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Introduction
This contribution proposes text to be included in the MAC procedure for Group Resource Allocation of the IEEE 802.16m draft D2 [1]. 
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Text proposal for inclusion in the 802.16m amendment
Adopt proposed text in sections 15.2.9 [1] as shown. Existing text in the draft amendment [1] is shown in black, deleted text is shown in strikethrough red and proposed text is shown in underlined blue font.

-------------------------------  Text Start  --------------------------------------------------- 
15.2.9
Group Resource Allocation
Group Resource Allocation mechanism allocates resources to multiple users as a group in order to save control overhead. Group Resource Allocation may be used for connections with a periodic traffic pattern and with relatively fixed payload size. The mechanism takes advantage of common traffic characteristics and grouping is done based on some common parameters such as nominal MCS (modulation and coding scheme), MIMO mode and resource size, which further saves overhead. 
15.2.9.1 Grouping Mechanism

AMSs are assigned to groups based on MIMO mode and the combination of HARQ burst size and the resource allocation size (number of LRUs). A set of n-bit codes can be used to represent the different combinations of HARQ burst sizes and resource sizes that are used by a group. These codes are included in a bitmap as part of the group’s resource allocation information. 

Grouping criteria include MIMO modes and HARQ burst sizes. As a result, every group may correspond to a given set of MIMO modes, and HARQ burst sizes. 
Each group is identified by a unique 5-bit Group ID.
15.2.9.2 Group Configuration
A group facilitates the d Dynamic link adaptation on the changes within the limited set of MIMO modes, nominal MCS levels and HARQ data burst sizes are facilitated within a group. 
The ABS configures a Group MIMO Mode Set for each group among the predefined candidate sets listed in Table 728 for the downlink and Table 729 for the uplink. When an AMS is added into the group, the configured Group MIMO Mode Set ID is indicated through Group Configuration IE MAC control message. The assigned MIMO mode to an AMS in the group shall be chosen from the configured set.
Table 728 – DL MIMO mode set candidates
	MIMO Mode Set ID
	DL Group MIMO Mode Set
	SM restriction

	0b00
	Mode 0
	N/A

	0b01
	Mode 0, Mode 1
	Mt =2

	0b10
	Mode 2
	Mt = 1

	0b11
	Mode 2, Mode 4 reserved
	Mt=1 N/A


Table 729 – UL MIMO mode set candidates
	MIMO mode set ID
	UL Group MIMO Mode Set
	SM restriction

	0b00 
	Mode 0
	N/A

	0b01 
	Mode 0, Mode 1
	Mt = 2

	0b10
	Mode 32
	Mt = 1

	0b11
	Reserved
	N/A


ABS configures a range of nominal MCS supported for each group by indicating the highest and lowest nominal MCS through Group Configuration A-MAP IE for both downlink and uplink. The allocation size to AMS in the group shall be determined based on the nominal MCS levels and HARQ burst size.

The ABS configures a HARQ Burst Size Set for each group among the predetermined [4, TBD] HARQ Burst Size Set Candidates. Those candidates are signaled to AMSs via the S-SFH(TBD). When an AMS is added into the group, the configured HARQ Burst Size Set ID is indicated through Group Configuration A-MAP IE. Each HARQ burst size set supports four HARQ burst sizes. The Group Configuration MAC control message signaled to an AMS contains the HARQ burst sizes assigned to its group. The assigned HARQ burst size to AMS in the group shall be chosen from the configured set.
The four burst sizes in the set are chosen from the burst sizes defined in table xxx. The table also lists the corresponding 5-bit codes that will be used to signal these burst sizes in the Group Configuration MAC control message. Note that these burst sizes are the first 32 sizes supported in the PHY layer as defined in <<< table 908>>>.
Table xxx – Burst Sizes Supported in GRA and corresponding Codes

