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Introduction
This contribution proposes text to be included in the MAC procedure for Group Resource Allocation in the IEEE 802.16m draft D3 [1]. The proposed text refers to ACID cycling mechanism in GRA. 
ACID Cycling for Group Resource Allocation

A Group Resource Allocation A-MAP IE (GRA IE) signals the resource allocation information for flows that were previously added to the corresponding group. In order to save overhead, ACID for the resource allocation is not explicitly signaled in the GRA IE. However, delay budget and HARQ retransmission delay constraints do not allow the use of same ACID for multiple consecutive allocations. Hence a mechanism is needed to implicitly determine the ACID corresponding to an allocation without the need to signal it explicitly in A-MAP IE. This mechanism is that of ACID cycling, which has also been used for persistent scheduling in IEEE 802.16e Rev 2. 

ACID cycling works as follows. Each flow using group resource allocation is assigned the range of ACIDs [Initial_ACID, mod(Initial_ACID+N_ACIDs-1,16)], where the parameters Initial_ACID and N_ACID are configuration parameters for each flow that are signaled in the Group Configuration MAC Control message. Initial_ACID is the HARQ channel identifier corresponding to the first occurrence of the persistent allocation and N_ACID is the total number of ACIDs in the assigned range. For each next allocation, the ACID used in the previous allocation is incremented by 1 till the maximum value of the range is reached, after which the ACID cycles back to Initial_ACID. The ACID increments by 1 every p frames (where p is the periodicity), irrespective of whether the flow is provided allocation in that frame or not. An example of ACID cycling is depicted in fig. 1.
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Fig. 1. Implicit ACID cycling example for a GRA user
The ACID cycling mechanism provides an easy way to determine the ACID corresponding to a flow’s allocation in a group, without explicit signaling in the A-MAP IE. However, this mechanism has certain issues:

· The method of determining the ACID for next allocation is error-prone, because it requires the AMS to keep track of the last ACID used or a counter. The value of the last ACID or counter may not be incremented if a corresponding frame is lost, and the AMS will go out of sync with the ABS.
· The ACID used in a particular frame depends on which frame the allocation started for the AMS (flow). With GRA, it is not always possible to correctly determine the frame where first allocation is provided. There is a probability that the AMS misses the first GRA A-MAP IE where the ABS used Initial_ACID. When the AMS receives the second GRA A-MAP IE, it will assume it as the first allocation and use Initial_ACID whereas the actual ACID used will be Initial_ACID + 1. 

· This method may also cause a problem when an AMS is reallocated due to change in value of one or more of its parameters (i.e. a group change occurs). When the re-allocation happens, the ACID will reset to the Initial_ACID. However, that ACID may not be available because it may still be performing HARQ retransmissions for a previous packet.
Proposal for Determining ACID with ACID Cycling

In this contribution, we propose a mechanism to determine the ACID for a given allocation without the need to keep track of the last ACID used. This will greatly reduce the probability of error in determining the ACID.

From the example of fig. 1, we see that the ACID is incremented every p frames, where p is the allocation period. Thus, for the case where Initial_ACID is 0, the ACID for the current allocation is simply a function of the current frame number, group resource allocation periodicity and number of ACIDs in the assigned range. Thus the current ACID can be determined as

Current_ACID = Mod( floor( Frame_Number / Allocation_Period), N_ACIDs).
(1)

Now let’s consider the case where Initial_ACID is non-zero. The above formula can be modified for this case as

Current_ACID = Initial_ACID + Mod( floor( Frame_Number / Allocation_Period), N_ACIDs).
(2)

The Frame_Number parameter in the above formula identifies the frame of current allocation and is calculated as follows.

Frame_Number = Superframe_Number * 4 + Frame_Offset
(3)
Where Frame_Offset is the offset of the current frame with respect to the start of the corresponding superframe. The value of Frame_Offset varies from 0 to 3.

A slight modification is required to the formula of eq. (2) to take into account the fact that the total number of ACIDs is limited to 16. For example, if the Initial_ACID is 14 and N_ACID is 4, then eq (2) takes the range as [14, 15, 16, 17], whereas the actual range should be [14, 15, 0, 1]. The formula can be corrected as follows.

Current_ACID = Mod( Initial_ACID + Mod( floor( Frame_Number / Allocation_Period), N_ACIDs), 16)
(4)

Table 1 compares the ACID values with original ACID cycling and with ACID cycling based on the new formula with an example. The table shows that with the formula of eq. (4), the ACID is independent of when the allocation started, and the cycling is not affected by reallocation (the highlighted row in the table corresponds to the frame where reallocation happens).

