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	SUMMARY

	This information paper gives an overview of the SAM and IOTA physical layers of P34. It gives a brief description of the protocol and then analyses in detail the issues concerning the point-to-point protocol when applied to an aviation environment.


1. INTRODUCTION

1.1 This paper gives a description of P34, and of the method used in simulating the system for use in aviation. It covers the physical and MAC layers, including an analysis of the strengths and weaknesses of the protocol.

1.2 In general, P34 has several suitable characteristics for use by aviation. In particular, the large amount of data that can be sent in one slot reduces the number of slots required per message and hence reduces the need for retransmissions. The organisation of both outbound and inbound channels by the ground station leads to better effective use of the channels. Preliminary simulations have shown that performance is not significantly reduced by Doppler effects [1]. Simulation testing of the protocol would provide reassurance of its stability.

1.1 Section 2 provides an analysis of the P34 protocol and describes the simulator that is being constructed to assess the system’s performance. Strengths and weaknesses associated with the protocol’s use for aviation are discussed in Section 3.
2. analysing p34

Overview
2.1.1 A description of P34 is provided in Appendix A. It was decided that the SAM physical layer would be analysed without the IOTA physical layer. This is because the SAM physical layer was deemed the more stable of the two and less susceptible to interference due to the lower bit rate. The protocol that is discussed here is the ground-to-air point-to-point protocol. P34 supports a direct air-to-air communication on a separate channel. The channel is accessed using random access and channel sensing methods.

Protocol Description

2.1.2 The size of a frame is controlled by the ground station. The default value is 32 slots. In the first slot of each frame the ground station broadcasts synchronisation information. The outbound channel is used by the ground station and the inbound channel is used by the mobiles. The Inbound channel is divided into slots that can be used for random access, called cluster slots, and slots that are used for reserved access. The ground station allocates the reserved and random access slots.
2.1.3 Each slot includes a Header Block, and the remaining part is used either for data or to send signalling information.
2.1.4 The ground station uses the header part of the slot to indicate whether the corresponding slot on the inbound channel is for random access or reserved access.
Random access protocol 

2.1.5 The random access procedure is used by mobiles on the inbound channel to request reserved slots, which can then be used to send data to the ground station.
2.1.6 When the mobile has data to send to the ground station it waits for the ground station to indicate the presence of cluster slots. Once the cluster has arrived the mobile will choose a slot to transmit in using a uniform probability distribution. The mobile will send a RSC_REQ which will indicate the number of slots that the mobile requires.

2.1.7 Once the ground station has received the RSC_REQ it will attempt to reserve the required slots and send a RSC_RES to the mobile to indicate if this was successful or not. 

2.1.8 If the mobile receives a RSC_RES indicating that the slots were successfully reserved it will transmit data in the reserved slots. These reserved slots will be indicated using the header part of the ground station transmissions.

Data packets

2.1.9 Data can be sent in three types of burst. An UP_BUNDLE is used if it is possible to fit more than one user data message into a burst. Otherwise an UP_DATA_END is used; if the user data message is too large to fit in this burst as many UP_DATA bursts as necessary are also sent. The segments are sent in order and an UP_DATA_END must be sent as the last segment even if all the data has previously been included in the previous UP_DATA segment.

2.1.10 A user data message can be confirmed or unconfirmed. If confirmation is required, an UP_RES is sent by the peer.

2.1.11 The following table shows how much data can fit into the different data burst types for SAM on a 50 kHz channel.

	Data Burst Type
	Channel type
	Amount of Data in bits

	UP_DATA
	Inbound
	214

	UP_DATA
	Outbound
	226

	UP_DATA_END
	Inbound
	171

	UP_DATA_END
	Outbound
	183

	UP_BUNDLE
	Inbound
	200

	UP_BUNDLE
	Outbound
	216


Table 2-1: Differernt data burst types
Calculations
2.1.12 It is possible to do some calculations based on what we know about P34 and other point-to-point technologies to give us more information about the system.
2.1.13 For instance, it is possible to calculate the approximate operational range of a system from the propagation guard time. For SAM the guard time is 625 s. This gives an operational range of approximately 100 NM. It is stated in [2] that it should be possible to extend the range to 150 NM without changing the physical layer.

2.1.14 Analysis was carried out as described in [1] on the expected effect of Doppler on P34. It is shown that the Doppler effects produced by travelling at a speed of 0.88 mach (top speed of a Boeing 777) cause the BER to be reduced from a static scenario once a BER of 10-3 is reached. It is however noted in the same document that due to channel coding specified in SAM, which consists of concatenated Hamming codes and a block interleaver, a raw BER of 10-3 is equivalent to a BER of 10-5. It is therefore stated that good performance can be achieved in the aeronautical channel.

