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Dedicated Channel and Supplementary Channel for Talk-around Direct Communications 
Young-Ho Jung, Jihoon Choi,
Korea Aerospace University
Sungcheol Chang, Eunkyung Kim, Sungkyung Kim, Won-Ik Kim, Miyoung Yun, Hyun Lee, Chulsik Yoon, Kwangjae Lim
ETRI
1. Introductions
To support direct communication in IEEE 802.16n, some dedicated resources can be assigned as described in [1]. By dedicatedly reserving a part of communication resources for infra-structure communications, the reserved resources are used to provide multiple pairs of direct communication in OFDMA (orthogonal frequency division multiple access) manner with contention based transmission. We propose the frame structure for talk-around direct communication in [2], and there are three types of physical channels utilized for talk-around direct communications: synchronization channel, dedicated channel and supplementary channel. 
In this contribution, we propose the details of dedicated channel and supplementary channel structure for talk-around direct communications in IEEE 802.16n, and the details of synchronization channel are described in [3]. 
2. Structure of Dedicated Channel
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Figure 1. An example of common direct mode zone resource segmentation and construction of mRB
Logical frame of common direct mode zone is composed by collecting all resources of common direct mode zone in a superframe as shown in Figure 1. In the example, there are three uplink subframes for each 5msec frame. Resources excluding the first subframe assigned for synchronization channel are assigned for dedicated channels and supplementary channels. The resources for dedicated channel is divided into small size sub-blocks (mRB: mini-Resource Block), as shown in the figure. One mRB is composed of 6 subcarriers-by-6 OFDM symbols, and a dedicated subchannel is composed of a collection of nine mRBs distributed across the entire frequency region in the same slot. There are two slots for dedicated sub-channels. The subframes in the first and second frame are assigned for slot 1, and the subframes in the third and fourth frame are assigned for slot 2. For the case the number of uplink subframes is two and five, the first subframe of the third frame is allocated for both slot 1 and slot 2 simultaneously. Table 1 summarizes the number of dedicated subchannels for the various number of uplink subframes in a frame.
Table 1. The number of dedicated subchannels according to the number of uplink subframes in a frame
	The number of uplink
subframes in a 5msec frame
	The number of dedicated subchannel in the slot 1
	The number of dedicated subchannel in the slot 2
	Total number of dedicated subchannels

	2
	3
	3
	6

	3
	5
	6
	11

	4
	8
	9
	17

	5
	11
	11
	22


Figure 2 ~ Figure 5 show the frame structure of talk-around direct communication channels. In the figures, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe in slot 1. 
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Figure 2. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is two. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two and four (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure 3. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is three. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, five and six (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure 4. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is four. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, four, six, seven and eight (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure 5. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is five. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, four, five, seven, eight, nine and ten (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
2. Structure of supplementary Channel
There are two subframes to transmit supplementary channel in a super frame. One subframe for supplementary channel is located in the first uplink subframe of the second frame, and the other subframe for supplementary channel is located in the first uplink subframe of the fourth frame. A supplementary sub-channel is one-to-one mapped with each dedicated sub-channel. By using the supplementary sub-channel, the following MAC messages, PHY signalings and short feedback messages related with the corresponding dedicated subchannel are transmitted.
- MAC messages: RTS, CTS, MCS information, ranging response et. al. 
- PHY signalings: periodic ranging sequence, sounding signal et. al. 
- Short feedback messages: ACK, NACK, CQI, CSI, RI (rank information) et. al.
As shown in Figure 2 ~ Figure 5, Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel. A supplementary subchannel is composed of two sub-blocks distributed in the frequency domain. Since all HR-MSs should listen the supplementary channels, to obtain Tx. And Rx. Switching time, no signal is transmitted in the last OFDM symbol of supplementary channel (6-th OFDM symbol). The sub-block of supplementary subchannel is composed of 3 subcarriers-by- 5 OFDM symbols. The supplementary subchannels corresponding to the dedicated subchannels in slot 1 are located in slot 2, and the supplementary subchannels corresponding to the dedicated subchannels in slot 2 are located in slot 1. By assigning a dedicated subchannel and the corresponding supplementary subchannel in a cross way, the setup time of communication link and the retransmission latency can be minimized. For example, if an HR-MS transmits a packet by using the dedicated subchannel 1 in slot 1, because the corresponding supplementary subchannel is located in slot 2, the receiving HR-MS can transmit ACK/NACK signal by using the supplementary subchannel in the same superframe, and the retransmission packet can be transmitted in the next superframe.
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5. Proposed Text for the 802.16n Amendment Working Document (AWD)
Note:

