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IEEE 802.16m Rapporteur Group for HARQ – Final Report
Sassan Ahmadi, Shashikant Maheshwari, Thierry Lestable

HARQ Rapporteur Group Chairs
1 Objectives

During TGm session#55, hosted in Macau, the HARQ Rapporteur Group was created, and its scope together with its process was defined in [8] as the following:
“The HARQ [“HARQ”] Rapporteur Group is chartered to develop proposed baseline content regarding the Hybrid ARQ structure suitable for use in the 802.16m System Description Document (SDD). It shall be submitted by the Rapporteur Group as a Task Group m contribution by 7 July 2008, with the expectation that it could be accepted by Task Group m at Session #56. The Rapporteur Group shall also submit a report of its activities as a TGm contribution by the same deadline. Rapporteur Group Chairs are Sassan Ahmadi, Shashikant Maheshwari, and Thierry Lestable.”
The HARQ RG Chairs thus decided to propose recommendations for evaluation criteria to facilitate narrowing down options, and thus develop harmonized SDD text for Project 802.16m HARQ functions (limited to HARQ timing and protocols) initially based on proposals submitted in Session #55. 

The HARQ PHY aspects (e.g. channel coding) are within the scope of Call for Contributions (CfC) targeting session #56 and will be thus dealt with later.
2  Scope

Identify areas where consensus can be built through discussions in the Rapporteur Group and outline potential options and leave unresolved issues to TGm for consideration. Final down selection of proposed text will be made by TGm in Session #56.

3  Summary of Activities
Following session #55, the Rapporteur Group chairs generated an initial draft SDD text for HARQ functions, together with shared a clear and detailed work plan document [10]. 

The Rapporteur Group chairs provided an excel-sheet [9] containing the list of contributions that were submitted in Session #55 with content related to HARQ and their key features on 5/28/2008. (A table listing those contributions is given in Appendix C)
1. The Rapporteur Group chairs provided a separate template [11] to capture major impacts of the proposed schemes on certain functionalities and features such as persistent scheduling, delay, power saving, etc. to be filled by the proponents on 5/28/2008. 

2. Authors were requested to send the Rapporteur Group chairs the latest revision of the submitted contributions, if proposed text and associated figures were not submitted in MS Word or PowerPoint format.

3. The contributors were required to update the excel sheet [9] and provide their views on the design criteria as well as major impacts of the methods [11] (update the initial documents) and return their updates by 6/4/2008. The files were uploaded to the TGm member upload facility at http://dot16.org/memberupload TGm_HARQ. Inputs from all the proponents were consolidated and provided in [1] and [2] at the HARQ upload facility.
4. The Rapporteur Group chairs provided the first working draft [3] on 6/13/08 based on the member contributions and updates.

5. Members were encouraged to express their views and to suggest changes to the proposed draft through discussions on the 802.16m Google group email reflector between 6/13/2008 and 6/20/2008. 

6. An updated working draft was created where proposed text from contributions was merged by Rapporteur Group chairs wherever consensus was observed. Where there was no consensus, options were identified using bracketed text. The updated draft [4] was available to the Rapporteur Group on 6/27/2008.

7. The Rapporteur Group chairs further proposed some performance metrics and evaluation criteria in [5] and provided the Rapporteur Group an extended opportunity to review and comments and refine the performance metrics and evaluation criteria. The Rapporteur Group was asked to provide self-assessment based on the commonly accepted metrics by 7/14/2008. The inputs have been consolidated in [6] and presented to the Rapporteur Group for discussion and to facilitate quantitative and objective decision making (see Appendix A with consolidated inputs from membership regarding each criterion).
8. Members were encouraged to continue discussions and to express their views on the reflector between 6/27/2008 to 7/2/2008 with the goal of reducing the options for the purpose of decision making of TGm in the July meeting and consensus building on HARQ design criteria.

9. The Rapporteur Group chairs submitted the final draft SDD text [7] as a contribution to TGm on Monday 7/7/2008. Besides, in order to facilitate further decisions making a complementary SDD text [12] including latest comments and remarks from TGm members participating to the HARQ RG have also been submitted.
10. A call for comments on the contribution from the Rapporteur Group was issued with a deadline of 12:00 PM US Mountain Daylight Saving Time (Denver time) on Monday 07/14/2008 and where the comments would be resolved in TGm Session #56.

