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PHY Control Operations for Talk-around Direct Communications
Sungcheol Chang, Seokki Kim, Eunkyung Kim, Miyoung Yun, Won-Ik Kim, Sungkyung Kim, Hyun Lee, Chulsik Yoon, Kwangjae Lim
ETRI
Introductions
The following set of contributions provide ETRI’s proposals for talk-around direct communication:

· Physical channels including synchronization, dedicated, and supplementary channels [1-3,6].
· Physical control operations of synchronization, dedicated channel allocation, HARQ, etc. [4]
· MAC Control procedures including one of PTT based one-way communication, and two hop direct communication[5].

This contribution provides AWD text proposals of MAC control operations for talk-around direct communication. HR-MSs are synchronized in a distributed way and the reference timing from HR-BS or GPS is propagated into the other HR-MSs using synchronization preambles that HR-MSs send. HR-MS reserves a dedicated channel in a distributed way that interference is minimized. Supplementary channel carries feedbacks from receiving HR-MS to sending HR-MS including CQI report, broadcast indicator, ACK, NAK, MCS Change Confirm.
HR-MSs listen to a synchronization channel and receive synchronization preambles in the synchronization channel. When an HR-MS decides to send synchronization preamble in a direct communication frame, the HR-MS sends synchronization preamble periodically with a period Tsych. The HR-MS selects the direct communication frame in which it is expected that there is no synchronization preamble. The HR-MS sends it when the priority of synchronization preamble from the HR-MS is greater than priorities of received synchronization preambles. The HR-MS sends it periodically with a period Tsych. Figure 1 shows that synchronization preambles are sent periodically and in a distributed way.
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Figure 1 Periodic synchronization preambles from selected HR-MSs
For distributed allocation of dedicated channel, an HR-MS selects a dedicated channel and reserves it using exchange of ‘request to send’ (RTS) and ‘clear to send’ (CTS) messages. After the reservation, the HR-MS uses the dedicated channel continuously. Red colored circle is a coverage of signal that Tx HR-MS transmits. Any signal from HR-MS within blue colored circle may affect Rx HR-MS. To avoid interferences each other, Only Tx and Rx HR-MSs out of HR-MSs within two circles use the dedicated channel. Only when Tx and Rx HR-MSs do not receive any signal on the dedicated channel, Tx HR-MS sends RTS message and Rx HR-MS sends CTS message in response to it. If the Tx HR-MS receives the CTS message successfully, the Tx HR-MS use the dedicated channel continuously.
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Figure 2 Signal coverage by Tx and Rx HR-MSs

In addition, CTS and RTS messages can piggyback MAC control messages including DM-LEST-REQ, DM-LEST-REQ, etc. ‘piggyback message indicator’ field is in CTS and RTS messages and if the field is set to 1 a MAC control message is piggybacked by CTS and RTS messages.
Supplementary channel carries CQI reports and feedbacks from receiving HR-MS to sending HR-MS. The feedbacks include ACK, NAK, MCS Change Confirm, and etc. The receiving HR-MS of a dedicated channel reports channel quality information (CQI) on corresponding supplementary channel periodically. Resources of a supplementary channel excluding CQI reports are used for sending feedbacks.
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Figure 3 An example of periodic CQI reports and feedbacks
Supplementary channel carries a ranging sequence from receiving HR-MS to sending HR-MS. The receiving HR-MS of a dedicated channel sends the ranging sequence on corresponding supplementary channel periodically. The sending HR-MS receives the periodic ranging sequences and detects timing and frequency offsets from the references. If either timing offset or frequency offset are greater than threshold values, the sending HR-MS sends an event driven ranging sequence on a resource of dedicated channel in a DC frame to the receiving HR-MS. The event driven ranging procedure is FFS.
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Figure 3 An example of periodic ranging sequences and feedbacks

When receiving CQI reports on supplementary channel periodically, the sending HR-MS decides a MCS level of data signal on corresponding dedicated channel and informs the receiving HR-MS of the MCS level using an MCS Change Command message. The receiving HR-MS sends MCS Change Confirm code on feedback channel in response to the MCS Change Command message. After receiving the MCS Change Confirm code, the sending HR-MS changes MCS level of a data signal on dedicated channel. The receiving HR-MS shall try to decode the data signal with new MCS level. If fails, the receiving HR-MS shall decode the data signal with old MCS level.

The sending HR-MS sends a data packet on dedicated channel in a DC frame. If the receiving HR-MS fails to decode the data packet successfully, it send NAK feedback within four DC frames. There are four types of NAK feedbacks and each type of NAK feedbacks indicates a frame number that data packets corrupts.
If the receiving HR-MS has no feedback, ACK feedback are sent on the supplementary channel. It indicates that the receiving HR-MS receives all the packets on the dedicated channel.