The text in BLACK color: the existing text in the 802.16n Amendment Draft Standard

The text in RED color: the removal of existing 802.16n Amendment Draft Standard Text

The text in BLUE color: the new text added to the 802.16n Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Remedy1: Adapt the following change in Section 17.3.2.6 in the 802.16n AWD]
17.3.2.6 Talk-around Direct Communication
[note: This contribution provides text proposals for the following sections:
17.3.2.6.2 Physical layer
17.3.2.6.2.1 Frame structure
17.3.2.6.2.2 Physical structure
17.3.2.6.2.3 Control structure]
17.3.2.6.2.2.3.2 Dedicated Channel
Resources excluding the first subframe assigned for synchronization channel are assigned for dedicated channels and supplementary channels. A dedicated subchannel is composed of a collection of nine mRBs distributed across the entire frequency region in the same slot. There are two slots for dedicated sub-channels. The subframes in the first and second frame are assigned for slot 1, and the subframes in the third and fourth frame are assigned for slot 2. For the case the number of uplink subframes is two and five, the first subframe of the third frame is allocated for both slot 1 and slot 2 simultaneously. Table xxx summarizes the number of dedicated subchannels for the various number of uplink subframes in a frame.
Table xxx. The number of dedicated subchannels according to the number of uplink subframes in a frame
	The number of uplink
subframes in a 5msec frame
	The number of dedicated subchannel in the slot 1
	The number of dedicated subchannel in the slot 2
	Total number of dedicated subchannels

	2
	3
	3
	6

	3
	5
	6
	11

	4
	8
	9
	17

	5
	11
	11
	22


Figure xx1 ~ Figure xx4 show the frame structure of talk-around direct communication channels. In the figures, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe in slot 1. 
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Figure xx1. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is two. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two and four (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure xx2. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is three. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, five and six (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure xx3. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is four. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, four, six, seven and eight (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
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Figure xx4. Frame structure of talk-around direct communication when the number of uplink subframe per 5msec frame is five. In the figure, each block indicates mRB, and the number inside each mRB is the index of the dedicated subchannel. For example, the dedicated subchannel 1 is composed of nine mRBs in subframe two, three, four, five, seven, eight, nine and ten (in blue color). Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel
17.3.2.6.2.2.3.3 Supplementary Channel
There are two subframes to transmit supplementary channel in a super frame. One subframe for supplementary channel is located in the first uplink subframe of the second frame, and the other subframe for supplementary channel is located in the first uplink subframe of the fourth frame. A supplementary sub-channel is one-to-one mapped with each dedicated sub-channel. By using the supplementary sub-channel, the following MAC messages, PHY signalings and short feedback messages related with the corresponding dedicated subchannel are transmitted.
- MAC messages: RTS, CTS, MCS information, ranging response et. al. 
- PHY signalings: periodic ranging sequence, sounding signal et. al. 
- Short feedback messages: ACK, NACK, CQI, CSI, RI (rank information) et. al.
As shown in Figure 2 ~ Figure 5, Ci is the i-th supplementary subchannel corresponding to the i-th dedicated sub-channel. A supplementary subchannel is composed of two sub-blocks distributed in the frequency domain. Since all HR-MSs should listen the supplementary channels, to obtain Tx. And Rx. Switching time, no signal is transmitted in the last OFDM symbol of supplementary channel (6-th OFDM symbol). The sub-block of supplementary subchannel is composed of 3 subcarriers-by- 5 OFDM symbols. The supplementary subchannels corresponding to the dedicated subchannels in slot 1 are located in slot 2, and the supplementary subchannels corresponding to the dedicated subchannels in slot 2 are located in slot 1. By assigning a dedicated subchannel and the corresponding supplementary subchannel in a cross way, the setup time of communication link and the retransmission latency can be minimized. For example, if an HR-MS transmits a packet by using the dedicated subchannel 1 in slot 1, because the corresponding supplementary subchannel is located in slot 2, the receiving HR-MS can transmit ACK/NACK signal by using the supplementary subchannel in the same superframe, and the retransmission packet can be transmitted in the next superframe.
[-------------------------------------------------End of Text Proposal----------------------------------------------------]
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