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1. Overview
1.1 Scope
1.2 Purpose

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must be understood and used, so each referenced document is cited in text and its relationship to this document is explained). For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments or corrigenda) applies.

3. Definitions

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary Online should be consulted for terms not defined in this clause. 

De-peering: The procedure used to terminate the link(s) established by Peering.
Device ID: The unique ID of a PD, e.g., MAC address of a PD

Discovery: The procedure used to detect the existence of other PDs within discoverable range, and their Discovery information.

Peer Aware Communications (PAC) network: A peer-to-peer wireless proximity network of which a device or devices communicate with other device(s) with various control information and contents. 

Peering: The procedure used to establish a link between a pair of PDs, or links among multiple PDs discovered during Discovery.
Re-peering: The procedure used to re-establish a link between a pair of PDs, or links among multiple PDs which were peered previously.

Network synchronization: The procedure of achieving and maintaining the coordination of timing of independent PDs.

3.2 Acronyms and abbreviations

AAA
authentication, authorization, accounting

AGC
automatic gain control

BPSK
binary phase-shift keying

CAP
contention access period
CCA
clear channel assessment
CFP
contention free period

CP
cyclic prefix

CRC
cyclic redundancy check

FCS
frame check sequence

FEC
forward error correction

GI
guard interval
LSB
least significant bit
LBT
listen before talk
MSB
most significant bit

OFDM
orthogonal frequency division multiplexing
PAC
Peer Aware Communications

PD
PAC device

PPDU
PHY protocol data unit

PSDU
PHY service data unit

UWB
ultra-wide band
4. General description

4.1 General

4.2 Components of IEEE 802.15.8 PAC

4.3 Network Topologies

4.4 Architecture

4.5 Functional Overview
A brief overview of the general functions of PAC is given in this subclause.
4.5.1 Frame
 structure

The frame structure is defined as illustrated in Figure 1. The frame is divided into 5 periods in the following order: Synchronization period, Discovery period, Peering period, Contention Access period, and Contention Free period.

The duration of the frame is fixed to [TBD]. The duration of each period is fixed and the value is [TBD].
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Figure 1—The frame structure of PAC

4.5.2 Communication types
Communication types are categorized as unicast, multicast and broadcast transmission.

4.5.2.1 Unicast

Unicast is a one-to-one data communication between a pair of PDs.

4.5.2.2 Multicast

Multicast is a one-to-many data communication to specific PDs in at least a group.
4.5.2.3 Broadcast

Broadcast is a one-to-many data communication to any PDs within reachable range.
5. MAC protocol

5.1 Synchronization procedure

Synchronization procedure includes the following sub-procedures:

a) Initial synchronization procedure

b) Maintaining synchronization procedure

c) Re-synchronization procedure

A PD starts from Initial synchronization procedure if the PD does not have its own reference timing, e.g. when the PD powers on, etc.

After successful Initial synchronization procedure, a PD makes a transition to Maintaining synchronization procedure.

A PD may make a transition to Re-synchronization procedure from Maintaining synchronization procedure according to a triggering condition. Details of the triggering condition are TBD.

5.1.1 Initial synchronization procedure

To acquire reference timing, a PD scans for the existing synchronization signals for a TBD scanning period. If a synchronized condition is met, it derives its own timing from the detected synchronization signal and makes a transition to Maintaining synchronization procedure. The synchronized condition is determined from the fact whether a synchronization signal or multiple synchronization signals with the same timing is/are detected during the scanning period.

If the synchronized condition is not met, the PD transmits its own synchronization signal and receives synchronization signals from other PDs until synchronized condition is met. Before synchronized condition is met, the PD adjusts its own reference timing based on detected synchronization signals.

If the PD fails to detect any synchronization signal during the scanning period, it starts to send synchronization signal with its own timing.

5.1.2 Maintaining synchronization procedure

A PD maintains its own timing reference based on measurement of synchronization signals. Maintaining Synchronization procedure includes at least fine adjustment of timing reference and triggering of Re-Synchronization procedure.

If condition for Re-Synchronization is not met, it adjusts its own timing based on the detected synchronization signal during Synchronization period(s).

If condition for Re-Synchronization is met, it makes a transition to Re-Synchronization procedure. TBD: details of condition for Re-synchronization.

