- Second Retransmission and so on

	User Bitmap
	Variable
	Bitmap to indicate which users have retransmissions. The size of this bitmap is equal to the size of the User Bitmap in GRA IE for initial transmission.

	Resource Assignment bitmap – For Each User with ReTx {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	SPID/CoRe Version
	3
	HARQ subpacket identifier for IR and Constellation Rearrangement version

	}
	
	

	}
	
	

	MCRC
	16
	CRC masked with Group ID


* Estimated size based on currently defined features in SDD /Stage 3 draft or proposed in Stage 3 contributions 

Resource Offset – The first bit indicates the subframe relevance (considering that the A-MAP is relevant to 2 subframes). The next seven bits describe the offset of the starting LRU for this group’s allocation.

HARQ Retx Indicator - Indicates whether this group resource assignment IE is for HARQ retransmissions or initial transmission.
Sequence Number – This field is used for A-MAP error control. This field is incremented by 1 every time there is a change in group allocation (if flows are added to or removed from the group). If an AMS misses a relevant A-MAP, it uses this field to determine if the group allocation changed in the missed A-MAP.

Change indicator – This field is used for A-MAP error control. Set to 1 whenever the sequence number is incremented. Indicates whether the sequence number was incremented in this frame or previous frames. Helps AMS that missed a A-MAP in previous frames to determine when group allocation changed and recover if possible.

Remove Indicator – Indicates whether any flows have been removed from the group in this frame.

User Bitmap Size – Number of users belonging to the group. This excludes the flows removed from the group in this frame.

ReTx Number – Signals the retransmission number for this group. This field, along with the retransmission delay d, is used to determine which initial transmission this retransmission is for. It also helps the MS differentiate between two different retransmissions for the same group in a frame. E.g. Frame n may have first retransmission for the group’s initial transmission of frame (n – 1) and second retransmission for initial transmission of frame n – 2.

MCRC – The 16-bit CRC is masked with the Group ID of the group.
2.11 Frame/Subframe Relevance
The Group Assignment message/IE is usually sent in a frame prior to the frame in which allocation starts. The frame in which allocation actually starts can be determined using the Frame Offset parameter specified in the Group Assignment message/IE. 
The resource allocation is usually periodic, i.e. if the allocation period is p frames, then the allocation shall occur in frame n, n+p, n+2p and so on. However, the ABS may choose which subframe within the frame the group will be allocated.

References

[1] Proposed text from DL PHY Ctrl Drafting group for IEEE 802.16m Amendment, C802.16m-09/0558, March 2009.

[2] IEEE 802.16m Amendment Working Document, IEEE 802.16m-08/050, Jan 2009
[3] IEEE 802.16m System Description Document (SDD) [Draft], IEEE 802.16m-08/003r6, Feb 2009
[4] Proposal for Group Scheduling Support in IEEE 802.16m SDD, IEEE C802.16m-08/712, July 2008.

Proposed Amendment Text

The following text is proposed for inclusion in the DL PHY Control Draft [1] for AWD proposal # 8. 

Group Resource Assignment Allocation A-MAP IE
Group control information is used to allocate resources and/or configure resources to one or multiple mobile stations within a user group.
Group scheduling requires two operations

1. Assignment of a user to a group. In order to add a user to a group in the DL or UL, the ABS shall transmit a [Group Assignment MAC management message] [Group Assignment A-MAP IE].
2. Allocation of resources to users within a group. In order to assign resources to one or more users in a group, the ABS shall transmit the DL/UL Group Resource Allocation A-MAP IE. The DL/UL Group Resource Allocation A-MAP IE is included in user-specific resource assignment in an A-MAP region. The GRA A-MAP IE contains bitmaps to indicate scheduled users and also signal resource assignment, MCS, resource size. ABS may use GRA A-MAP IE to allocate DL resources to one or multiple mobile stations within a user group.
Group scheduling also provides a mechanism to perform HARQ retransmissions with a fixed retransmission delay to reduce the A-MAP overhead associated with HARQ retransmissions. The ABS may choose to use group scheduling or dynamic/individual scheduling for HARQ retransmissions. Resources for retransmissions can be allocated using either DL/UL A-MAP IE or DL/UL Group Resource Allocation A-MAP IE. 