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: Add the following text proposal before Section 17.3.2.7 in the 802.16n AWD]
[note: The contents of physical layer:

17.3.2.6.2 Physical layer

17.3.2.6.2.1 Frame structure

17.3.2.6.2.2 Synchronization channel
17.3.2.6.2.3 Dedicated channel
17.3.2.6.2.4 Supplementary channel
17.3.2.6.2.5 Distributed synchronization

17.3.2.6.2.6 Distributed resource reservation

17.3.2.6.2.7 CQI report and link adaptation

17.3.2.6.2.8 HARQ]
17.3.2.6.2.5 Distributed synchronization
An HR-MS listens to a synchronization channel and receives synchronization preambles in the synchronization channel. The HR-MS selects a reference time among candidate values including synchronization preambles, GPS, and HR-BS preambles. When deciding to send a synchronization preamble on synchronization channel, the HR-MS sends it periodically with a period Tsync.

An HR-MS follows a priority rule to select a reference time in descending order of priority as the followings:

1) HR-BS preamble

2) GPS
3) Synchronization preamble that has smaller value of the ‘hop counter’ field and smaller value of the ‘reference signal strength’ field in Synchronization channel message IE. The reference source is either HR-BS or GPS.
4) Synchronization preamble that has smaller value of the ‘hop counter’ field and smaller value of the ‘reference signal strength’ field in Synchronization channel message IE. The reference source is HR-MS local clock.
5) HR-MS local clock.

The HR-MS calculates a sending reference time from the selected reference time, in which hop counter increases by one. If signal strength of received synchronization preamble of the selected reference time, is smaller than value of the ‘reference signal strength’ field in received synchronization preamble with the hop counter value of the sending reference time, the HR-MS sends a synchronization preamble periodically.
17.3.2.6.2.6 Distributed resource reservation
An HR-MS listens to all the supplementary channels and all the dedicated channels. If signal strength on a dedicated channel and corresponding supplementary channel is greater than a threshold, the HR-MS shall avoid using the dedicated channel and the corresponding channel.
An HR-MS selects a dedicated channel and reserves it using ‘request to send’ (RTS) and ‘clear to send’ (CTS) messages. The HR-MS sends RTS message on the dedicated channel and the RTS message includes a sending DCTID and a receiving address – DCTID or DCGID. If the receiving address is DCTID, the receiving HR-MS sends CTS message on the dedicated channel in response to RTS message. If the receiving address is DCGID, the receiving HR-MSs sends ACK on corresponding supplementary channel in response to RTS message and the sending HR-MS detects ACK signal. After exchange of RTS message and its response, the HR-MS sends packets on the dedicated channel continuously.

In addition, CTS and RTS messages can piggyback MAC control messages including DM-LEST-REQ, DM-LEST-RSP, etc. The ‘piggyback message indicator’ field is in CTS and RTS messages and if the field is set to 1 a MAC control message is piggybacked by CTS and RTS messages.

17.3.2.6.2.7 CQI report and link adaptation
The receiving HR-MS of a dedicated channel reports channel quality information (CQI) on corresponding supplementary channel periodically. When receiving CQI reports, the sending HR-MS decides a MCS level of data signal on the dedicated channel and informs the receiving HR-MS of the MCS level using an MCS Change Command message. The receiving HR-MS sends MCS Change Confirm code on feedback channel in response to the MCS Change Command message. After receiving the MCS Change Confirm code, the sending HR-MS changes MCS level of a data signal on dedicated channel. The receiving HR-MS shall try to decode the data signal with new MCS level. If fails, the receiving HR-MS shall decode the data signal with old MCS level.

17.3.2.6.2.8 HARQ

The sending HR-MS sends a data packet on dedicated channel in a DC frame. If the receiving HR-MS fails to decode the data packet successfully, it sends NAK feedback within four DC frames. There are four types of NAK feedbacks and each type of NAK feedbacks indicates a frame number that data packet corrupts. The sending HR-MS retransmits the data packet with NAK indicated frame number next frame.

If the receiving HR-MS has no feedback, ACK feedback are sent on the supplementary channel. It indicates that the receiving HR-MS receives all the packets on the dedicated channel.

[Remedy2: Modify the following text in Section 17.3.2.6.1.3 in the 802.16n AWD]
17.3.2.6.1.3 MAC control messages

The peer-to-peer protocols of MAC layers in two HR-MSs communicate using the MAC control messages to perform the control plane function. MAC control messages shall be carried in a MAC PDU to be transported in a unicast control connection. In addition, the point-to-multipoint protocols of MAC layers in a multicast group of HR-MSs communicate using MAC control messages to perform the control plane functions. Table xxx lists the MAC control messages that shall be defined in the ASN.1 format.

