
 IEEE C802.16m-08/1446 
 

    1

 

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16> 

Title Resource Blocks for DL and UL Hybrid ARQ on 16m Frame Structure 

Date 
Submitted 

2008-11-03 

Source(s) Guosen Yue 
NEC Laboratories America, Inc. 

Meilong Jiang 
NEC Laboratories America, Inc 
 

E-mail:  
yueg@nec-labs.com  
 
meilong@nec-labs.com 
 
 

Re: IEEE 802.16m-08/042, Call for Contributions on Project 802.16m Draft Amendment Content 
(2008-10-09) 

Abstract This contribution proposes resource blocks for DL and UL Hybrid ARQ on 16m frame structure 

Purpose To be discussed and approved by TGm. 

Notice This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It 
represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for 
discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material 
contained herein. 

Release The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, 
and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name 
any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole 
discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The 
contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16. 

Patent 
Policy 

The contributor is familiar with the IEEE-SA Patent Policy and Procedures: 
<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and 
<http://standards.ieee.org/guides/opman/sect6.html#6.3>. 

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and 
<http://standards.ieee.org/board/pat>. 



 IEEE C802.16m-08/1446 
 

    2

Resource Blocks for DL and UL Hybrid ARQ on 16m Frame Structure 
 

Guosen Yue, Meilong Jiang 
NEC-Labs America 

1. Introduction 
This contribution focuses on defining the resource block for hybrid-ARQ (HARQ) based on the new frame 
structure in IEEE802.16m SDD [1]. From the basic frame structure defined in 802.16m, there exist two types of 
subframes: 1) the regular subframes with six OFDM symbols and 2) the irregular subframes with seven OFDM 
symbols. The co-existence of regular and irregular subframe and the resource unit defined based on such 
subframe structures make the HARQ allocation more complicate than the legacy system. Furthermore, the 
reduced transmission time interval (TTI) in IEEE802.16m provides the flexibility to minimize the HARQ 
process delay and round trip time (RTT) within the new frame structure.  

On the other hand, IEEE802.16m [1] has adopted the asynchronous hybrid ARQ for the downlink (DL) 
transmission. The retransmissions may occur at any time. For asynchronous hybrid ARQ in the DL, IEEE 
802.16m uses an adaptive HARQ scheme, in which the resource allocation and transmission format including 
the modulation and coding rate for the HARQ retransmissions can be different from the initial transmission. For 
the uplink (UL) transmission, IEEE802.16m has adopted the synchronous hybrid ARQ, so the retransmissions 
are restricted to occur at known time instants.  

Due to the existing irregular subframe structure and, consequently, the resource units of different sizes that may 
not be friendly on resource allocation for hybrid ARQ schemes in the DL and UL in TDD duplex scheme, the 
efficient design on the resource block for hybrid ARQ processes is then important. In this proposal, we 
investigate the frame structures and resource unit definition in IEEE 802.16m SDD [1], and provide a solution 
on the resource block for the hybrid ARQ for the DL and UL in TDD duplex scheme. We propose the definition 
of resource block for hybrid ARQ processes in both DL and UL, and introduce additional constraint on some 
cases of the UL hybrid ARQ as the amendments of IEEE802.16m SDD. 
 

2. Frame Structure in IEEE 802.16m 
The IEEE 802.16m basic frame structure is defined as follows [1]. Each 20 ms superframe is divided into four 
equally-sized 5 ms radio frames. Each 5ms radio frame is further divided into 8 subframes. Based on the 
bandwidth and the length of cyclic prefix (CP), there are two types of subframes: 1) the type-1 subframe which 
consists of six OFDMA symbols and 2) the type-2 subframe that consists of seven OFDMA symbols. In both 
subframe types, some of symbols may be idle symbols. 
 
In this proposal, we focus on TDD duplex scheme. An example frame structure with DL/UL ratio 5:3 in TDD 
duplex is shown in Fig. 1. The CP size is 1/8 Tu, where Tu is the OFDM symbol duration. Currently the frame 
structure in IEEE 802.16m SDD supports two cyclic prefix (CP) sizes, i.e., 1/8 Tu and 1/16 Tu. 
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Figure 1: Regular and irregular subframes in TDD duplex scheme (CP=1/8 Tu) 

For 1/8 Tu CP size, 48 OFDM symbols are formed. Each subframe consists of evenly 6 OFDM symbols. 
However, due to TDD duplex, TTG and RTG have to be inserted when the transmission switches between DL 
and UL. We can see from Fig. 1, to satisfy the 5m constraint in one radio frame, the last symbol in the DL 
portion (the last symbol in the fifth DL subframe) is set to be idle for TTG. Therefore, the effective number of 
OFDM symbols in that subframe is only 5. In the following text, we also refer the subframe with less effective 
number of OFDM symbols to as the irregular subframe. 