Modelling P34

2.1.15 A P34 simulator is in the process of being developed. The model will simulate the point-to-point P34 protocol between ground stations and aircraft on an inbound and an outbound channel for a static scenario. Only the SAM physical layer is modelled. The Bit Error Rate (BER) information is taken from references [1] and [3].

2.1.16 The following assumptions are made:

a) RSC_REQ are only sent in cluster slots.

b) all parameters are set to their default values and are not changed by the ground station during the scenario.

c) the position of cluster and reserved slots will be placed in the parameter file and the mobile will use these values to calculate when it should transmit a RSC_REQ. A test will be carried out to see if the mobile would have decoded the header on the outbound channel correctly for each cluster slot until a successful decode occurs.

d) the ground station will not transmit while its peer is also transmitting in the corresponding slots on the inbound channel.

e) once a mobile receives a RSC_RES the information on the reserved slots will be contained in this burst. The decode of the reserved slot header will be simulated as a check, which if failed results in no transmission.

f) UP_RES is only requested for the last segment of the message (if segmentation was necessary)

g) only confirmed messages use state variables.

h) ground stations will select the next available slot for self transmission and when reserving slots for mobiles, taking into account the time to receive and process the message.

i) although the different segments of a segmented message need to be sent in sequence they do not need to be sent in consecutive slots. 

j) no channel sensing takes place by a mobile before transmitting in a random access cluster slot.

k) UP_BUNDLE can hold 200 bits of data on the inbound channel and 216 bits on the outbound channel (including the separating headers).

l) all the aircraft have already set up a link with the ground station, if a comparison of state variables results in a reset then this will occur without destroying and recreating the link.

2.1.17 The simulator will be able to calculate:
m) actual throughput compared to the load.  

n) number of aircraft supported by the ground station at a particular load.

o) latency for each scenario (e.g. time between requesting reserved slots and receiving an acknowledgement.

3. strengths and weaknesses

3.1 Strengths associated with the use of the P34 protocol for aviation.
3.1.1 The ability to dynamically change the random access parameters is a benefit as the ground station can better manage the channel as the loading changes.
3.1.2 The majority of the transmissions are ground controlled. Therefore the only potential clashes should be from random access only. This will lead to a reduction in retransmissions and queues should also be shorter.

3.1.3 The amount of data that can be sent in one UP_DATA_END packet means that, given the information on the expected sizes of messages for ATS point-to-point applications, segmentation of the message will rarely be required (AOC messages, which tend to be longer, may require segmentation).

3.1.4 All bursts are one slot in length. The standards do not state that slots reserved for the mobile must be consecutive. This gives greater flexibility when allocating slots and will lead to more effective channel usage.

3.2 Weaknesses associated with the use of the P34 protocol for aviation

3.2.1 It is necessary for mobiles to continuously decode the header part of the bursts on the outbound channel as they indicate whether the slots on the inbound channel are reserved or random access.  This makes it more likely that a mobile on the edge of reception area will miss its reserved slot.

3.2.2 Although the next user data message to be sent is selected on the basis of priority, it is not possible to interrupt a message with a higher priority message. Due to the high bit rate, messages are not likely to take very long to be delivered; therefore the only time this should be a problem is if many retransmissions are necessary.

3.2.3 Timers are used to trigger a retransmission. However, the ground station has the possibility of taking advantage of having reserved the slot for the mobile to acknowledge the reply. There is thus no need to wait for timers to expire. The ground station should retransmit as soon as the reserved slot has passed, if retransmission is necessary.

3.2.4 The use of state variables for unconfirmed transmissions appears to have no effect on the protocol, so their existence is questioned. 

3.2.5 A comparison of state variables is the only way of resetting the link. This can only be communicated to the peer by sending an UP_RES. This method seems rather limited. It is recommended that further protocol testing will reveal if this method is successful in resetting the variables quickly.

3.2.6 The standards do not discuss how a slot should be selected by the ground station either for itself or for the mobile – should it be from left to right? Should the next slot be chosen, or should it be a random selection from a choice of available slots?

3.2.7 The standards do not make it clear whether a mobile with more than one message in the queue will anticipate the need for more reserved slots and request enough slots to send the first message and another RSC_REQ, or if the mobile takes advantage of any extra space in the slot at the end of the first message to send a RSC_REQ. Note that if a RSC_REQ is sent in reserved slots and the first message requires a confirmation, state variables could become out of sync if the mobile receives the RSC_RES before the UP_RES. The management of this situation is not mentioned in the standards.