5.1.3 Re-synchronization procedure

A PD scans for the existing synchronization signals for a TBD scanning period. If a synchronized condition is met, it makes a transition to Maintaining synchronization period. The synchronized condition is determined from the fact whether a synchronization signal or multiple synchronization signals with the same timing is/are detected during the scanning period.

If the synchronized condition is not met, the PD adjusts its own reference timing based on detected synchronization signals.
5.2 Discovery

Discovery is

5.2.1 Discovery types

The discovery type is defined by a higher layer. MAC should support at least the following discovery types (TBD: either the MAC needs to be aware of the Discovery types or not):

· Advertisement: In Advertisement type discovery, a PD broadcasts its own discovery information and does not expect responses.

· Publish/Subscribe: In Publish/Subscribe type discovery, a PD broadcasts its own discovery information and expects responses from PDs that have discovered the broadcast message.

· Query/Reply: In Query/Reply type discovery, a PD broadcasts the discovery information of the PD or PDs being queried and expects a response or responses from the PD or PDs, accordingly.
5.2.2 Discovery information

For the purpose of discovery of PDs, the discovery information may represent one or more of the following IDs such as Device ID, Device Group ID, Application type ID, Application-specific ID, Application-specific user ID, and Application-specific group ID. 

Discovery Information (DI) is driven from higher layer such as application layer or middleware.
5.2.3 Discovery procedure

The discovery procedure should support mechanisms to ensure privacy that a PD is not tracked.

The discovery procedure should support protection of identity from impersonation.

As shown in Figure 2, a general discovery procedure may contain the following steps.

a) A PD’s Higher Layer, such as PD1’s Higher Layer, triggers Discovery with Discovery Request.

b) The PD’s MAC, such as PD1’s MAC, broadcasts the Discovery Request message.

c) A PD, such as PD2, scans during the Discovery Period and detects the Discovery Request message.

d) The PD’s MAC, such as PD2’s MAC, sends the detected Discovery Request message to its Higher Layer.

e) The Higher Layer receiving the Discovery Request, such as PD2’s Higher Layer, decides either to send the Discovery Response or not and indicates it to the MAC accordingly.

f) The PD’s MAC, such as PD2’s MAC, sends Discovery Response message to the Discovery requester, such as PD1, if requested by the higher layer.
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Figure 2—General discovery message sequence chart 

5.2.3.1 One-way discovery
One-way Discovery is exampled by Advertisement, which follows the steps as shown in Figure 3.

a) A PD (i.e. PD1) broadcasts Discovery Request message during discovery period.

b) A PD or PDs (i.e. PD2 ~ PD4) may scan during discovery period. After receiving the Discovery Request message, the PD (i.e. PD2~ PD4) sends it to the Higher Layer.
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Figure 3—One-way discovery procedure message sequence chart 

5.2.3.2 Untargeted two-way discovery
Untargeted two-way Discovery is exampled by Publish/Subscribe, which follows the steps as shown in Figure 4.

a) A PD (i.e. PD1) broadcasts Discovery Request message during discovery period.

b) A PD or PDs (i.e. PD2 ~ PD4) may scan during discovery period. After receiving the Discovery Request message, the PD or PDs (i.e. PD2 ~ PD4) send it to the Higher Layer.

c) Upon the higher layer indication received, the PD or PDs (i.e. PD2 ~ PD4) respond to the sender PD (i.e. PD1) with a Discovery Response message.
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Figure 4—Untargeted two-way discovery procedure message sequence chart

5.2.3.3 Targeted two-way discovery

Targeted two-way Discovery is exampled by Query/Reply, which follows the steps as shown in Figure 5.

a) A PD (i.e. PD1) broadcasts Discovery Request message during discovery period.

b) A PD or PDs (i.e. PD2 ~ PD4) may scan during discovery period. After receiving the Discovery Request message, the PD or PDs (i.e. i.e. PD2 ~ PD4) sends it to Higher Layer.

c) Upon the Higher Layer indication received, the queried PD (i.e. PD_queried) responds to the sender PD (i.e. PD1) with a Discovery Response message.
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Figure 5—Targeted two-way discovery procedure message sequence chart

5.2.4 Discovery messages

MAC shall support at least the following discovery messages:
· Discovery Request message

· Discovery Response message
5.3 Peering

MAC shall support the following procedures:

· Peering

· Re-peering

· De-peering
Peering is the procedure to establish a link between a pair of PDs or links among multiple PDs discovered during the discovery procedure.

