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1. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. 

1.1 Definitions

	Control Schemes
	Three inter-P2PNWs control schemes are proposed for infrastructure-less ProS P2PNWs

· Centralized Inter-P2PNWs Control: 

Centralized inter-P2PNWs and intra-P2PNW.

· Hybrid Inter-P2PNWs Control: 

Distributed inter-P2PNWs and centralized intra-P2PNW.

· Distributed Inter-P2PNWs Control: 

Distributed inter-P2PNWs and intra-P2PNW.

	
	

	
	


1.2 Acronyms and abbreviations

CPCI
Context Power Control Information

CQI
Channel Quality Indicator

DR
Data Rate

Lat
Latency

MaxTxP
Maximum Transmit Power

MinTxP
Minimum Transmit Power

P2P
Peer-to-Peer

P2PNW
Peer-to-Peer Network

PAdj
Power Adjustment

PC
Power Control 

PL
Path Loss

PCReq
Power Control Request

PCRes
Power Control Response

RSSI
Received Signal Strength Indicator

RxSQ
Received Signal Quality
SerR
Service Range 

SINR
Signal Interference and Noise Ratio

SPcat
Service Power Category
TxP
Transmit Power

TPC
Transmit Power Control
2. Background
4.1 Existing Power Control Schemes for Wireless Communications

The Transmit Power Control (TPC) for wireless communication systems can be summarized as the following. 
· Wireless Cellular Systems 3G/4G

· Centralized Control: between a central controller (i.e. the Base Station (BS), NodeB (NB), or eNodeB (eNB)) and a point (i.e. Mobile Station (MS) or User Equipment (UE)).

· Open Loop TPC: the power level is calculated based on the power target set by the BS/NB/eNB and measured channel path loss.    

· Closed Loop TPC: the power is increased or decreased from the previous power level (open loop power setting) based on the received signal quality and the power control bit(s) or command(s).

· Power Adjustment: 

· 3G mainly uses channel path loss, with the inner-loop TPC based on the SIR target set by the outer-loop TPC across the area radio network or cell, which is defined by the measured received signal quality; 

· 4G uses scalable path loss based method for controlling Energy Per Resource Element (EPRE) applied to UE transmission, with the addition of Modulation and Coding Scheme (MCS) and user specific power control adjustment.
· WiMax IEEE 802.16

WiMax network TPC schemes are very similar to cellular systems with both open loop and closed loop power control. 

· Centralized Control: between a central controller (i.e. Base Station (BS)) and a point (i.e. Subscriber Station (SS) or Mobile Station (MS)).

· Open Loop TPC: the power level per subcarrier is calculated based on the path loss, measured noise, coding rate, as well as the offsets defined by BS and SS.    

· Closed Loop TPC: the power is corrected based on the commanded power correction value received from BS for uplink.

· Power Adjustment: for SS, the power levels are dynamically adjusted on a per-subscriber basis, depending on the profile and distance from the base station. For the base station transmitter, the actual transmitted power will depend on the subscriber distance, propagation characteristics, channel bandwidth, and modulation scheme.
· WiFi 802.11

· At an Access Point (AP), no explicit power control schemes specified in the standard between the Station (STA), i.e. Access Terminal (AT), and the Access Point (AP). 

· For an ad hoc network, i.e. an Independent Basic Service Set (IBSS), a Station (STA) may use a TPC Request frame to request another STA to respond with a TPC Report frame containing link margin and transmit power information. A STA receiving a TPC Request frame shall respond with a TPC Report frame containing the power used to transmit the response in the Transmit Power field and the estimated link margin in a Link Margin field.
· WPAN 802.15

Power control is mentioned in the standard, but no detail specification is provided at this time.

· Bluetooth

Bluetooth is an infrastructure-less short-range wireless system with a master node and up to seven slave nodes with static transmitting power (typically around 20dBm). 

4.2 Motivation

Wireless Peer-to-Peer Networks (P2PNWs) are formed for the desired Proximity Services (ProSs). Different ProS P2PNWs require different power control schemes, therefore service-aware or context-aware is essential to ensure effective power control required by a specific ProS. For example, the power control scheme for a gaming P2PNW within a few meters will not emphasize path loss compensation for the near-far problem or frequent power adjustments due to mobility, while a P2PNW within a department store for personalized advertisement may require path loss compensation for the near-far problem and frequent power adjustments due to mobility..

Many ProS P2PNWs will coexist within a short radio range of each other without a central controller to manage the service or context related power control information among and within the ProS P2PNWs. Hence inter-P2PNWs and intra-P2PNW service or context related power control information management is required to enable the inter-P2PNWs and intra-P2PNW power control to minimize the interference among different ProS P2PNWs in proximity as well as within a P2PNW.

