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Introduction
This contribution proposes text to be included in the MAC procedure for Group Resource Allocation of the 802.16m amendment working document (AWD). 
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15.2.8
Group Resource Allocation
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 and grouping is done based on some common parameters such as MCS (modulation and coding scheme), MIMO mode and resource size, which further saves overhead. 
15.2.8.1 Grouping Mechanism

AMSs are assigned to groups based on MIMO mode used and 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 bitmap as part of the group’s resource allocation information. 
15.2.8.2 Group Configuration
A group facilitates the dynamic link adaptation on the limited set of MIMO mode, MCS level and HARQ data burst size. 
ABS configures a Group MIMO Mode Set for each group among the predefined candidate sets listed in Table xxx28 for downlink and Table yyy29 for uplink. When an AMS is added into the group, the configured Group MIMO Mode Set ID is indicated through Group Configuration IE. The assigned MIMO mode to AMS in the group shall be chosen from the configured set.

Table 28 – DL MIMO mode set candidates

	ID
	DL Group MIMO Mode Set
	SM restriction

	0b00
	Mode 0
	

	0b01
	Mode 0, Mode 1
	Mt =2

	0b10
	Mode 2 
	Mt= 1

	0b11
	Mode 2, Mode 4
	Mt=1


Table 29 – UL MIMO mode set candidates

	MIMO mode set ID
	UL Group MIMO Mode Set
	SM restriction

	0b00
	Mode 0
	

	0b01
	Mode 0, Mode 1
	Mt=2

	0b10
	Mode 3
	Mt =1

	0b11
	Mode 2, Mode 4reserved
	Mt=1


ABS configures a MCS Set for each group among the predefined candidate sets listed in Table aaa for both downlink and uplink. When an AMS is added into the group, the configured MCS Set ID is indicated through Group Configuration IE. The assigned MCS to AMS in the group shall be chosen from the configured set.
Table 30 – DL MIMO Mode Set Candidates

	ID
	MCS Set

	000
	0000
	0001
	0010
	0011

	
	0100
	0101
	0110
	0111

	
	1000
	1001
	1010
	1011

	
	1100
	1101
	1110
	1111

	001
	0000
	0001
	0010
	0011

	
	0100
	0101
	0110
	0111

	010
	1000
	1001
	1010
	1011

	
	1100
	1101
	1110
	1111

	011
	0000
	0001
	0010
	0011

	100
	0100
	0101
	0110
	0111

	101
	1000
	1001
	1010
	1011

	110
	1100
	1101
	1110
	1111


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 IE. The assigned HARQ burst size to AMS in the group shall be chosen from the configured set.

As an optional, the combinations of MCS/MIMO mode/Resource size can be signaled explicitly by the ABS to the AMS (TBD).
15.2.8.3 Group Management
15.2.7.3.1 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 AMS in a group moves to other group. For inclusion, the group information shall be informed to AMS in order to interpret resource assignment information from Group Resource Allocation A-MAP IE. The information is transmitted through unicast Group Configuration A-MAP IE. The Group Configuration A-MAP IE can be either unicast or broadcast. The details on broadcasting this IE are TBD.
15.2.8.3.1.1 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 which includes the added Group ID of the group to which the AMS is added and the assigned User Bitmap Index to the AMS.

Once the AMS is added to the group, resources used for initial transmission of HARQ data burst may be allocated as part of the group until the AMS is deleted from the group. 
15.2.8.3.1.2 AMS Operation

Upon receiving Group Configuration A-MAP IE, the AMS receives the required information to interpret the assigned MIMO mode, MCS level and resource indexsize from the bitmaps in the corresponding Group Resource Allocation A-MAP IE. Once the AMS receives a Group Configuration A-MAP IE, the AMS shall monitor its allocation in the Group Resource Allocation A-MAP IE until it is deleted from the group.