Re-peering is the procedure to re-establish a link between a pair of PDs or links among multiple PDs which peered previously. In the re-peering procedure, peering may be simplified.

De-peering is the procedure to disconnect the link established by peering. 
5.3.1 One-to-one peering procedure
One-to-one peering procedure may include the following:

· Optional: Authentication & Authorization (full validation)

· Communication link parameters are TBD, such as link ID, device capability (i.e. number of antennas
, MIMO), QoS, channel band, transmission power, round trip delay, etc.

· Establish the link.

The peering procedure is initiated by sending a peering request message including requested peering information. Responder may send a peering response message to requestor for indicating if the peering request is accepted or not. The response message may include peering information if the request is accepted.

As illustrated in Figure 6, a one-to-one Peering procedure may contain the following steps.

a) A PD’s Higher Layer (i.e. PD1’s Higher Layer) triggers Peering procedure with a Peering Request to its MAC (i.e. PD1’s MAC).

b) The MAC receiving the Higher Layer’s Peering Request (i.e. PD1’s MAC) sends the Peering Request message to the targeted PD’s MAC (i.e. PD2’s MAC).

c) The targeted PD’s MAC (i.e. PD2’s MAC) receives the Peering Request message and sends ACK/NACK message to the PD requesting peering (i.e. PD1’s MAC).
d) The targeted PD’s MAC (i.e. PD2’s MAC), sends the detected Peering Request message to its Higher Layer (i.e. PD2’s Higher Layer).

e) The Higher Layer receiving the Peering Request (i.e. PD2’s Higher Layer) conducts Authentication and Authorization if required.

f) The Higher Layer receiving the Peering Request (i.e. PD2’s Higher Layer) decides either to accept the Peering Request or not and indicates it to the MAC (i.e. PD2’s MAC) accordingly.

g) The targeted PD’s MAC (i.e. PD2’s MAC) sends Peering Response message to the PD requesting peering (i.e. PD1’s MAC) as directed by the Higher Layer.

h) The PD’MAC receiving the Peering Response message (i.e. PD1’s MAC) sends ACK/NACK message to the target PD (i.e. PD2’s MAC).

i) The PD’MAC receiving the Peering Response message (i.e. PD1’s MAC) sends the Peering Response message to its Higher Layer (i.e. PD1’s Higher Layer).
j) A link between PD1 and Pd2 is established is the peering request is accepted.
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Figure 6—One-to-one peering procedure message sequence chart

5.3.2 One-to-one Re-peering procedure
One-to-one Re-peering procedure may include the following:

· Optional: Authentication & Authorization update (light validation)

· Update communication link parameters - TBD.

· Re-establish the link

Re-peering procedure is similar to peering procedure. The main differences are: 1) some of the previous peering information may not be included in request and response messages; 2) the PD receiving the request validates peering information before making a decision to accept the re-peering request.

As illustrated in Figure 7, a one-to-one Re-peering procedure may contain the following steps.

a) A PD’s Higher Layer (i.e. PD1’s Higher Layer) triggers Re-peering procedure with a Re-peering Request to its MAC (i.e. PD1’s MAC).

b) The MAC receiving the Higher Layer’s Re-peering Request (i.e. PD1’s MAC) sends the Re-peering Request message to the targeted PD’s MAC (i.e. PD2’s MAC).

c) The targeted PD’s MAC (i.e. PD2’s MAC) receives the Re-peering Request message and sends ACK/NACK message to the PD requesting re-peering (i.e. PD1’s MAC).
d) The targeted PD’s MAC (i.e. PD2’s MAC), sends the received Re-peering Request message to its Higher Layer (i.e. PD2’s Higher Layer).

e) The Higher Layer receiving the Re-peering Request (i.e. PD2’s Higher Layer) conducts Authentication and Authorization update if required.

f) The Higher Layer receiving the Re-peering Request (i.e. PD2’s Higher Layer) decides either to accept the Re-peering Request or not and indicates it to the MAC (i.e. PD2’s MAC) accordingly.