Multiple DL/UL Group Resource Allocation IEs for the same group may appear in an A-MAP region to indicate initial transmissions and different retransmissions, e.g. to signal initial transmission of packet n, first retransmission of packet n – 1 and second retransmission of packet n – 2.

The following table describes the DL/UL Group Resource Allocation A-MAP IE.

Table 5: DL/UL Group Resource Allocation A-MAP IE for Incremental Redundancy HARQ

	Syntax
	Size in bits*
	Notes

	A-MAP IE Type
	[4]
	TBD A-MAP IE types distinguish between UL/DL, SU/MU, OL/CL MIMO operation, persistent/non-persistent allocation, basic/extended IEs including GRA

	Resource Offset
	8
	Indicates subframe offset (1 bit)  and starting LRU (7 bits) for resource assignment to this group

	HARQ Retx Indicator
	1
	Indicates whether this group resource assignment IE is for HARQ retransmissions or initial transmission

	If (HARQ Retx Indicator == 0) {
	
	

	Sequence Number
	4
	Sequence Number for this A-MAP IE. Used for A-MAP error control.

	Change Indicator
	1
	Change Indicator for this A-MAP IE. Used for A-MAP error control.

	Remove Indicator
	1
	Set to 1 if any flows are removed from the group in this frame

	For Each Removed Flow {
	
	

	Position in Bitmap
	5
	Position in bitmap of the removed flow

	Loop End Indicator
	1
	Set to 0 if there are more flows removed from the group in this frame. Set to 1 otherwise

	}
	
	

	User Bitmap Size
	5
	Size of the user bitmap

	User Bitmap
	Variable
	Bitmap to indicate scheduled users in a group. The size of the bitmap is equal to the User Bitmap Size

	Resource Assignment bitmap – For Each Scheduled User {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	}
	
	

	}
	
	

	Else {
	
	

	ReTx Number
	2
	00 – First retransmission, 01- Second Retransmission and so on

	User Bitmap
	Variable
	Bitmap to indicate which users have retransmissions. The size of this bitmap is equal to the size of the User Bitmap in GRA IE for initial transmission.

	Resource Assignment bitmap – For Each User with ReTx {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	SPID/CoRe Version
	3
	HARQ subpacket identifier for IR and Constellation Rearrangement version

	}
	
	

	}
	
	

	MCRC
	16
	CRC masked with Group ID

	Syntax
	Size in bits*
	Notes

	A-MAP IE Type
	[4]
	TBD A-MAP IE types distinguish between UL/DL, SU/MU, OL/CL MIMO operation, persistent/non-persistent allocation, basic/extended IEs including GRA

	Resource Offset
	8
	Indicates subframe offset (1 bit)  and starting LRU (7 bits) for resource assignment to this group

	HARQ Retx Indicator
	1
	Indicates whether this group resource assignment IE is for HARQ retransmissions or initial transmission

	If (HARQ Retx Indicator == 0) {
	
	

	Sequence Number
	4
	Sequence Number for this A-MAP IE. Used for A-MAP error control.

	Change Indicator
	1
	Change Indicator for this A-MAP IE. Used for A-MAP error control.

	Remove Indicator
	1
	Set to 1 if any flows are removed from the group in this frame

	For Each Removed Flow {
	
	

	Position in Bitmap
	5
	Position in bitmap of the removed flow

	Loop End Indicator
	1
	Set to 0 if there are more flows removed from the group in this frame. Set to 1 otherwise

	}
	
	

	User Bitmap Size
	5
	Size of the user bitmap

	User Bitmap
	Variable
	Bitmap to indicate scheduled users in a group. The size of the bitmap is equal to the User Bitmap Size

	Resource Assignment bitmap – For Each Scheduled User {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	}
	
	

	}
	
	

	Else {
	
	

	ReTx Number
	2
	00 – First retransmission, 01- Second Retransmission and so on

	User Bitmap
	Variable
	Bitmap to indicate which users have retransmissions. The size of this bitmap is equal to the size of the User Bitmap in GRA IE for initial transmission.