Table 1. Example of ACID Cycling 

(Initial_ACID = 11, N_ACID = 4, Allocation Period = 4, Alloc start frame = 6)

	Frame Number
	ACID based on current draft
	ACID based on new formula

	6
	11
	12

	10
	12
	13

	14
	13
	14

	18
	14
	11

	22
	11
	12

	26
	12
	13

	30
	13
	14

	34
	14
	11

	38
	11
	12

	42
	12
	13

	46
	11
	14

	50
	12
	11

	54
	13
	12

	58
	14
	13

	62
	15
	14

	66
	16
	11

	70
	17
	12

	:
	:
	:


The formula of eq. (4) makes the ACID determination independent of the previous ACID used and hence eliminates probability of error in ACID determination. In addition, it does not tie the ACID value with a particular instance of group resource allocation and avoids ACID reset at reallocation. However, there is a corner case where ACID reset might still happen with the formula. This is the case when the maximum value of frame number is reached, and the frame number wraps around to 0. If the maximum value of frame number is not an integer multiple of Allocation_Period or N_ACIDs, then some ACIDs may be skipped at this wrap around. The problem can be explained better by the hypothetical example of table 2 where we assume that frame number field uses 5 bits, i.e the maximum frame number is 31. The other parameters are as follows: Initial_ACID = 11, N_ACID= 5, Periodicity = 4, allocation start frame = 2. We can see that at the frame number wrap around, the ACID cycles from 13 back to 11 instead of going to 14. It may happen that ACID 11 is not available in frame 2 because the retransmissions of a previous packet are not complete. 

Table 2. Example of ACID Reset at frame number wrap around

	Frame Number
	ACID

	2
	11

	6
	12

	10
	13

	14
	14

	18
	15

	22
	11

	26
	12

	30
	13

	2
	11

	6
	12

	10
	13

	:
	:


In a real scenario, the ACID reset does not have much effect on persistent allocation because

· Maximum frame number is a large value (~16400), and hence the frame number wrap around happens very infrequently.

· ACID reset occurs only in the case when N_ACID is not a power of 2 (Allocation_Period is always a power of 2 based on the Persistent Allocation A-MAP IE). 

· The issue arises only if the calculated ACID is not empty. There is high probability that the transmission of the previous packet in the calculated ACID is completed by the time wrap around happens. If the allocation period is 4 frames, then at least one retransmission of the packet would have completed by the time the next allocations comes. Hence the event will happen only when 2 or more retransmissions are needed.

In the low probability that this event occurs, the ACID collision can be handled by dropping the previous transmission in that ACID to free it up for the new packet. This will not make any significant difference to the packet drop.
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Text proposal for inclusion in the 802.16m amendment
Adopt proposed text in sections 16.2.9.3.1.2 and 16.2.9.4 of [1] as shown. Existing text in the draft amendment [1] is shown in black and proposed text is shown in underlined blue font.

-------------------------------------------------  Begin Proposed Text  --------------------------------------------------- 
16.2.9.3.1.2 AMS Operation
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 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 Group Resource Allocation A-MAP IE until it is deleted from the group.
When an AMS is added to a group, the AMS shall be assigned a set of consecutive ACIDs to be used for group allocations. This set of ACIDs is determined by the parameters Initial_ACID and N_ACIDs signaled in the Group Configuration MAC control message. The set of allowable ACIDs belong to the range [Initial_ACID, Mod(Initial_ACID+N_ACIDs–1,16)], where the operation Mod(x,y) is the remainder of division of x by y. For integers x and y, Mod(x,y) lies between 0 and y-1,
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16.2.9.4 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.
The ACID corresponding to a resource allocated to an MS in a given frame is not explicitly signaled in the Group Resource Allocation 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.
ACID = Mod(Initial_ACID + Mod( floor( Frame_Number / Allocation_Period),  N_ACID), 16)
(1)
where,

ACID = ACID used for current allocation

Initial_ACID = Initial ACID parameter signaled in the Group Configuration MAC Control Message
Periodicity = Periodicity of group resource allocation in terms of number of frames signaled in the Group Configuration MAC Control Message
N_ACIDs = Number of ACIDs assigned to the AMS for group resource allocation, signaled in the Group Configuration MAC Control Message 
Frame_Number = Current frame number, which is given by eq. (2) below
The Frame_Number parameter is determined as


Frame_Number = Superframe_Number * 4 + Frame_Offset



(2)
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 Group Resource Allocation 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 Group Resource Allocation A-MAP IE is received.
-----------------------------------------------  End Proposed Text  ---------------------------------------------------
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