Table 1216 – MAC control messages

	No.
	Functional Areas
	Message names
	Message description
	Secuirty
	Connection

	n+1
	Link Establishment
	DM-LEST-REQ
	Link Establishment Request
	
	Unicast

	n+2
	Link Establishment
	DM-LEST-RSP
	Link Establishment Response
	
	Unicast

	n+3
	Link Release
	DM-LREL-REQ
	Link Release Request
	
	Unicast

	n+4
	Link Release
	DM-LREL-RSP
	Link Release Response
	
	Unicast

	n+5
	Flow Management
	DM-DSA-REQ
	Dynamic Service Addition Request
	
	Unicast

	n+6
	Flow Management
	DM-DSA-RSP
	Dynamic Service Addition Response
	
	Unicast

	n+7
	Flow Management
	DM-DSA-ACK
	Dynamic Service Addition Acknowledgement
	
	Unicast

	n+8
	Flow Management
	DM-DSC-REQ
	Dynamic Service Change Request
	
	Unicast

	n+9
	Flow Management
	DM-DSC-RSP
	Dynamic Service Change Response
	
	Unicast

	n+10
	Flow Management
	DM-DSC-ACK
	Dynamic Service Change Acknowledgement
	
	Unicast

	n+11
	Flow Management
	DM-DSD-REQ
	Dynamic Service Deletion Request
	
	Unicast

	n+12
	Flow Management
	DM-DSD-RSP
	Dynamic Service Deletion Response
	
	Unicast

	n+13
	Flow Management
	DM-DSD-ACK
	Dynamic Service Deletion Acknowledgement
	
	Unicast

	n+14
	Measurement
	DM-MES-REQ
	Measurement Request
	
	Unicast

	n+15
	Measurement
	DM-MES-RSP
	Measurement Response
	
	Unicast

	n+16
	Measurement
	DM-MES-REP
	Measurement Report
	
	Unicast

	n+17
	Resource Management
	DM-RCHG-REQ
	Resource Change Request
	
	Unicast

	n+18
	Resource Management
	DM-RCHG-RSP
	Resource Change Response
	
	Unicast

	n+19
	Token Management
	DM-TKN-REQ
	Token Request
	
	Unicast

	n+20
	Token Management
	DM-TKN-RSP
	Token Response
	
	Unicast

	n+21
	Token Management
	DM-TKN-HO
	Token Handover
	
	Unicast or Multicast

	n+22
	Link Establishment
	DM-LEST-CMD
	Link Establishment Command
	
	Multicast

	n+23
	Link Release
	DM-LREL-CMD
	Link Release Command
	
	Multicast

	n+24
	Flow Management
	DM-DSA-CMD
	Dynamic Service Addition Command
	
	Multicast

	n+25
	Flow Management
	DM-DSC-CMD
	Dynamic Service Change Command
	
	Multicast

	n+26
	Flow Management
	DM-DSD-CMD
	Dynamic Service Delete Command
	
	Multicast

	n+27
	Measurement
	DM-MES-CMD
	Measurement Command
	
	Multicast

	n+28
	Resource Management
	DM-RCHG-CMD
	Resource Change Command
	
	Multicast

	n+29
	Token Management
	DM-TKN-ADV
	Token Advertisement
	
	Multicast

	n+17
	Resource allocation
	RTS
	Request To Send
	
	Unicast or Multicast or broadcast

	n+18
	Resource allocation
	CTS
	Clear To Send
	
	Unicast

	N+19
	MCS Change
	DM-MCHG-CMD
	MCS Change Command
	
	Unicast


[Remedy3: Add the following text after Section 17.3.2.6.1.3.29 in the 802.16n AWD]
17.3.2.6.1.3.17 RTS
An HR-MS transmits a RTS message to reserve a dedicated channel in a distributed way.
Table 1246 — RTS message field description

	Field
	Size (bits)
	Value/Description
	Condition

	DCTID
	12
	Indicates a sending HR-MS address
	

	DCTID or DCGID 
	12
	Indicates a receiving HR-MS (Group) address.
	

	Target address type
	1
	Indicates type of target address.

0: DCTID

1: DCGID
	

	Piggyback message indicator
	1
	Indicates whether a control message is piggybacked or not

0: no piggyback

1: MAC control message
	

	Reserved
	6
	
	

	MAC control message
	variable
	MAC control messages in Table 1216 except RTS and CTS messages.
	Present if Piggyback message indicator is set to 1


17.3.2.6.1.3.18CTS

An HR-MS transmits a CTS message in response to RTS message.

Table 1247 — CTS message field description

	Field
	Size (bits)
	Value/Description
	Condition

	DCTID
	12
	Indicates a sending HR-MS address
	

	DCTID
	12
	Indicates a receiving HR-MS address.
	

	Piggyback message indicator
	1
	Indicates whether a control message is piggybacked or not

0: no piggyback

1: MAC control message
	

	Reserved
	7
	
	

	MAC control message
	variable
	MAC control messages in Table 1216 except RTS and CTS messages.
	Present if Piggyback message indicator is set to 1


17.3.2.6.1.3.19 DM-MCHG-CMD

An HR-MS transmits a DM-MCHG-CMD (MCS Change Command) message to change MCS level of data signals on the dedicated channel.

Table 1247 — DM-MCHG-CMD message field description

	Field
	Size (bits)
	Value/Description
	Condition

	New MCS Level
	8
	Indicates new MCS level
	

	
	
	
	


[-------------------------------------------------End of Text Proposal----------------------------------------------------]
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