11. The HARQ Rapporteur Group met during session #56 in Denver, CO on Tuesday July 15, 2008. 
12. The consolidated commentary file (C80216m-HARQ-08_29.cmt) was discussed and comments against the SDD baseline text (C80216m-08_769r1.doc) were resolved and related contributions were presented and discussed in the group. 
13. The results of the comment resolution were documented and uploaded as C80216m-HARQ-08_29r1.cmt on the HARQ upload facility, and as C80216m-08_867.cmt on the TGm upload server.
14. During the HARQ RG discussions in session #56, three different options for the DL and UL were identified, as follows
a. Option-1: for synchronous HARQ, resource at the retransmissions in the downlink can be fixed or adaptive according to control signaling.

b. Option-2: for asynchronous HARQ, IEEE 802.16m uses an adaptive HARQ scheme in the downlink.  In adaptive asynchronous HARQ, the resource allocation and transmission format for the HARQ retransmissions may be different from the initial transmission. In case of retransmission, control signaling is required to indicate the resource allocation and transmission format along with other HARQ necessary parameters.

c. Option-3: for synchronous HARQ, resource at the retransmissions in the downlink can be fixed or adaptive according to control signaling. For asynchronous HARQ, IEEE 802.16m uses an adaptive HARQ scheme in the downlink.  In adaptive asynchronous HARQ, the resource allocation and transmission format for the HARQ retransmissions may be different from the initial transmission. In case of retransmission, control signaling is required to indicate the resource allocation and transmission format along with other HARQ necessary parameters.
15. Proponents of each option were asked to provide as much information as possible on their respective proposal. The results are summarized in Appendix B of this report.

16. The Rapporteur Group was not able to reach consensus on a working assumption for IEEE 802.16m HARQ based on the available options. Therefore, all three options are equally stand.
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Appendix A

Input comments with respect to the performance metrics

	Parameter
	Evaluation
	Assumption
	Definition and Attributes and Common Assumptions 

	Retransmission Scheduling Flexibility (Support of Persistent Scheduling)
	X
	
	Proponent to describe how their HARQ proposal support persistent scheduling 

==

[C80216m-HARQ-08_018.doc]: D.Sung (
At least, it needs to be described how each HARQ proposal could mitigate the collisions with persistently allocated INITIAL transmissions. Further cases could be revisited after basic persistent scheduling operation is discussed.
==

[C80216m-HARQ-08_010.doc] : Mo-Han Fong

(Comments: please clarify what is the level of information expected? Is it only qualitative description? If it is quantitative analytical information, a common set of assumptions are required. Note that the support of persistent scheduling has not been agreed upon since whole VoIP issues are still to be discussed in TGm)

==

[C80216m-HARQ-08_009r1.doc]: Sean McBeath (
Proponent should describe how new packets are handled.  For example, new packets may occur at predefined times, may be signaled, may be detected, etc.

[C80216m-HARQ-08_026.doc] : Sean McBeath (
==

[C80216m-HARQ-08_025.ppt] : Jaewon Cho (
[C80216m-08_856.ppt] : Jaewon Cho: (
==

[C80216m-HARQ-08_028.doc]: Yujian Zhang (
==

[HARQ RG Chairs]

> We agree that persistent scheduling has not been agreed and require further discussion, but in order to evaluate HARQ proposal, we request the proponent to describe how their HARQ proposal support persistent scheduling, how the retransmission will be handled and provide quantitative information to support their HARQ proposal. Due to limited time, it is not possible to agree on detailed parameters, we request, you to provide your parameters/assumption along with your HARQ proposal. Proponents are requested to propose any set of assumptions you feel necessary and discuss with other proponent via reflector.



	Signaling Overhead
	X
	
	L2 signaling overhead.  as defined in Appendix I of IEEE 802.16m evaluation methodology document.

Proponents are requested to provide an estimate of the signaling overhead items corresponding to their proposal and compare them against the reference system examples include

· Resource indication/allocation (bits)

· MCS (bits)

· HARQ process number (bits)

· CID (bits)

· New data indicator (bits)

· Redundancy version (bits)

· Scheduling overhead (e.g., resource holes in persistent scheduling)
==

[C80216m-HARQ-08_019.doc] : Jaewon Cho (
Delete “as defined in Appendix I of IEEE 802.16m evaluation methodology document”

[comment: Not clear how to apply the definition/description in Appendix I of the EMD (08/004r1) to the signaling overhead analysis for the purpose of comparing different HARQ protocols. Clarify it, or delete the relevant text.]