One peer or device may engage in multiple proximity services at the same time and each different ProS may have different requirements for the power control. Therefore service or context related power control information management for multiple applications or services on a device is required to support multiple proximity services at the same time.
Some ProS use cases require group-based or multi-cast communications. This requires service or context related power control information exchanges are not only point-to-point, but also point-to-multipoint depending on the proximity services or applications.

The current power control schemes summarized in section 2.4, do not support the following specific requirements that are essential for ensuring effective power control schemes for reliable proximity services.

1. Context-aware power control information.

2. Context-aware inter-P2PNWs and intra-P2PNW power control information management for an infrastructure-less system.

3. Context-aware multi-service or multi-application power control information management at a peer or device simultaneously.

4. Context-aware point-to-multipoint power control information management to support reliable multicast communications in proximity.

3. Overview
This document explains the details of the following concepts and schemes to address how context and power control information is used and managed to solve the power control problems for infrastructure-less proximity services.

1. Context and Power Control Information (CPCI) is proposed to enable different power control schemes for point-to-point or point-to-multipoint, based on the proximity services or applications.

· CPCI may include 

· Proximity service based context information: service power category, service range, power control interval, etc.

· Proximity service based power control information: transmitting power, endpoint, etc.

· CPCI is managed across multiple layers: Application layer, Service layer, MAC layer, or even down to PHY layer.

· CPCI is updated and exchanged between or among Peers for context-aware power control in proximity services.

2. CPCI management schemes are proposed to enable reliable IoT proximity services with different context-aware power control mechanisms.

· General context-aware power control 

· Context-aware multi-application power control 

· Context-aware Intra-P2PNW point-to-multipoint power control 

4. Detailed Descriptions 

This section details context-aware power control mechanisms for infrastructure-less Peer-to-Peer Networks (P2PNWs).
4.3 Context and Power Control Information

To enable different power control schemes for different proximity services, Context and Power Control Information (CPCI) concept is proposed in this paper. 

The CPCI contains proximity service related context information and power control information. CPCI may include, but not limited to, the following.

· Proximity Service Based Context Information

· Service Power Category (SPcat): classified according to the power control requirements for different types of proximity services or applications, such as public safety, social networking, commercial advertisement, sensor network, smart office, etc. It may be defined as SPcat = 1, SPcat = 2, etc.

· Service Range (SerR): the typical service radio range for a ProS P2PNW. The service range can vary greatly with different proximity services. For example, the SerR for public safety proximity service will be significant larger than the SerR of a smart home proximity service.

· Power Control Interval (PCInt): the time period for updating or exchanging CPCI as well as for adjusting the transmit power level. For example, the PCInt can be a large value for a ProS P2PNW with very low or no mobility to save the overhead of CPCI exchanges between the transmitter and receiver, comparing with the PCInt value for a ProS P2PNW with high mobility.

· Bandwidth (BW): the bandwidth or subcarriers allocated for a peer in a ProS P2PNW.

· Data Rate (DR): the typical data rate for a proximity service.

· Modulation and Coding Scheme (MCS): the modulation and coding used for a proximity service.

· Latency(Lat): the delay tolerance for a proximity service. For example, emergency proximity services require very low Lat, while keep alive proximity services may have high Lat.

· Location (Loc): the location of a peer for a proximity service. This can be used to estimate the path loss.

· Speed (Sd): typical speed of a peer for a proximity service. It can be used to define PCInt.

· Proximity Service Based Power Control Information

· Transmit Power (TxP): the power level of a transmission during a PCInt from a transmitter in a ProS P2PNW.

· Maximum Transmit Power (MaxTxP): maximum power level allowed for transmission for a ProS P2PNW.

· Minimum Transmit Power (MinTxP): minimum power level required for transmission for a ProS P2PNW.

· Power Adjustment (PAdj): power adjustment for initial or open loop context-aware power control.

· Endpoint (EP): the receiver of a transmission within a ProS P2PNW. There are multiple EPs for broadcast or multicast communications between or within ProS P2PNWs. 

· Path Loss (PL): the attenuation or propagation loss through the wireless channel.

· Received Signal Quality (RxSQ): the received signal quality may be indicated by the measured Received Signal Strength Indicator (RSSI), received Signal Interference Noise Ratio (SINR), or Channel Quality Indicator (CQI), etc. 

The above CPCIs may be selected differently by different proximity services. For example, some proximity service may specify the BW and the other may specify DR.

CPCI is managed across multiple layers: as illustrated in Figure 1, CPCI is service or application  driven, and is usually maintained at and passed from higher layers such as the ProS service or application layer. But the content of CPCI can be updated by lower layers during a session of ProS, based on detected information or measured results at lower layers and fed back to higher layers. 