For some other CP size or DL/UL ratio, e.g., 1/16 Tu CP size, we may have subframes with 7 OFDM symbols. 
Table 1 summarizes the number of OFDM symbols for the DL and UL with different DL/UL ratio (from 1:7 to 
7:1 with one subframe increasing step in the DL portion) for both 1/8 Tu and 1/16 CP sizes.  

 

 CP 1/8 Tu CP 1/16 Tu 

 DL UL DL UL TTG(µs) RTG(µs) 

DL:UL=1:7 5(5) 42 5(5) 44(7,7) 134.2857 105.7143 

DL:UL=2:6 11(5) 36 12 38(7,7) 71.4286 71.4286 

DL:UL=3:5 17(5) 30 18 32(7,7) 105.7143 37.1429 

DL:UL=4:4 23(5) 24 24 25(7) 140.0000 100.000 

DL:UL=5:3 29(5) 18 31(7) 19(7) 77.1429 65.7143 

DL:UL=6:2 35(5) 12 37(7) 13(7) 111.4286 31.4286 

DL:UL=7:1 41(5) 6 43(7) 6 145.7143 94.2857 

       

Table 1. Number of OFDM symbols in the DL and UL portions in TDD duplex scheme (for CP=1/8 Tu, TTG 
and RTG are always 102.8571 µs and 62.86 µs, respectively, as in [1]).  

In Table 1, TTG and RTG for 1/16 Tu CP are calculated based on the alignment with IEEE 802.16e for DL and 
UL transmissions. The values may be different if other schemes are considered, e.g. [2]. The numbers in the 
parentheses are the numbers of OFDM symbols in the irregular subframe(s), i.e., (5) represent that there is a 
subframe with 5 OFDM symbols in this DL or UL portion, and (7,7) represents that there are two subframes 
with 7 OFDM symbols. We can see for 1/8 Tu CP, there is only one irregular subframe in the DL portion. 
However, for 1/16 Tu CP, there are irregular subframes in both DL and UL with 5 or 7 OFDM symbols 
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3. Physical Structure in IEEE 802.16m 
In IEEE 802.16m SDD [1], the resource block for transmission is defined as resource unit. A physical resource 
unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarrieres by Nsym 
consecutive OFDMA symbols where Psc=18, and the value of Nsym depends on the number of OFDM symbols 
in the subframe. Therefore, the PRU is a rectangular region aligning with the subframe boundary. For different 
types of subframes with different number of effective OFDM symbols, we have PRU with sizes of 18*5, 18*6, 
or 18*7 symbols. A logical resource unit (LRU) is the basic logical unit for resource allocations. The size of 
LRU, including the logical distributed resource unit (LDRU) and the logical localized resource unit (LLRU), is 
the same as that of the PRU. 

Similarly for the UL, a PRU is defined as Psc subcarriers by Nsym consecutive OFDMA symbols, where 
Psc=18 and Nsym is the number of OFDMA symbols depending on the subframe type. A logical resource unit 
(LRU) is the basic logical unit for data transmission in the UL. The size of LRU, including the logical 
distributed resource unit (LDRU) and the logical localized resource unit (LLRU), is the same as that of the PRU. 
For LDRU, the minimum unit for forming the LDRU is a tile of a size 6xNsym.  

4. Resource Block for HARQ  

4.1 Resource Block for UL HARQ 
IEEE802.16m [1] has adopted the synchronous hybrid ARQ for the UL so that the retransmissions are restricted 
to occur at known time instants. For UL synchronous hybrid ARQ, the resource block can be changed during 
the retransmission. Therefore, for UL hybrid ARQ, the transmission format for retransmission is exactly the 
same as the original transmission. Although the resource block can be changed, the size and shape of resource 
block should not be change. Only the allocation of the resource block can be rescheduled. Due to irregular 
subframe existing in IEEE 802.16m frame structure and definition of Nsym, there can be a problem for some 
cases of UL hybrid ARQ. 
 
As shown in Table 1, for 1/8 Tu CP size, the subframes in the UL portion for all DL/UL ratios are regular. 
Therefore, with any definition of LRU aligning with the subframe boundary, the synchronous hybrid ARQ for 
the UL can be satisfied. 
 