[C80216m-08_856.ppt] : Jaewon Cho (
[HARQ RG Chairs]

> When calculating the signaling overhead and providing the estimates, We request proponents to refer as much as possible to EMD. It is correct that appendix I is only informative, and corresponds only to some guidelines. So most important aspect is to try as far as possible to ensure compliancy to EMD.

==

[C80216m-HARQ-08_018.doc] : D.Sung (
Delete:

· ‘CID (bits)’: HARQ related parameter only seems to be enough. In case of CID field, it depends on DL control signal structure (e.g. joint or separate coding, explicit or implicit CID signaling).

· Scheduling overhead: The definition of ‘resource holes’ needs to be clarified. What is the relationship between resource holes and generic HARQ retransmissions?
[HARQ RG Chairs]

> If you believe that CID is not required than could you provide the assumption and how to signal the burst to MS? In some HARQ schemes e.g. synchronous HARQ, there is probability of resource holes, therefore, how do you deal with resource holes needs to be explained. If we don’t estimate the resource holes that it will be considered as overhead and if we utilize the resource holes for different traffic then further explanation is required.

==

[C80216m-HARQ-08_010.doc] : Mo-Han Fong (
Delete:

· CID (bits)

· Scheduling overhead

(Comments: since signaling issue ties closely to the DL control topic and detailed content on DL control has not been decided, it would be better to focus on fields that are strictly related to comparing different HARQ schemes. In order to adequately compare the input from different proponents, a common set of assumptions need to be established, e.g. HARQ retransmission probability, maximum number of RUs assigned to each user etc.)

[HARQ RG Chairs]

> We understand that multiple issues are tightly coupled but in order to make progress, we request you to provide the best estimates of overhead. You can assume in your analysis that CID or other parameters may not be required and provide the overhead estimates along with your assumptions.  Please see above response related to scheduling overhead.

==

[C80216m-HARQ-08_009r1.doc] : Sean McBeath (
Deleted:

· Resource indication/allocation (bits)

· MCS (bits)

· CID (bits)

Proposed:

· [Only HARQ related fields should be included]

· New data indicator (bits)

· Redundancy version (bits)

Comment about ‘Scheduling overhead’: [The following field is not clear.  Is this the amount of additional signaling overhead required to mitigate resource holes?]

[C80216m-HARQ-08_026.doc] : Sean McBeath (
[HARQ RG chairs]

> You are right, this is related to resource holes Please see above comments related to scheduling overhead.
==

[C80216m-HARQ-08_028.doc]: Yujian Zhang (
No resource holes in persistent scheduling

==

[HARQ RG Chairs]

> it seems there is consensus to delete some parameters (e.g. CID, Scheduling overhead) here in order to focus on more tightly HARQ ones. We need your feedback to clarify this, thanks to more technical explanations.



	Robustness
	X
	
	Proponents to describe system recovery from the errors and initial MAP loss using their proposed HARQ scheme 

==

[C80216m-HARQ-08_010.doc] : Mo-Han Fong

(Comments: please clarify what is the level of information expected? Is it only qualitative description of the error recovery procedure? If is quantitative, a common set of assumptions are required)

==

[C80216m-08_856.ppt] : Jaewon Cho (
==

[C80216m-HARQ-08_028.doc]: Yujian Zhang (
==

[C80216m-HARQ-08_026.doc] : Sean McBeath (
==

[HARQ RG chairs]

> It could be both. Please explain how your proposed HARQ scheme deal with the errors and MAP loss and how much impact it will have on the throughput or system capacity.

==

	Delay
	N/A
	N/A
	Calculate the latency assuming an Initial block error rate of [10%]

Maximum number of retransmissions = [4] (including initial transmission) and other parameters from IEEE 802.16m frame structure and based on the existing table in IEEE 802.16m SDD C80216m-08/003r3 Appendix 2.

Average link access delay should be less than [10 ms].

==

[C80216m-HARQ-08_019.doc] : Jaewon Cho

All deleted, replaced by “Proponents are requested to provide an estimate of the delay corresponding to their proposal and compare them against the reference system.”