Also shown in Figure 1, CPCI is updated and exchanged at low layers between or among peers for context-aware power control to ensure reliable proximity services. 
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Figure 1 Cross-layer CPCIs in Proximity

The CPCI can be inserted into a beacon or broadcasted on the paging, common control, or data channel. The CPCI may also be attached during the transmission of either control or data information, where the CPCI shall be delivered reliably to ensure good power control. Figure 2

 provides several examples of CPCI usage for context-aware power control.

A peer or device, engaged in multiple ProS services or ProS P2PNWs shall have the corresponding CPCI set when switching between the transmissions of different ProS services or applications. 
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Figure 2 Examples of CPCI Usage
4.4 Context-aware Power Control Mechanisms

This section details the procedures for general context-aware power control, context-aware multi-application power control and context-aware point-to-multipoint power control.

4.4.1 General Context-aware Power Control Procedure

P2PNWs are formed in proximity with the desired contexts, such as services, users, devices, service range, location, etc., between two peers (pair communication) or among peers (group communication). For example, at a shopping mall, there are P2PNWs for social connection , P2PNWs for streaming or content exchange, P2PNWs for broadcasting or multicasting stores’ promotions or personalized advertisements, P2PNWs for gaming, etc. These ProS P2PNWs have different requirements for power control due to the required QoS of each service. Therefore, an effective power control scheme shall be defined by the service or context. Context-aware power control enables different power control schemes for different ProS P2PNWs.

The ProS P2PNWs coexist in a short radio range or proximity and are more vulnerable to interferences caused by other nearby ProS P2PNWs. Therefore power control among the ProS P2PNWs, i.e. inter-P2PNWs power control, is crucial to ensure the QoS for ProS P2PNWs.

The general context-aware power control procedure is illustrated in Figure 3., which contains CPCI Detection, Inter-P2PNWs Power Control, and Intra-P2PNW Power Control. 
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Figure 3 General Context-aware Power Control 
As illustrated in Figure 3, the detailed steps of a general context-aware power control procedure for Peer 1 of Application i (Appi) are described below.

1. CPCI Detection (shown in Figure 4 and Figure 5)
1) When the TPC procedure is triggered by a higher layer, e.g. ProS application or service layer, Peer Discovery (PD), Peer Association (PA), or others, the Power Control Function (PCF) of Peer1 receives context power control information CPCIAppiPr1,

CPCIAppiPr1 = {Appi, SPcati, SerRi, PCInti, BWi/DRi/MCSi, Lati, MaxTxPi
, MinTxPi, PAdji,…}, 

which may be the default values or a history of data from previous TPC sessions. The CPCIAppiPr1 is used as context for context-aware power control.
2) Unlike most current wireless system TPC schemes, there is no central controller or coordinator in infrastructure-less ProS P2PNWs to inform Peer1 of the initial transmit power. Peerl1 must estimate the initial transmit power value based on the context and power control information in proximity. Peer1 shall extract CPCIs in proximity, CPCIProS, 

CPCIProS = { AppProS, SPcatProS, SerRProS, PCIntProS, BWProS/DRProS/MCSProS

, LatProS, MaxTxPProS, TxPProS}
as the typical CPCIProS for context and power control information needed for estimating the initial transmit power.
Peer1 shall also collect the measured Received Signal Quality (RxSQ), RxSQProS, corresponding to TxPProS. 

The CPCIProS detected, RxSQProS measured, and CPCIAppiPr1 from the higher layer are used for estimating the initial inter-P2PNWs transmitting power. The path loss in proximity, PLProS, can be estimated from {TxPProS, RxSQProS}. PLProS is a main factor for estimating the initial transmit power level.
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Figure 4 CPCI Detection in Proximity 
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Figure 5 Call Flow for CPCI Detection in Proximity 
2. Context-aware Inter-P2PNWs Power Control (shown in Figure 6 and Figure 7)
1) Peer1 shall set an initial value for its transmit power, TxPAppiPr1, based on

i. the initial inter-P2PNWs transmit power estimation from collected CPCIProS, RxSQProS, and its CPCIAppiPr1,

TxPAppiPr1 = f(CPCIProS, RxSQProS, CPCIAppiPr1),

where f is a function for estimating the initial power value. It can be as simple as averaging the transmit power levels detected in the proximity TxPProS,

ii.  or the minimum transmit power for Appi if no CPCI is detected in proximity.

TxPAppiPr1  = MinTxPAppi,

where MinTxPAppi is the default value for Appi or history data maintained by a higher layer.