	Resource Assignment bitmap – For Each User with ReTx {
	
	

	MCS/Packet size Code
	3
	3-bit code to indicate MCS/Packet size mode. 



	SPID/CoRe Version
	3
	HARQ subpacket identifier for IR and Constellation Rearrangement version

	}
	
	

	}
	
	

	MCRC
	16
	CRC masked with Group ID


* Estimated size based on currently defined features in SDD /Stage 3 draft or proposed in Stage 3 contributions 

Resource Offset – The first bit indicates the subframe relevance (considering that the A-MAP is relevant to 2 subframes). The next seven bits describe the offset of the starting LRU for this group’s allocation.

HARQ Retx Indicator - Indicates whether this group resource assignment IE is for HARQ retransmissions or initial transmission.
Sequence Number – This field is used for A-MAP error control. This field is incremented by 1 every time there is a change in group allocation (if flows are added to or removed from the group). If an AMS misses a relevant A-MAP, it uses this field to determine if the group allocation changed in the missed A-MAP.

Change indicator – This field is used for A-MAP error control. Set to 1 whenever the sequence number is incremented. Indicates whether the sequence number was incremented in this frame or previous frames. Helps AMS that missed a A-MAP in previous frames to determine when group allocation changed and recover if possible.

Remove Indicator – Indicates whether any flows have been removed from the group in this frame.

User Bitmap Size – Number of users belonging to the group. This excludes the flows removed from the group in this frame.

ReTx Number – Signals the retransmission number for this group. This field, along with the retransmission delay d, is used to determine which initial transmission this retransmission is for. It also helps the MS differentiate between two different retransmissions for the same group in a frame. E.g. Frame n may have first retransmission for the group’s initial transmission of frame (n – 1) and second retransmission for initial transmission of frame n – 2.

MCRC – The 16-bit CRC is masked with the Group ID of the group.
Group Assignment MAC Management Message/A-MAP IE

The Group Assignment MAC Management Message/A-MAP IE is used to add a user to a group. The Group Assignment message/A-MAP IE is sent to mobile stations individually. 

Table 6: DL Group Assignment MAC Management Message/A-MAP IE
	Syntax
	Size in bits*
	Notes

	Management Message/A-MAP IE Type
	4
	

	Group ID
	5
	Group ID

	MCS/Resource size Set ID
	TBD
	

	Frame Offset
	2
	Indicates the frame offset from the initial tx of this message, after which the allocation starts

	Position
	5
	Position of the flow in the User bitmap

	ACID Indicator
	1
	Indicates whether ACID information is specified

	If (ACID Indicator == 1) {
	
	

	Initial ACID
	5
	Initial value of HARQ Channel Identifier. Default value = 0

	N_ACID
	3
	Number of HARQ Channels associated with this flow. Default value = 2.

	}
	
	

	Padding
	variable
	Padding to align to byte boundary


Group ID: Group ID of the Group to which the flow is added.

MCS/Resource size Set ID:  ID of the Set of MCS/Packet sizes to which this group corresponds. An example of such sets is shown in fig. 1.

Position: Position, p, of the flow in the Group’s user bitmap. 

Frame Offset:  Identifies the number of radio frames after which allocation starts. If the assignment message is a MAC management message, the frame offset is from the frame in which initial transmission of the message is sent. The subframe is determined by the AMS by reading the A-MAPs in all the subframes in the allocation start frame.

ACID Indicator:  Indicates whether ACID information is specified.
Initial ACID: The initial ACID channel for this flow. The default value is 0. When an AMS is first allocated for group scheduling, it uses the value specified here or the default value if the fields are not present in the message. When the AMS is reallocated due to change in group, it should assume the ACID to be in continuation with previous allocation.

N_ACID: Number of ACID channels associated with this flow. The ACID number is assumed to implicitly cycle first starting from the Initial ACID to the Number of ACIDSs. If the field is not included in the message, the AMS assumes a default value of 2 for new allocations. For re-allocations, the value from initial allocation is assumed.
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