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Proposed Text on Determining ACID for Persistent Allocation 
(15.2.7.1)
Shweta Shrivastava, Rath Vannithamby, Roshni Srinivasan, Yuval Lomnitz, Aran Bergman, Tom Harel

 Intel Corporation
Introduction
This contribution proposes text to be included in the MAC procedure for Persistent Allocation in the IEEE 802.16m draft D2 [1].
ACID Cycling for Persistent Allocation
A Persistent Allocation A-MAP IE signals the resource allocation information for a flow and this resource allocation information persists over multiple frames. 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 a persistent 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 persistent 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 Persistent Allocation A-MAP IE. 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. An example of ACID cycling is depicted in fig. 1.
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Fig. 1. Implicit ACID cycling example for a PA user
The ACID cycling mechanism provides an efficient way to determine the ACID corresponding to a persistent allocation. However, 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. The ACID used in a particular frame depends on which frame the allocation started for the AMS. This method may also cause a problem when a persistently allocated AMS is reallocated due to change in value of one or more of its parameters. 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, persistent allocation period 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 persistent 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, 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.

Hence, in the low probability that the rare case happens where the calculated ACID is not available, the BS can schedule the AMS with dynamic scheduling and use an ACID out of the ACID range assigned to the AMS for persistent allocation. However, there is another issue with this approach. Since frame number wrap around affects all users at the same time, it may happen that the BS has to use dynamic scheduling for several users simultaneously. This may cause an undesirable effect for the scheduler where not enough resources are available to schedule all these users dynamically. In order to prevent the event that several users need dynamic scheduling simultaneously, we modify the formula of eq (4) as follows. 

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









(5)
Where Max_Frame_Number is the maximum possible value of Frame_Number, and is calculated using eq. (3) by substituting Superfame_Number with the maximum possible value of superframe number and Frame_Offset with the maximum value of frame offset (these values are (212 – 1) and 3 respectively).

Eq. (5) extends the formula of eq. (4), such that ACID for current allocation is not just a function of frame number, but a function of Frame_Number + STID, where STID is the Station ID and is unique for an AMS. Taking a modulus of this value with respect to the Max_Frame_Number ensures that the wrap around of this value happens in different frames for different MSs. 
The algorithm executed at the BS to schedule a persistent allocation is given in the flowchart of Fig. 2. The flowchart takes into account the case that dynamic scheduling may be used when the frame number wrap around happens.
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Fig. 2. Algorithm at the ABS to schedule a given AMS with Persistent Allocation
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Text proposal for inclusion in the 802.16m amendment
Adopt proposed text in sections 15.2.7.1 [1] starting on Page 143, Line 20 as shown. Existing text in the draft amendment [1] is shown in black and proposed text is shown in underlined blue font. Deleted text is struck out in red.
-------------------------------------------------  Begin Proposed Text  --------------------------------------------------- 
15.2.7.1 Allocation Mechanism

15.2.7.1.1 Allocation Mechanism for an Individual Connection
For individual persistent allocation in the DL/UL, the ABS shall transmit the DL/UL Individual Persistent A-MAP IE. Allocation of the persistently assigned resource begins in the DL/UL AAI subframe that is refer​enced by the DL/UL Individual Persistent A-MAP IE and repeats after an allocation period that is specified in the DL/UL Individual Persistent A-MAP IE. The attributes of the persistently allocated resource includ​ing size, location, MIMO encoder format and MCS are maintained as per the DL/UL Individual Persistent A-MAP IE. The values of ACID field and N_ACID field in the DL/UL Individual Persistent A-MAP IE are used together to specify an implicit cycling of HARQ channel identifiers. The allocation period and number of ACIDs required for persistent operation are configured in the DL/UL Individual Persistent A-MAP IE.
A persistently scheduled AMS shall be assigned a set of consecutive ACIDs. This set of ACIDs is determined from information in the fields of the DL/UL Persistent A-MAP IE. The Initial_ACID is obtained from the value of the ACID field in the DL/UL Persistent A-MAP IE corresponding to the first occurrence of a persistent allocation. The number of consecutive ACIDs assigned for subsequent persistent allocations, N_ACID  is determined from Allocation Period of the connection and the HARQ retransmission delay parameters for the connection.


The set of allowable ACIDs belong to the range [Initial_ACID, Mod(Initial_ACID+N_ACID–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. The ACIDs for an AMS implicitly cycle in this ACID range. Figure XXX illustrates the principle of implicit ACID cycling for persistent allocation.
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Figure XXX: ACID Cycling 
The ACID for an allocation shall be determined using the following formula.

ACID = Mod(Initial_ACID + Mod( floor( Mod( Frame_Number+Station_ID, Max_Frame_Number) / Allocation_Period),  N_ACID), 16)








(1)
where, 
ACID = ACID used for current allocation

Initial_ACID = ACID value signaled in the DL/UL Persistent A-MAP IE

Allocation_Period = Periodicity of persistent allocation in number of frames signaled in the DL/UL Persistent A-MAP IE

N_ACID= Number of ACIDs assigned to the AMS for persistent allocation, signaled in the DL/UL Persistent A-MAP IE

Frame_Number = Current frame number, which is given by eq. (2)
Station_ID = Station ID of the AMS

Max_Frame_Number = Maximum possible value of frame number

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. Max_Frame_Number can be calculated by substituting the maximum values of Superframe_Number and Frame_Offset in eq. (2) (which are (212 – 1) and 3 respectively).
In order to facilitate link adaptation and avoid resource holes, the attributes of a persistently allocated resource can be changed. To change an individual persistent assignment, the ABS shall transmit the DL Individual Persistent A-MAP IE for DL reallocation and the UL Individual Persistent A-MAP IE for UL reallocation respectively. If an AMS has an existing individual persistent allocation in a particular AAI sub​frame and receives a new individual persistent allocation in the same AAI subframe, the new individual per​sistent allocation replaces the original allocation (i.e., the original persistent allocation is de-allocated).

When the BS sends a PA A-MAP IE to reallocate a persistently assigned resource, a different HARQ feed​back channel must be assigned in the PA A-MAP IE used for reallocation. Reception of an ACK/NACK in the newly assigned HARQ feedback channel for the persistently assigned resource with the changed attributes will ensure that the reallocation A-MAP IE was received correctly.
-----------------------------------------------  End Proposed Text  ---------------------------------------------------
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