2) Peer1 broadcasts the Power Control Request (PCReq) with its TxPAppiPr1 and CPCIAppiPr1 on the Common Channel. 
3) Peer1 adjusts the TxPAppiPr1, MaxTxPi, MinTxPi, PAdji, etc. of its context power control information, CPCIAppiPr1, based on the Power Control Responses (PCRess) from SuperVL, VLs, or Peers in proximity with different inter-P2PNWs control schemes. 

i. SuperVL’s PCRes: TxPAppiPr1 = f(TxPAppiPr1, PAdjAppiSupVL)

ii. VLs’ PCRes: TxPAppiPr1 = f(TxPAppiPr1, PAdjAppiVL1, PAdjAppiVL2, …)

iii. Peers’ PCRes: TxPAppiPr1 = f(TxPAppiPr1, PAdjAppiPr1, PAdjAppiPr2, …)

iv. No PCRes: TxP AppiPr1 = min{MaxTxPAppi, (TxPAppiPr1 + PAdjAppi)} , Peer1 increase power by PAdjAppi until timed out.

Where f is a function for adjusting the value of TxPAppiPr1 based on the responses in proximity, i.e. PAdjAppiSupVL, PAdjAppiVL1, PAdjAppiVL2, PAdjAppiPr1, PAdjAppiPr2, etc.
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Figure 6 Inter-P2PNWs Power Control 
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Figure 7 Call Flow for Inter-P2PNWs Power Control 
3. Context-aware Intra-P2PNW Power Control (shown in Figure 8 and Figure 9)
1) Peer1 sends PCReq at TxPAppiPr1 collaborated during inter-P2PNWs power control stage.
2) Peer1 adjusts the TxPAppiPr1, MaxTxPi, MinTxPi, PAdji, etc of its context power control information, CPCIAppiPr1, based on the PCRes from Peer2

TxPAppiPr1 = f(TxPAppiPr1, PAdjAppiPr2).
If no PCRes from Peer2, Peer1 will increase TxPAppiPr1 as follows

TxP AppiPr1 = min{MaxTxPAppi, (TxPAppiPr1 + PAdjAppi)}, 

if not timed out. If timed out, Peer1 aborts the TPC session.

Peer1 also inserts the TxP adjustment for the receiver Peer2 PAdjAppiPr1Pr2 in CPCIAppiPr1 to be transmitted to the receiver Peer2.
3) Peer1 transmits data to Peer2 on Appi channel with CPCIAppiPr1 at the power level of TxPAppiPr1, then waits for Peer2’s response.

4) Peer1 adjusts the TxPAppiPr1, MaxTxPi, MinTxPi, PAdji, etc of its context power control information, CPCIAppiPr1, as well as TxP adjustment for the receiver Peer2 PAdjAppiPr1Pr2, based on the PCRes from Peer2 if there is another transmission. Otherwise, Peer1 finishes this TPC session. If no response, Peer1 will increase TxPAppiPr1 and retransmits the data if not timed out. If timed out, Peer1 aborts the TPC session. 
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Figure 8 Intra-P2PNWs Power Control 
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Figure 9 Call Flow for Intra-P2PNWs Power Control 
4.4.2 Context-aware Multi-application Power Control Procedure

A peer can join one or more P2PNWs simultaneously in proximity. For example, a peer chats with a friend on a social network and checks advertisement or coupons broadcasted by stores in a shopping mall. So context-aware multi-application power control is needed for this scenario. 

As illustrated in Figure 10 and Figure 11, detailed steps for a context-aware multi-application power control procedure for Peer1 involved in both Application i and Application j are described below. 

1. CPCI Detection

The CPCI detection for each application, i.e. Appi or Appj, is similar to what is described in section General Context-aware Power Control Procedure. 

2. Context-aware Inter-P2PNWs Power Control

The inter-P2PNWs power control for each application, i.e. Appi or Appj, is similar to what is described in section General Context-aware Power Control Procedure.

3. Context-aware Multi-application Intra-P2PNW Power Control

The multi-application intra-P2PNW power control within each Application, i.e. Appi or Appj, is similar to what is described in section 5.2.1
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Figure 10 Context-aware Multi-application Power Control
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Figure 11 Call Flow for Context-aware Multi-application Power Control
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CPCI in Beacon: 
CPCI is inserted in the beacon and can be detected and extracted by a peer in the proximity.



CPCI on Common Control/Data Channel: 
CPCI is broadcasted on a common control or data channel to be detected and used for collaborating power control among the peers in proximity.



CPCI in a Transmission Frame: 
CPCI is transmitted with control information for Point-to-Multipoints power control request, or with data information for initial or open loop power control from a multicast transmitter.



CPCI in a Transmission Frame: 
CPCI is transmitted with control information for power control response, or with data information for closed loop power control with required power adjustment from a receiver.



Note 
The exact location of CPCI may vary depending on the specification or implementation of CPCI for context-aware power control.  