However for 1/16 Tu CP size and a certain DL/UL ratio in TDD duplex scheme, there could be a problem for 
synchronous non-adaptive UL hybrid ARQ if Nsym equals number of OFDM symbols in a subframe.  For 
example, Figure 2 illustrate a dysfunctional timing diagram for non-adaptive synchronous UL HARQ with 
DL:UL=2:6 for 8 hybrid ARQ processes. From Table 1, we know that there are two irregular subframes with 7 
OFDMA symbols each. We assume that the fifth and the sixth subframes are the irregular ones in a 5ms frame. 
As shown in Fig. 2, the UL subframe 5 is an irregular UL frame. For HARQ process 3, the first transmission is 
in the UL subframe 3 which is a regular subframe. Based on the non-adaptive synchronous HARQ protocol in 
[1], it is retransmitted at UL subframe 5. However, since the UL subframe 5 is irregular, the retransmission has 
to be redefined to another subframe. The UL subframe 5 should be defined for a new HARQ process. Similar 
mismatching problem exists in HARQ process 4, 5, and 6.  
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Figure 2: Mismatch problem in non-adaptive synchronous UL HARQ with irregular UL subframe (DL:UL=2:6) 

Therefore, for non-adaptive synchronous UL HARQ, to solve such mismatching problem, we propose to restrict 
the UL subframes for UL HARQ usage as follows.  

1) If the irregular subframe has more than 6 OFDM symbols, we treat this irregular subframe as a regular 
subframe by allocating only the first 6 OFDM symbols for HARQ process with the Nsym=6 in LRU. If 
the irregular subframe has less than 6 OFDM symbols, we do not allocate HARQ to this irregular 
subframe.  

2) Since for UL, Nsym for defining the PRU is to be determined, for both LDRU and LLRU, we propose 
that Nsym is allowed to be 2 or 3. Then a regular subframe consists of either 3 LRUs of size 18*2 or 2 
LRUs of size 18*3 along the same subcarriers. For the irregular subframe, the one with 5 OFDM 
symbols consists of 1 LRU of size 18*2 and 1 LRU of size 18*3, and the one with 7 OFDM symbols 
consists of 2 LRU of size 18*2 and 1 LRU of size 18*3 along the same subcarriers. 

Note that for 1) although there is no subframe with 5 or less OFDM symbols in Table 1, it may happen for other 
CP size, such as long CP frame structure as in [3]. With the fine resource unit definition, the mismatch problems 
shown in Fig. 2 can be easily solved. 

4.2 Resource Block for DL HARQ 
For DL transmission, we can see from Table 1, for 1/8 Tu CP size, although all the subframes have 6 OFDM 
symbols each, the last one in the DL portion has one OFDM symbol idle for TTG. Therefore, the effective 
number of symbol is only 5. Also as shown in Table 1, for 1/16 Tu CP size there are some irregular subframes 
with 7 OFDM symbols each. Based on the definition of PRU in SDD [1], the size of PRU is Psc*Nsym, where 
Psc=18, Nsym=6 or 7. For the subframe with 5 effective OFDM symbols, we have actually Nsym=5. Although 
in the DL, the asynchronous adaptive hybrid ARQ has been adopted in IEEE 802.16m [1] so that resource block 
and transmission format can be changed to adapt the size of subframe in the retransmission, the size of one PRU, 
the smallest resource unit, for DL is so large that could diminish advantages of adaptive hybrid ARQ. 

In DL hybrid ARQ, we propose a HARQ region consisting of several PRUs for multiple HARQ processes, 
which is similar to IEEE 802.16e format [4]. The resource block allocated to each HARQ process is not limited 
to the size of the PRU, which introduces the finer granularity on the resource block allocation for DL HARQ. 
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With this proposal, we can exploit the advantages of asynchronous adaptive hybrid ARQ. As shown in Fig. 3, 
the hybrid ARQ region contains several or more LRUs which spans to one or more subframes. The hybrid ARQ 
processes are allocated in the region. The resources are allocated to different hybrid ARQ processes in a 
sequential order shown in Fig. 3 excluding the subcarries for the pilots.  

 
Nsym=6 Nsym=5

Psc=18

Psc=18

The starting point of a
hybrid ARQ process

 
Figure 3: A resource block region for multiple hybrid ARQ processes in the DL. 

5. Conclusion 
We would like to propose the following text proposal as the amendment of IEEE 802.16m SDD. 
 
================================= Start of Proposed Text============================= 
(Insert the following at the end of Section 11.5.1 Physical and Logical Resource Unit) 
 
For hybrid ARQ, a resource block region consists of several PRUs for multiple HARQ processes. As shown in 
Fig. x, the hybrid ARQ region contains several or more LRUs which spans to one or more subframes. The 
resources are allocated to different hybrid ARQ processes in a sequential order shown in Fig.x excluding the 
subcarries for the pilots.  
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Figure x: A resource block region for multiple hybrid ARQ processes in the DL. 

 
 
(Insert the following at the end of Section 11.6.1 Physical and Logical Resource Unit) 

For PRU in the UL, Nsym can be 2, 3, or 6. 

If Nsym is 6, for the UL hybrid ARQ in TDD duplex, the PRU in the subframe with more than 6 OFDM 
symbols can still be allocated for the retransmissions by allocating only the first 6 OFDM symbols.  

  
================================= End of Proposed Text============================= 
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