15.2.8.3.2 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/MCS /HARQ burst size suitable for the AMS no longer belongs to the MIMO Mode Set/MCS set /HARQ burst size set corresponding to the group.
15.2.8.3.2.1 ABS Operation

ABS may delete multiple AMSs from a group in a subframe. The deletion information shall be signaled via the Group Resource Allocation A-MAP IE. The deallocation information shall be signaled by listing De-allocated AMS index or providing Deallocation Bitmap. 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 xx shows the example of deallocation with De-allocated AMS index. 
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Figure xx: Example of deallocation with De-allocated AMS Index

The deallocation information can be signaled as De-allocation Bitmap. De-allocation bitmap consists of “0” in User Bitmap. The deleted AMS is indicated “1” in De-allocation Bitmap. Figure yy shows the example of De-allocation bitmap.
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. Figure yy: Example of deallocation with De-allocation Bitmap
The deletion is informed by listing the User Bitmap Index of deleted AMS in Group Resource Allocation A-MAP IE. 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.
15.2.8.3.2.2 AMS Operation

After decoding a Group Resource Allocation IE, if an AMS finds that it has been deleted from the group, then it shall stop expecting allocations in that group starting the same 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.
15.2.8.3.4 Normal Operation

An ABS shall provide contiguous allocations to the AMSs belonging to a group in the order in which they appear in the group’s user bitmap. If there is no packet for a given AMS in a certain frame, then no allocation shall be provided to that AMS and the BS will signal this by setting the corresponding bit in the bitmap to 0. If no AMSs belonging to a group have allocations in a given frame, then the ABS may choose to skip transmission of the GRA IE in that frame. If there are no changes in the allocation information for a group since the GRA IE was last sent, then the ABS shall transmit the GRA IE with Repeat Indicator set to 1, signaling that the user can use the same allocation information as its last allocation. If one or more AMSs need to be deleted from the group in the frame where the GRA IE is either skipped or has the Repeat Indicator set to 1, then the signaling of deletion information shall be deferred to the next GRA IE.
When an AMS receives a Group Resource Allocation IE and it has not been deleted from the group, then it shall determine the location of its allocation by counting the resource allocation sizes of other AMSs appearing before it in the user bitmap. If the Repeat Indicator is set to 1 in the GRA IE, the AMS shall use the same LRUs as its last allocation. If an AMS does not receive the Group Resource Allocation IE in any of the subframes of a frame in which the IE was expected, then the AMS shall assume no allocations for the group in that frame.
15.2.8.3.4.1 Bitmaps in Group Resource Allocation

GRA uses of bitmaps to signal resource allocation information for usersAMSs within a group. These bitmaps are sent in the Group Resource Allocation IE. The first bitmap is the User Bitmap which uses 1 bit per AMS to signal which users are scheduled in the frame. 
The second bitmap is MIMO Bitmap which areis used to indicate the assigned MIMO mode, when multiple MIMO modes and SM parameters are supported in the group. The existence of second bitmap and the length of bits per scheduled AMS are listed in Table 31 and Table 32.

Table 31 – SecondMIMO Bitmap Information for DL
	MIMO Mode Set
	Existence of second bitmap
	Length of bit per scheduled AMS
	MIMO mode indication

	0b00
	No
	-
	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
	-
	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 32 – SecondMIMO Bitmap Information for UL
	MIMO Mode Set
	Existence of second bitmap
	Length of bit per scheduled AMS
	MIMO mode indication

	0b00
	No
	-
	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
	-
	OL MU-MIMO with Mt=1, TNS=2

	0b11
	Yes
	1
	0b0: CL SU-MIMO with Mt=1

0b1: CL MU-MIMO with Mt=1, TNS=2


When MIMO Mode Set of the group contains MU-MIMO, PSI Bitmap and Pairing Bitmap are appeared 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 bits per AMS to signal MCS and 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 bit length used for a scheduled AMS is determined by the total number of effective combinations for MCS 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 C={ C(0,0), C(0,1), …, C(M,B) }

Table 33-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 MCS set
IB : Group HARQ burst size set

N(m,b) : Required number of RUs for MCS m, HARQ data burst size b

· Step 3: For a given MCS, useless combination is chosen when it requires same resource size supporting a smaller HARQ data burst size than others due to the resource granularity. For m∈IM, b∈IB, d∈IB, and b>d, 
{C(m,b)} (U2 
if N(m,b) = N(m,d)
Where U2 is useless combination set type 2

