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Proposed Text of UL HARQ Process Timing for the IEEE 802.16m Amendment
Chun-Yuan Chiu, Chun-Yen Wang, Fang-Ching Ren, Zheng Yan-Xiu, Richard Li
ITRI
1. Introduction
This contribution proposes the text for UL HARQ process timing to be included in the 802.16m amendment [1]. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D9 [2], it is compliant to the 802.16m SRD [3] and the 802.16m SDD [4], and it follows the style and format guidelines in [5].

2. Proposal in Section 15.2.x.x
The text proposed in this contribution is to detail the design of UL HARQ process timing including ACK/NACK assignment procedure and retransmission assignment procedure. The key items in the contribution are listed as follows: 
· The main concepts of “11.4 Frame Structure” and “10.2.2 HARQ in the Uplink” in the IEEE 802.16m SDD [4] are captured.
· IEEE 802.16m shall have the ability to configure differential ABS/AMS processing delays for different AMSs according to their capabilities and/or other criterions.

· The text follows design concepts shown in reference [6].
3. References
[1]  IEEE 802.16m-08/010, “IEEE 802.16m Amendment Working Document”
[2]
IEEE P802.16 Rev2 / D9, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access”
[3]
IEEE 802.16m-07/002r8, “802.16m System Requirements” 
[4]
IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”
[5]  IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[6]
IEEE 802.16m-08/307, “HARQ Process Timing and HARQ Process Number”
Text proposal for inclusion in the 802.16m amendment
---------------------------------------------------  Text Start  --------------------------------------------------- 

[Add the following into the P802.16m Amendment Working Document]
15.  Advanced Air Interface
15.2.  Medium access control
15.2.x   HARQ functions
15.2.x.x   HARQ in the uplink
IEEE 802.16m uses synchronous HARQ scheme in the uplink. 
For TDD, the number of HARQ processes, denoted by N, shall be determined by the DL/UL configuration and the configured ABS/AMS processing delays. 
The ABS processing delay, denoted by dbs, is time from end of reception of UL data burst to start of DL ACK/NACK transmission. The AMS processing (/scheduling) delay, denoted by dms, is time from end of reception of DL NACK to start of UL HARQ retransmission. The AMS negotiates the value of dbs and dms with the target ABS while in the Access state. The ranges of these two values are FFS.

Assume that the frame structure consists of continuous a downlink subframes and continuous b uplink subframes. The jth subframe within frame i is called as subframe k=i((a+b)+j. If an uplink data burst is transmitted at uplink subframe k, it will be processed until subframe k+dbs. If the next subframe k+dbs+1 is a downlink subframe, the associated feedback of the data burst is replied at the subframe. Otherwise, an additional delay to reach an available downlink subframe, denoted by dDL, is needed. The dDL can be calculated as max{0, b((k+1+dbs(a)mod(a+b)}. Denote that Fk is the number of subframe where the associated feedback of the data burst transmitted at subframe k is replied. Then Fk can be calculated as follows. 

Fk = max{k+dbs+1, k+dbs+[b((k+1+dbs(a)mod(a+b)]+1}.
(1)
If the AMS receiving a NACK at subframe Fk, a retransmission will be prepared until subframe Fk+dms. If the next subframe Fk+dms+1 is an uplink subframe, the retransmission is transmitted at the subframe. Otherwise, an additional delay, denoted by dUL, to reach an available uplink subframe is needed and can be calculated as max{0, a((Fk+1+dms)mod(a+b)}. Denote that Tk is the number of subframe where the new data packet (or retransmission) is transmitted. Then Tk can be calculated as follows.

Tk = max{Fk+dms+1, Fk+dms+[a((Fk+1+dms)mod(a+b)]+1}.
(2)

Denote that Nk is the amount of uplink subframes from uplink subframe k to subframe Tk(1. Then the value of N can be calculated as follows.