[comment: The proposed definition and assumption by RG chairs is not proper for performance evaluation and comparison of different HARQ protocols (e.g. synchronous vs. asynchronous). The 16m SRD latency requirement is for unloaded conditions (see page 12, line 4, IEEE 802.16m-07/002r4), and the latency analysis in SDD Appendix 2 are under unloaded conditions, too. Hence, such kind of delay analysis cannot give meaningful results for the intended performance comparison.]

[C80216m-08_856.ppt] : Jaewon Cho (
==

[C80216m-HARQ-08_018.doc] : D.Sung 
“Delay” seems not to be the decision criterion between asynchronous and synchronous HARQ. Since, it is an implementation issue how much delay would be imposed to MSs during asynchronous HARQ retransmissions; asynchronous HARQ could also have same delay as synchronous HARQ.

==

[C80216m-HARQ-08_010.doc]: Mo-Han Fong

(Comments: please clarify how this metric is affected by synchronous versus asynchronous and adaptive versus non-adaptive)
HARQ RG Chairs response>

==

[C80216m-HARQ-08_009r1.doc] : Sean McBeath

Deleted.

[This metric does not lead to decisions among the types of HARQ outlined in 005r1.]

[C80216m-HARQ-08_026.doc] : Sean McBeath [N/A]

==

[C80216m-HARQ-08_028.doc]: Yujian Zhang (
Data plane access latency is 3.81 ms + T’ASN_GW+TR6

	ACK to NACK and NACK to ACK Errors
	
	X
	Proponents to provide a self-assessment of the performance of their HARQ scheme in presence of ACK to NACK and NACK to ACK errors and indicate the error probability assumed for the analysis.

==

[C80216m-HARQ-08_019.doc]: Jaewon Cho

DELETE PARAMETER.

[comment: ‘ACK to NACK and NACK to ACK Errors’ are not metric for HARQ protocol performance, but that for HARQ feedback channel performance. So, they should be removed in the performance metric list. Just need of proponents’ description of assumption/modeling for ‘ACK to NACK and NACK to ACK Errors’ used in their analysis.]

[C80216m-08_856.ppt] : Jaewon Cho (
==

[C80216m-HARQ-08_010.doc] : Mo-Han Fong (
(Comments: in order to adequately compare the input from different proponents, a common set of assumptions should be used, e.g. probability of ACK to NACK error, probability of NACK to ACK error, probability of retransmissions etc.)

==

[C80216m-HARQ-08_028.doc]: Yujian Zhang (
==

[C80216m-HARQ-08_026.doc] : Sean McBeath (


	Probability of retransmission
	
	X
	[C80216m-HARQ-08_010.doc] : Mo-Han Fong (
==

[C80216m-HARQ-08_026.doc] : Sean McBeath (



Appendix B

Relative comparison of various options for DL/UL HARQ schemes in terms of agreed performance metrics

	Parameter


	Option 1

(C80216m-08/856)
	Option 2

(C80216m-HARQ-08/028)
	Option 3

(C80216m-HARQ-08/026)

	System Throughput

(w/o signaling overhead)
	Only 1.7% difference between synchronous and asynchronous
	N/A
	N/A

	Retransmission Scheduling Flexibility (Support of Persistent Scheduling)
	Propose synchronous HARQ with allowing resource allocation.
	For persistent scheduling, initial transmissions are scheduled by layer 2 signaling. Retransmissions are always scheduled by DL control signaling.

For retransmissions, BS can select the transmission timing which meet both the minimum and maximum delay requirement (minimum delay is to consider the round trip and processing time while the maximum delay is to constrain overall delay).
	Asynchronous HARQ

In 802.16 Revision 2, persistent scheduling for asynchronous HARQ is supported by defining an allocation period and a set of ACIDs, which cycle in an implicit manner.  We recommend a similar procedure in 802.16m.

Synchronous HARQ

For synchronous HARQ, persistent scheduling relies on some mechanism for indicating or detecting new packets.  Like in asynchronous HARQ, an allocation period field can be added to the grant message, which defines the timing of new packets.  There are alternatives, which should be considered.  First, a physical layer channel can be defined for indicating new packets.  Second, the MS could detect new packets.  