	Burst Size (bytes)
	Code
	Burst Size (bytes)
	Code

	6
	00000
	44
	10000

	8
	00001
	50
	10001

	9
	00010
	57
	10010

	10
	00011
	64
	10011

	11
	00100
	71
	10100

	12
	00101
	80
	10101

	13
	00110
	90
	10110

	15
	00111
	100
	10111

	17
	01000
	114
	11000

	19
	01001
	128
	11001

	22
	01010
	144
	11010

	25
	01011
	164
	11011

	27
	01100
	180
	11100

	31
	01101
	204
	11101

	36
	01110
	232
	11110

	40
	01111
	264
	11111


15.2.9.3 Group Management

15.2.9.3.1 Addition of AMS to a Group

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 shall be informed to AMS in order to that is required to interpret resource assignment information from Group Resource Allocation A-MAP IE shall be signalled to an AMS. The information is transmitted through a unicast Group Configuration A-MAP IE 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.
15.2.9.3.1.1 ABS Operation
When an ABS decides to use group resource allocation for an AMS, the ABS adds the AMS into an appropriate group among existing groups. If the existing groups are not appropriate to the AMS, the ABS may form a new group. ABS shall indicate group configuration information via Group Configuration A-MAP IE MAC control message which includes the Group ID of the group to which the AMS is added and the assigned User Bitmap Index to the AMS.
The addition of AMS to a group shall apply starting at least one frame following the frame in which the ABS receives a successful acknowledgement from the AMS for the Group Configuration MAC control message. Once the AMS is added to the group, resources used for initial transmission of an HARQ data burst may be allocated as part of the group until the AMS is deleted from the group. 
15.2.9.3.1.2 AMS Operation
Upon receiving Group Configuration A-MAP IE 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 Group Resource Allocation A-MAP IE. Once the AMS receives successfully acknowledges a Group Configuration A-MAP IE MAC control message, starting the next frame, the AMS shall monitor its allocation in the corresponding Group Resource Allocation A-MAP IE until it is deleted from the group.
15.2.9.3.2 Deletion of AMS from a Group
The ABS may delete an AMS from a group when one or more of the following conditions applies: (i) the connection is terminated (ii) the MIMO mode/nominal MCS /HARQ burst size suitable for the AMS no longer belongs to the MIMO Mode Set/ nominal MCS set /HARQ burst size set corresponding to the group.
15.2.9.3.2.1 ABS Operation
ABS may delete multiple AMSs from a group in a subframe. The deletion information shall be signaled individually to each AMS via the Group Resource Allocation A-MAP IE Configuration MAC control message. The deletion can be signaled explicitly by setting the Deletion Flag field in the control message to 1. The deletion from the current group can be implicit if the flow is reassigned to a group by setting the Deletion Flag to 0. The deallocation information shall be signaled by listing De-allocated AMS index . The De-allocated AMS index is determined based on the order of the AMS among inactive AMSs in the User Bitmap. The length of De-allocated AMS index is determined according to the number of inactive users. Figure 419 shows the example of deallocation with De-allocated AMS index. 
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Figure 419: Example of deallocation with De-allocated AMS Index
Once the Group configuration MAC control message for deletion is sent to an AMS, no allocations shall be provided to the AMS in the group in the subsequent frames. The deletion shall apply from the subframe in which the deletion information is sent, i.e. no allocation shall be provided to the AMS starting that subframe. After sending the deletion information, the ABS shall wait for an ACK from the AMS. The ABS shall not allocate the corresponding bitmap position to another AMS until an ACK for deletion has been received.
15.2.9.3.2.2 AMS Operation
After decoding a Group Resource Allocation IEConfiguration MAC control message, if an AMS finds that it has been deleted from the group, then it shall stop expecting allocations in that group starting the same after the subframe in which deletion information was sent. The AMS shall send an ACK to the ABS signaling that the AMS has successfully received the deletion information Group Configuration MAC Control message.
15.2.9.3.3 User Bitmap Position Change
A re-arrange user bitmap may appear in Group Resource Allocation A-MAP IE in order to indicate open user bitmap positions (not allocated to any AMS) in the current user bitmap, The open positions indicated in the re-arrange bitmap shall implicitly specify the available positions for switching user bitmap. Undeleted AMS from the end of the user bitmap shall change the user bitmap positions to the available open positions. The last undeleted user shall take the first available open position; the second from last undeleted user shall take the second available position, and so on, as illustrated in Figure 420.