N = max{Nk, for all k = a to a+b(1},
(3)

where 
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According to equations (1)-(3), the value of N under various DL/UL ratios and ABS/AMS processing delays are summarized in Table XXX.
Table XXX: The Value of N.
	DL:UL
dbs/dms
	7:1
	6:2
	5:3
	4:4
	3:5
	2:6
	1:7

	1/1
	1
	2
	3
	4
	5
	6
	9

	1/2
	1
	2
	3
	4
	5
	7
	10

	2/1
	1
	2
	3
	4
	5
	7
	10

	2/2
	1
	2
	3
	4
	5
	8
	11

	1/3
	1
	2
	3
	4
	6
	8
	11

	3/1
	1
	2
	3
	4
	6
	8
	11

	2/3
	1
	2
	3
	4
	6
	9
	12

	3/2
	1
	2
	3
	4
	6
	9
	12

	3/3
	1
	2
	3
	4
	7
	10
	13

	1/4
	1
	2
	3
	5
	7
	9
	12

	4/1
	1
	2
	3
	5
	7
	9
	12

	2/4
	1
	2
	3
	5
	7
	10
	13

	4/2
	1
	2
	3
	4
	5
	6
	9

	3/4
	1
	2
	3
	4
	5
	7
	10

	4/3
	1
	2
	3
	4
	5
	7
	10

	4/4
	1
	2
	3
	4
	5
	8
	11

	1/5
	1
	2
	4
	6
	8
	10
	13

	5/1
	1
	2
	4
	6
	8
	10
	13

	2/5
	2
	3
	4
	6
	8
	11
	14

	5/2
	2
	3
	4
	6
	8
	11
	14

	3/5
	2
	4
	5
	6
	9
	12
	15

	5/3
	2
	4
	5
	6
	9
	12
	15

	4/5
	2
	4
	6
	7
	10
	13
	16

	5/4
	2
	4
	6
	7
	10
	13
	16

	5/5
	2
	4
	6
	8
	11
	14
	17

	…
	…
	…
	…
	…
	…
	…
	…


For scheduled UL HARQ transmissions in subframe k, an AMS shall determine the corresponding ACK/NACK resource in subframe k+fk, where fk (i.e., ACK/NACK delay) is calculated as following equation and summarized in Table YYY. 
fk = max{dbs+1, dbs+[b((k+1+dbs(a)mod(a+b)]+1}.
Table YYY: ACK/NACK Assignment Procedure.
	DL/UL ratio
	UL subframe index k

	
	0
	1
	2
	3
	4
	5
	6
	7

	7:1
	(
	(
	(
	(
	(
	(
	(
	max{dbs+1, dbs+2((dbs+1)mod8}

	6:2
	(
	(
	(
	(
	(
	(
	max{dbs+1, dbs+3((dbs+1)mod8}
	max{dbs+1, dbs+3((dbs+2)mod8}

	5:3
	(
	(
	(
	(
	(
	max{dbs+1, dbs+4((dbs+1)mod8}
	max{dbs+1, dbs+4((dbs+2)mod8}
	max{dbs+1, dbs+4((dbs+3)mod8}

	4:4
	(
	(
	(
	(
	max{dbs+1, dbs+5((dbs+1)mod8}
	max{dbs+1, dbs+5((dbs+2)mod8}
	max{dbs+1, dbs+5((dbs+3)mod8}
	max{dbs+1, dbs+5((dbs+4)mod8}

	3:5
	(
	(
	(
	max{dbs+1, dbs+6((dbs+1)mod8}
	max{dbs+1, dbs+6((dbs+2)mod8}
	max{dbs+1, dbs+6((dbs+3)mod8}
	max{dbs+1, dbs+6((dbs+4)mod8}
	max{dbs+1, dbs+6((dbs+5)mod8}

	2:6
	(
	(
	max{dbs+1, dbs+7((dbs+1) mod8}
	max{dbs+1, dbs+7((dbs+2) mod8}
	max{dbs+1, dbs+7((dbs+3) mod8}
	max{dbs+1, dbs+7((dbs+4) mod8}
	max{dbs+1, dbs+7((dbs+5) mod8}
	max{dbs+1, dbs+7((dbs+6) mod8}

	1:7
	(
	max{dbs+1, dbs+8((dbs+1) mod8}
	max{dbs+1, dbs+8((dbs+2) mod8}
	max{dbs+1, dbs+8((dbs+3) mod8}
	max{dbs+1, dbs+8((dbs+4) mod8}
	max{dbs+1, dbs+8((dbs+5) mod8}
	max{dbs+1, dbs+8((dbs+6) mod8}
	max{dbs+1, dbs+8((dbs+7) mod8}


For scheduled UL HARQ transmissions in subframe k, if an AMS receives NACK in subframe k+fk, the AMS shall schedule UL HARQ retransmissions in subframe k+tk, where tk is calculated as following equation and summarized in Table ZZZ.
tk =
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Table ZZZ: Retransmission Assignment Procedure.
	DL/UL ratio
	UL subframe index k

	
	0
	1
	2
	3
	4
	5
	6
	7

	7:1
	(
	(
	(
	(
	(
	(
	(
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