· Step 4: Derive effective combination set (E) which is 

E = C-U1-U2
An index code is identified to each effective combination from lower MCS level and lower HARQ data burst size where n is determined by Ceil{log2(Total number of effective combinations)}.
Examples of the utilizing bitmaps are shown in Figure 399-, Figure 400-, and Figure 401- and Figure 402-.
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Figure 399–Example of Bitmaps with Group MIMO Mode Set: DL (0b00, 0b10), UL(0b00)
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Figure 400–Example of Bitmaps for Group MIMO Mode Set: DL (0b01), UL(0b01)
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Figure 401–Example of Bitmaps for Group MIMOMode Set: UL(0b10)
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Figure 402–Example of Bitmaps for Group MIMO Mode Set: DL(0b11), UL(0b11) 

15.2.8.5 HARQ Operation for Group Resource Allocation

15.2.8.5.1 HARQ Retransmissions

Only initial transmissions for a packet shall be scheduled through group resource allocation and HARQ retransmissions are scheduled through dynamic scheduling.
15.2.8.5.2 ACID Cycling

For group allocations, implicit ACID is used by applying ACID cycling. The initial ACID (Initial_ACID) for a GRA flow and the number of ACIDs (N_ACID) are signaled in the Group Configuration IE. When the transmission first starts for the flow, it starts with Initial_ACID and is incremented as (Initial_ACID+1) modulus (N_ACID). If there is no allocation for an AMS in a frame (in which allocation is expected based on GRA periodicity), the ACID value shall still be incremented according to the above formula. The SPID for a GRA allocation is always ‘00’.
15.2.8.5.3 HARQ Feedback Channel for Allocated and Deleted Users

HARQ Feedback channel allocations are provided to all allocated and deleted AMSs. The mechanism for allocating HARQ feedback channel for GRA users is described in sections 15.3.6.3.2.3 and 15.3.8.3.3.2.1. 

15.2.8.5.3.1 HARQ Feedback Channel for Deleted and Shifted Users in a Downlink Group
If a GRA IE specifies deleted and/or shifted AMSs, then the locations of HARQ Feedback allocations for these deleted and shifted AMSs immediately follows the HARQ feedback channels for scheduled AMSs. The HF indexes for deleted AMSs follow the HF indices for scheduled AMSs in the same order in which the deleted AMSs appear in the user bitmap. The HF indexes for shifted  AMSs follow the HF indices for deleted AMSs in the order of original indices of shifted AMSs in the user bitmap.

15.2.8.5.3.1 HARQ Feedback Channel for Deleted and Shifted Users in an Uplink Group

When the ABS signals deletion of AMSs from an uplink group, it explicitly signals the starting HARQ Feedback channel for the deleted AMSs. The deleted AMSs determine their exact HF indices based on the starting HF index and their index among the deleted AMSs of the group. The starting HF index for shifted users in UL group is similarly determined.
15.2.8.46 Error Handling Procedure
The group resource allocation mechanism requires error handling procedure in order to ensure the delivery of addition deletion and user bitmap index shifting information to AMSs in order to avoid resource wastage and collision among multiple AMSs. An implicit ACK mechanism shall be used for the Group Configuration IE. Since the allocations for an AMS are started in the same frame in which the Group Configuration IE is sent, in DL the ACK for the data burst allocation is considered as ACK for the Group Configuration IE also and in UL the presence of transmission in the allocated LRUs is considered an ACK for the Group Configuration IE. If the BS does not receive this ACK then it shall retransmit the Group Configuration IE.
The ABS will provide ACK channels for all AMSs deleted from a group. When an AMS receives a GRA IE in which the AMS is signaled as deleted, then the AMS shall send an ACK to the ABS in the assigned ACK channel. If the ABS does not receive an ACK from the AMS, then it shall retransmit the deletion information in the next GRA IE. The ABS shall not assign the deleted AMSs user bitmap index to any other AMS until the ABS has received an ACK from the deleted AMS. 
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