	Signaling Overhead
	Overhead increase for asynchronous and adaptive = 51.7%!

For synchronous Non-adaptive:

- Resource indication: 10 bits

- MCS: 4 bits

- CID: 16 bits

( Total = 30 bits, instead of 37 bits for asynchronous adaptive.


	Resource indication/allocation

· Highly dependent on bandwidth and actual schemes used. Assuming 10 MHz system bandwidth with 851 used subcarriers, there are around 47 RBs. 

· With contiguous allocation (in logical sense), the number of bits is 11.

·  With non-contiguous allocation, the maximum number of bits is 47 to indicate bitmap with full flexibility. There are various ways to reduce such overhead by grouping RBs.

MCS bits: 5 bits

HARQ process number: 3 bits

CID: 16 bits

New data indicator: 1 bit

Redundancy version: 2 bits

No resource holes in persistent scheduling
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Scheduling overhead (e.g., resource holes in persistent scheduling)

Asynchronous HARQ

For asynchronous HARQ, when persistent scheduling is used, there is signaling overhead associated with filling resource holes due to transitions between traffic and no traffic (for example the silence period for VoIP).  The amount of overhead depends on the resource allocation scheme.

Synchronous HARQ

For synchronous HARQ, there is signaling overhead associated with filling resource holes due to HARQ early termination.  The amount of overhead depends on the scheme for indicating new packets.  For example, with fixed timing of new packets, there may be more resource holes, whereas if new packets are indicated using a physical layer channel, there may be fewer resource holes.    

For synchronous HARQ, when persistent scheduling is used, there is signaling overhead associated with filling resource holes due to transitions between traffic and no traffic (for example the silence period for VoIP).  The amount of overhead depends on the resource allocation scheme.  

Resource Adaptive Synchronous HARQ

Resource adaptive synchronous HARQ can be used to minimize the overhead associated with filling resource holes.  The amount of overhead reduction depends on the signaling scheme.  Group signaling can be used to minimize the overhead.

	Robustness
	Comparable Robustness to Asynchronous HARQ

- Recovery from initial MAP loss

* various handling schemes of MAP loss can be applied (e.g. MAP loss detection by using MAP ACK-CH, or null detection of ACK-CH)

- Recovery from ACK-CH Error

* NACK to ACK error: occurrence probability very low

* ACK to NACK error: 

BS retransmits packet but MS does not do anything

This error can be detected by Null detection of data ACK-CH
	Initial MAP loss: asynchronous adaptive HARQ is robust since retransmission MAP is always transmitted.

Retransmission MAP loss: asynchronous adaptive HARQ is robust since for DL MS skips the retransmission, and in UL MS does not transmit data.
	Asynchronous HARQ

For non-persistent allocation, asynchronous HARQ is the least susceptible to control channel errors, since grant messages in a particular frame do not rely on grant messages in a previous frame.  For persistent allocation, asynchronous HARQ is susceptible to control channel errors.  Control channel ACK, traffic channel ACK/NACK, and traffic detection can be used to mitigate control channel errors.

The exact recovery scheme depends on the ACK/NACK channel design.  For example, if ON-OFF keying is used for the ACK/NACK channel, it is more difficult to detect control channel failure based on traffic ACK/NACK.

Synchronous HARQ

For both persistent and non-persistent allocation, synchronous HARQ susceptible to control channel errors.  The mitigation schemes described above can be used for synchronous HARQ.

Resource Adaptive Synchronous HARQ

Resource adaptive synchronous HARQ is susceptible to control channel errors each time to the resource is adapted.  Resource adaptation has many different modes.   For example, a resource may be adapted every frame or every N frames, and the impact of control channel errors is different in each case.



	Delay
	Asynchronous Adaptive delay is around 6 times higher.
	Data plane access latency is 3.81 ms + T’ASN_GW+TR6
	N/A

	ACK to NACK and NACK to ACK Errors
	
	Impact of ACK to NACK errors.
· Error Probability

· For ACK/NACK transmitted in DL: 1e-4 ~ 1e-3

· For ACK/NACK transmitted in UL: 1e-2

· Impact

· For ACK/NACK transmitted in DL: if ACK is received as NACK, since MS will not transmit in UL when no DL control received, therefore there is no collision in UL.
· For ACK/NACK transmitted in UL:  increases unnecessary retransmissions in DL. 