g) The targeted PD’s MAC (i.e. PD2’s MAC) sends Re-peering Response message to the PD requesting re-peering (i.e. PD1’s MAC) as directed by the Higher Layer.

h) The PD’MAC receiving the Re-peering Response message (i.e. PD1’s MAC) sends ACK/NACK message to the target PD (i.e. PD2’s MAC).

i) The PD’MAC receiving the Re-peering Response message (i.e. PD1’s MAC) sends the Re-peering Response message to its Higher Layer (i.e. PD1’s Higher Layer).
j) A link between PD1 and Pd2 is re-established if the re-peering request is accepted.
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Figure 7—One-to-one re-peering procedure message sequence chart
5.3.3 One-to-one De-peering procedure
One One-to-one De-peering procedure may include the following:

· Disconnect the link

· Release the link resources if needed.

De-peering procedure starts with a de-peering request, which is replied by a de-peering response message. De-peering response may be optional

As illustrated in Figure 8, a one-to-one De-peering procedure may contain the following steps.

a) A PD’s Higher Layer (i.e. PD1’s Higher Layer) triggers De-peering procedure with a De-peering Request to its MAC (i.e. PD1’s MAC).

b) The MAC receiving the Higher Layer’s De-peering Request (i.e. PD1’s MAC) sends the De-peering Request message to the targeted PD’s MAC (i.e. PD2’s MAC).

c) The targeted PD’s MAC (i.e. PD2’s MAC) receives the De-peering Request message and sends ACK/NACK message to the PD requesting de-peering (i.e. PD1’s MAC).
d) The targeted PD’s MAC (i.e. PD2’s MAC), sends the received De-peering Request message to its Higher Layer (i.e. PD2’s Higher Layer).

e) Optional: the Higher Layer receiving the De-peering Request (i.e. PD2’s Higher Layer) decides either to accept the De-peering Request or not and indicates it to the MAC (i.e. PD2’s MAC) accordingly.

f) Optional: the targeted PD’s MAC (i.e. PD2’s MAC) sends De-peering Response message to the PD requesting de-peering (i.e. PD1’s MAC) as directed by the Higher Layer.

g) Optional: the PD’MAC receiving the De-peering Response message (i.e. PD1’s MAC) sends ACK/NACK message to the target PD (i.e. PD2’s MAC).

h) Optional: the PD’MAC receiving the De-peering Response message (i.e. PD1’s MAC) sends the De-peering Response message to its Higher Layer (i.e. PD1’s Higher Layer).
i) Optional: the link between PD1 and Pd2 is disconnected.
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Figure 8—One-to-one de-peering procedure message sequence chart
5.4 Communication period
Communication period is utilized for data packet transmission. Communication period comprises Contention Access period (CAP) and Contention-free period (CFP).
Data packet for unicast, multicast, or broadcast can be transmitted during Communication period. Whether all communication types are supported by both CAP and CFP respectively is TBD. Some control packets related to data packet transmission may be transmitted during Communication period (e.g. Control packets for scheduling, group management, etc.)
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Figure 9—Communication period
5.4.1 CAP (Contention Access Period)

A PD can transmit control or data packet during CAP period using the following access scheme:
The transmission scheme in CAP is random access scheme based on LBT. Details are TBD. CW is the time window where random access is attempted by a PD.

There is a condition to determine CW for unicast transmission. Details of the condition to determine CW are TBD. There is a condition to determine CW for multicast or broadcast transmission. Details of the condition to determine CW are TBD.

Whether transmission of data packet should be completed within current CAP or not is TBD.
Data packet can be fragmented for CAP and details of the fragmentation are TBD which may be referred from 802.15.4 or 802.11. 

QoS (Quality of Service) is supported for CAP to differentiate traffic types such as urgent traffic, control type of traffic, or etc. Details of QoS control may be referred from 802.15.4 or 802.11. 

5.4.1.1 Considerations for Unicast in CAP

A PD which received a unicast message responds with ACK/NACK for reliable transmission. Details for ACK/NACK corresponding to fragmented packet are TBD.

5.4.1.2 Considerations for Multicast in CAP

A PD which received a multicast message does not respond with ACK/NACK. For reliable multicast, ACK/NACK may be required. Details are TBD.
5.4.1.3 Considerations for Broadcast in CAP

A PD which received a broadcast message does not respond with ACK/NACK.