[image: image2.emf]User at #11 moves to 

position #2

User at #9 moves to 

position #3

110011110010

143258769121110

User Bitmap

Re-arrange 

Bitmap

00100

2109312

Trailing 0's are 

dropped


Figure 420: Example of re-arrange user bitmap

15.2.9.3.4 15.2.9.4 Normal Operation

An ABS shall provide contiguous allocations to the AMSs belonging to a group, which have the corresponding 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 subframe, then the ABS shall set the corresponding bit in the user bitmap to ‘0’. 
When an AMS receives a Group Resource Allocation 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 Group Resource Allocation 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.
15.2.9.3.5 15.2.9.4.1 Bitmaps in Group Resource Allocation

GRA The ABS uses bitmaps to signal resource allocation information for AMSs within a group. These bitmaps are sent in the Group Resource Allocation 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.
In addition to the user bitmap, a The second bitmap is called the MIMO Bitmap which is used to indicate the assigned MIMO mode, when multiple MIMO modes and SM parameters are supported in the group. The MIMO Bitmap is only required for certain MIMO mode sets and may not always be transmitted. The existence of second bitmap and the length number of bits per scheduled AMS in the MIMO Bitmap are listed in Table 730 and Table 731.
Table 730 –MIMO Bitmap Information for DL
	MIMO Mode Set
	Existence of second bitmap
	Length Number of bits per scheduled AMS
	MIMO mode indication

	0b00
	No
	= N/A
	OL SU-MIMO (SFBC with non-adaptive precoder) 

	0b01
	Yes
	1
	0b0: OL SU-MIMO (SFBC with non-adaptive precoder) 
0b1: OL SU-MIMO (SM with non-adaptive precoder) with Mt=2

	0b10
	No
	= N/A
	CL SU-MIMO with Mt=1

	0b11
	Yes
	1
	0b0: CL SU-MIMO with Mt=1
0b1: CL MU-MIMO with Mt=1, Nt=2


Table 731 –MIMO Bitmap Information for UL
	MIMO Mode Set
	Existence of second bitmap
	Length Number of bits per scheduled AMS
	MIMO mode indication

	0b00 
	No
	= N/A
	OL SU-MIMO (SFBC with non-adaptive precoder)

	0b01 
	Yes
	1
	0b0: OL SU-MIMO (SFBC with non-adaptive precoder) with Mt=2
0b1: OL SU-MIMO (SM with non-adaptive precoder) with Mt=2

	0b10
	No
	= N/A
	CL SU-MIMO with Mt=1, TNS=2


When MIMO Mode Set of the group contains MU-MIMO, PSI Bitmap and Pairing Bitmap appear to determine AMS pair sharing same resource. PSI Bitmap uses 1 bit per scheduled AMS to indicate the assigned pilot stream index(PSI). 
Pairing Bitmap uses to indicate a pair of two AMSs using different PSI. The number of bits per pair in the Pairing Bitmap depends on the total number of pairs in the group. If there are n pairs in the group, the number of bits per pair is p = ceil[log2(n)]. The AMSs using PSI=0 is assigned an index starting from 0 to n – 1 in the same order in which they appear in the bitmap. Every p bits in the pairing bitmap are assigned to the AMS using PSI=1 in the same order in which they appear in the PSI Bitmap. These p bits carry the index of AMS with PSI=0 that is paired with corresponding AMS with PSI=1. 
The third bitmap is the Resource Allocation bitmap which uses n 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 subframe or extended subframe that are scheduled in the frame. The scheduled AMSs may have different number of bits in the third bitmap when they are assigned different MIMO mode and SM parameter. 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 signalled in the Group Configuration MAC control message. AMS i calculates the starting location of its own resources in the AAI subframe as follows.
[image: image3.png]



Where R0 is the resource offset of the group as signalled in the DL/UL 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.
The bit length used for a scheduled AMS is determined by the total number of effective combinations for HARQ burst size and resource size for the assigned MIMO mode with SM parameter. Effective combinations are derived by subtracting useless combinations among all possible combinations. The following steps are needed to find the effective combinations.
· Step 1: List all possible combination set of nominal MCSs and burst sizes for that group C={ C(0,0), C(0,1), …, C(M,B) }
Table 732-Combination indexes
	MCS/ HARQ data burst size
	1
	2
	…
	B (Highest burst size)

	1
	C(1,1)
	C(1,2)
	…
	C(1,B)

	2
	C(2,1)
	C(2,2)
	…
	C(2,B)

	…
	…
	…
	…
	…

	M (Highest MCS)
	C(M,1)
	C(M,2)
	…
	C(M,B)


C(m,b): Combination index for MCS m, HARQ data burst size b
· Step 2: For each HARQ data burst size, useless combination is chosen when it requires same resource size with a lower MCS level comparing to others due to the resource granularity. For b∈IB, m∈IM, n∈IM, and m>n, 