Impact of NACK to ACK errors:
· Error Probability: 1e-4 ~ 1e-3

Impact: Recovery is automatic when DL control signaling is correctly received. ARQ retransmission is needed, which causes additional delay; this is common for both asynchronous and synchronous HARQ.
	See description in C80216m_08-005-H-ARQ-classification-and-comparison-of-solutions-Huawei_And_Nortel.xls



	Probability of retransmission
	N/A
	N/A
	This parameter should be set to maximize capacity


Appendix C
This appendix gives the table containing full list of HARQ contributions from Session#55, taken into account for initiating the SDD text discussions. Further details can be found in the reference [2].
	Document
	Title
	Source
	Company

	C80216m-08_454.ppt
	Hybrid ARQ Operation for IEEE 802.16m|
	Sungkyung Kim, Kwangjae Lim, Sungcheol Chang, Seokheon Cho, Jungim Kim, Chulsik Yoon|
	ETRI

	C80216m-08_440.pdf
	HARQ in a Closed Loop MIMO System|
	Byung-Jae Kwak, Dong Seung Kwon, Chungil Yeh, Young Seog Song, Seung Joon Lee, Jihyung Kim, Wooram Shin, J.W. Kim, Chung G. Kang|
	ETRI, Korea University

	C80216m-08_380.doc
	Considerations about HARQ for 16m|
	Rongdao Yu, Tao Wu, Chongli Liu|
	Huawei

	C80216m-08_377.doc
	Enhanced Constellation Rearrangement for HARQ with Adaptive Modulation|
	Tao Wu, Yinwei Zhao, Xueqin Gu, Chongli Liu|
	Huawei

	C80216m-08_477.doc
	Adaptive Frequency Interleaving for HARQ|
	Rongdao Yu, Ray Wang, Vincent Lau, Roger Cheng|
	Huawei, Hongkong University of Science & Technology

	C80216m-08_340.ppt
	802.16m HARQ
	Sean McBeath, Juejun Liu, Jianmin Lu, Fang Huiying, Dong Xiaolu, Du Ying|
	Huawei, Huawei, Huawei, ZTE, CATR, CATR

	S80216m-08_290.ppt
	Synchronous non-adaptive Hybrid ARQ for distributed subcarrier mode
	Alexei Davydov, Alexander Maltsev|
	Intel

	C80216m-08_362.pdf
	HARQ Timing and Protocol Considerations for IEEE 802.16m|
	Hujun Yin, Yujian Zhang, Yuan Zhu, Yuval Lomnitz, Tom Harel, Huaning Niu, Xiangying Yang|
	Intel Corporation

	C80216m-08_313.doc
	A New HARQ Scheme for DL MIMO
	Cheng-Ming Chen, Jen-Yuan Hsu, Jia-Hao Wu, Yu-Tao Hsieh, Pang-An Ting, Richard Li|
	ITRI

	C80216m-08_315.doc
	HARQ with an Adaptive N Packets Transmission per CID
	Mamadou Kone, Ming-Hung Tao, Ying-Chuan Hsiao, Richard Li|
	ITRI

	C80216m-08_301.doc
	Enhancing CTC HARQ performance by bit rearrangement
	Yu-Chuan Fang, Ren-Jr Chen, Yan-Xiu Zheng, Chung-Lien Ho, Chang-Lan Tsai, Chi-Fang (Richard) Li, Wern-Ho Sheen|
	ITRI, NCTU/ITRI

	C80216m-08_305.pdf
	The analysis of HARQ maximum throughput per connection
	Zheng Yan-Xiu, Chiu Chun-Yuan, Ren-Jr Chen, Fang-Ching Ren, Chang-Lan Tsai, Chung-Lien Ho, Richard Li, Wern-Ho Sheen, Yong Sun, Tsuguhide Aoki|
	ITRI, NCTU/ITRI, Toshiba Research Europe Limited, Mobile Communication Laboratory, Corporate R&D Center, Toshiba Corporation

	C80216m-08_308.doc
	HARQ Based ICI Cancellation for 802.16m
	Rong-Terng Juang, Chien-Yu Kao, Jen-Yuan Hsu, Yu-Tao Hsieh, Pang-An Ting, Richard Li, Hsin-Piao Lin|
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