5.4.2 CFP (Contention Free Period)

CFP comprises Scheduling Request period, Scheduling Response period, and Resource slots (RSs).
 Only a PD with Link ID shall exchange Scheduling Request and Scheduling Response messages. Link ID is determined during peering and re-peering procedure. Data packet from higher layer can be fragmented into multiple MPDUs. The channel quality may be measured during preamble and CQI (Channel Quality Indicator) feedback. MCS selection and making a MPDU are performed based on channel quality.  

Scheduling Request message represents Link ID, Resource Slot Star Index, and Resource Slot Length.

[image: image10]
Resource Slot Start Index is selected within the maximum number of RSs for initial scheduling. Resource Slot Length is selected for initial scheduling within maximum available length which is pre-determined as TBD value. The Resource Slot Start Index and the Resource Slot Length is adjusted for next scheduling based on collected resource information from Scheduling Response messages. Resource Slot Start Index and Resource Slot Length are determined for initial and consecutive scheduling period according to predetermined TBD rule.
Scheduling Response message represents Link ID, Resource Slot Adjusted Index, and Resource Slot Adjusted Length. Resource Slot Adjusted Index and Resource Slot Adjusted Length are determined according to predetermined TBD rule.


[image: image11]
Both messages are broadcast-type control message to nearby PDs including both peered PDs and non-peered PDs.
The flowchart of operation for distributed scheduling is as follows:
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Link1 has a transmitter PD1(TxPD1) and a receiver PD1(RxPD1) and Link2 has a transmitter PD2(TxPD2) and a receiver PD2(RxPD2). Initially, TxPD1 and TxPD2 determine one or multiple RSs by initial configuration respectively. The candidate RS information is transmitted to the corresponding RxPD and neighboring RxPD as well. RxPD receives multiple Scheduling Request message and has resource information including RS Start Index and RS Length. RxPD modifies resource information to avoid resource assignment confliction based on resource information from neighboring TxPDs and pre-determined allowable SINR threshold. The modified resource information including RS Adjusted Index and RS Adjusted Length are transmitted by the RxPD to the corresponding TxPD and neighboring TxPDs. The TxPD determines the assigned RSs to transmit data packets on.
The scheduled PD transmits one or more MPDUs in scheduled RS(s), if medium is idle at starting point of the scheduled RS. The sensing can avoid interference from other PDs or other system. If a PD does not decode any Scheduling Request or Scheduling Response messages, it can utilize CFP as secondary data packet transmission for CAP under the condition of the limited length within a RS.

5.4.2.1 Considerations for Unicast in CFP

A PD which received a unicast message responds with ACK/NACK for reliable transmission. Details for ACK/NACK corresponding to fragmented packet are TBD.

5.4.2.2 Considerations for Multicast in CFP

A PD which received a multicast message does not respond with ACK/NACK. For reliable multicast, ACK/NACK may be required. Details are TBD.

5.4.2.3 Considerations for Broadcast in CFP

A PD which received a broadcast message does not respond with ACK/NACK.
6. MAC services

7. General PHY requirements

8. PHY services

9. PHY 

10. UWB PHY

11. Transmit power control

12. Multi-hop operation

13. Relative positioning

14. Power management

15. Security
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�The name may be changed in the future after further discussion


Ex: super frame, multi-frame, etc.


�The figure is to be changed according to the note in DCN 557r2, clause � REF _Ref399159577 \r \h ��5.3�.


�Need to be defined.


�Re-define the Discovery Types: one-way (exampled by Advertisement), untargeted two-way (exampled by Publish), and targeted two-way (exampled by Query).


�More details to be added.


Number of antennas?�


BJ, please confirm or modify.


�CAP, Scheduling period, CFP. Note: The location of Scheduling period is TBD due to issue of gap between scheduling decision and 1st transmission.


�Need to add clause for fragmentation in this draft format.


�Need to add clause for QoS in this draft format


�The location of Scheduling period is TBD due to issue of gap between scheduling decision and 1st transmission.





Needs to be rephrased reflecting the change of frame structure.


�Note: for UWB, CQI feedback may not be used.


Preamble -> Channel measurement


TBD: Whether preamble(channel measurement) and CQI are PHY signaling or MAC message.
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