{C(m,b)} (U1 
if N(m,b) = N(n,b)
Where
U1 : Useless combination set type 1
IM : Group nominal MCS set chosen by including all nominal MCSs from the lowest to the highest in the group.
IB : Group HARQ burst size set
N(m,b) : Resource size which is an integer number of required LRUs for nominal MCS m, HARQ data burst size b
N(m,b) = Ceil( the number of RUs required for nominal MCS m and HARQ data burst size b)
· Step 3: Derive effective combination set (E) which is 
E = C-U1
An n-bit index code shall be assigned to each effective combination of HARQ burst size and resource size. The codes are assigned in increasing order starting from lower nominal MCS level and from lower HARQ data burst size where n is determined by Ceil{log2(Total number of effective combinations in the group)}.
Examples of utilizing the bitmaps are shown in Figure 421, and Figure 422 and Figure 423.
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Figure 421–Example of Bitmaps with Group MIMO Mode Set: DL (0b00, 0b10), UL(0b00, 0b10)
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Figure 422–Example of Bitmaps for Group MIMO Mode Set: DL (0b01), UL(0b01)
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Figure 423–Example of Bitmaps for Group MIMO Mode Set: DL(0b11), UL(0b11) 
15.2.9.4 Error Handling Procedure
15.2.9.4.1. Error Handling for Addition of AMS to a Group
For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL. The starting HARQ feedback (HF) channel for the group is signaled in the DL Group Resource Allocation IE and scheduled AMSs belonging to the group will determine their individual HF channels based on the procedure described in section <<<15.3.8.3.3.2.1>>>.
An AMS is added to a group by transmitting a Group Configuration A-MAP IE in the same subframe in which the AMS has its initial allocation. If an ACK or a NACK for this initial data burst identified is detected in the assigned HARQ Feedback channel, the ABS shall assume that the Group configuration A-MAP IE is correctly received by the AMS. For UL allocation, if a data burst is detected from the AMS, then the ABS shall assume that the Group configuration A-MAP IE is correctly received by the AMS.

In case of DL allocation, in the absence (NULL detection) of an ACK or a NACK in the HARQ feedback channel assigned to the AMS, the ABS shall assume that the AMS has not received the Group Configuration A-MAP IE and the same Group Configuration A-MAP IE can be transmitted again. In case of UL allocation, in the absence of UL data burst from the AMS in the allocated LRUs, the ABS shall assume that the AMS has not received the Group Configuration A-MAP IE and the same Group Configuration A-MAP IE can be transmitted again.
15.2.9.4.2. Error Handling for De-allocation of AMS from a Group
HARQ feedback channels shall be provided to all AMSs de-allocated from a group in a certain frame for acknowledging the successful receiving of deletion information. For de-allocations from DL groups, the HF channels for de-allocated AMSs shall contiguously follow the HF channels for scheduled AMSs. The order of HF channels for de-allocated AMSs shall be the same order in which the de-allocated AMSs are signaled in the Group Resource Allocation A-MAP IE. For de-allocations from UL groups, the starting HF index for de-allocated AMSs is signaled in the UL Group Resource Allocation IE. The de-allocated AMSs shall determine their individual HF channel based on the procedure described in section 15.3.8.3.3.2.1.

If an AMS is de-allocated from a group, then it shall send an ACK in assigned HF channel. If the ABS receives an ACK from a de-allocated user in the assigned HF channel, the ABS shall assume that the AMS has successfully received the de-allocation information. In the absence of an ACK from a de-allocated AMS (NULL detection), the ABS shall retransmit the de-allocation information. The ABS shall not assign the corresponding bit in the user bitmap to another AMS until an ACK is received from the de-allocated AMS.
15.2.9.4.3. Error Handling for Re-arrangement of AMSs in a Group

HARQ feedback channels shall be provided to all AMSs whose user bitmap indices change as a result of re-arrangement. The HF channels for re-arranged AMSs shall immediately follow the HF channels for de-allocated AMSs of the group. If the user bitmap index of an AMS changes as a result of re-arrangement, then the AMS shall send an ACK in the assigned HF channel. If the ABS receives an ACK from a re-arranged AMS, then it shall assume that the AMS successfully received re-arrangement information. If the ABS does not receive an ACK from a re-arranged AMS, then it shall retransmit the re-arrangement information only for those re-arranged AMSs that did not send an ACK. The ABS shall not change the size of the user bitmap until it has received ACK from all re-arranged AMSs.
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