3.2.8 The protocol requires that an UP_DATA_END message be sent for every transfer (except if an UP_BUNDLE is being used). Therefore if the amount of data to be sent is only slightly larger than an UP_DATA_END can hold but less than an UP_DATA can hold, then the UP_DATA_END should still be sent without containing any data. This adds extra overhead to the message transfer.

3.2.9 The standards do not appear to include handover algorithms.

3.2.10 A ‘sliding window’ is mentioned in the standards. This is intended to allow the station to have more than one unacknowledged frame in existence. The default value of this ‘sliding window’ is 1, and it is not explained how the management of the state variables would occur if this window was any larger. The lack of this explanation implies that this concept requires more detail.

3.2.11 The use of the outbound channel for the ground station alone reduces the efficiency of the channel if the ground station has little information to send.

4. conclusion

4.1 In conclusion, P34 appears to be a robust protocol that could be very suitable for aviation communication. However, there are still areas that need further analysis. In particular, the need for mobiles to continuously decode the header part of the bursts on the outbound channel in order to know when to transmit could become a serious issue in cases where interference and/or noise could be interrupting the signal.

— — — — — — — —
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APPENDIX 
DESCRIPTION OF P34
A.1 Overview

A.1.1 P34 is a wideband digital radio system that transfers data on 50, 100, and 150 kHz channels in the 700 MHz band. P34 provides connectivity between mobile and fixed network, mobile to repeater to mobile, and direct radio to radio. It uses Time Division Multiple Access (TDMA) to share out the channel, and Orthogonal Frequency Division Multiplexing (OFDM) as the underlying modulation scheme, which uses a large number of closely spaced orthogonal sub-carriers to maximise the usage of the channel.

A.1.2 P34 has two different physical layers: Isotropic Orthogonal Transform Algorithm (IOTA), which is optional, and a Scalable Adaptive Modulation (SAM) layer, which is required. P34 uses interleaving, scrambling, and forward error detection to protect the transmission against burst errors. 

A.1.3 There are several modes of communication:

· Radio to Radio;
· Radio to FNE;
· Radio to repeater to radio; and
· Radio to vehicular repeater to FNE.
A.1.4 where FNE stands for Fixed Network Entity (ground station). This information paper will only consider the FNE modes as these are the most interesting when applied to aviation.

A.2 Slots

A.2.1 A slot is 10 ms in length including any up and down ramping and automatic gain control required. A frame is a range of 2-63 consecutive slots. The FNE broadcasts the frame length. In general the FNE) will transmit continuously and is full duplex Mobile radios transmit in pulsed bursts and are half duplex.

A.2.2 There are three types of slots:

· Inbound random access;
· Inbound Reserved; and
· Outbound.

A.2.3 Mobiles generate pulsed inbound messages and the ground stations (FNEs) generate continuous outbound messages. To recover the multicarrier signal, the receiver must derive a phase and amplitude reference. The reference needs to be updated periodically due to multipath effects.

A.2.4 In order to provide these references, pilot sequences are added to the signal. These are in a specific predefined sequence of subchannel symbols, which is known by the transmitter and the receiver. The sequences are different for each of the slot formats.

A.2.5 Only inbound slots have to accommodate propagation delays. A timing advance feature managed by the MAC layer assumes that propagation delays are not seen at the radio receiver level except for the initial random access slot.

A.2.6 The time advance function allows the ground station to monitor the propagation delay error for the received random access slot, and then signal the transmitter (mobile) with the appropriate correction parameters so that the reserved slots do not need such a large propagation margin. 

A.2.7 The three basic slot formats are addressed in the following sections.

A.3 Inbound Random Access 

A.3.1 This burst type is used by mobiles wishing to access the channel in order to send a message to the ground station when they do not already have reserved slots allocated to them. Bursts sent using this protocol use the most stable modulation available i.e. QPSK for SAM and BPSK for IOTA. This is to increase the likelihood that the burst will be received and decoded correctly by the receiver. These bursts only take up 5 ms, and therefore two of these bursts can be sent in the time taken to send one reserved access message. For both physical layers there is a period on either side of the burst to ramp-up before the burst and a propagation time afterwards. If the 100 kHz or 150 kHz enhanced channel options are used then it is possible to fit 4 and 6 random access bursts into a 10 ms slot respectively.

A.4 Inbound Reserved Access

A.4.1 This burst type is used by mobiles to send information to the ground station. This slot has been previously reserved for the mobile by the ground station. The reserved access slot can be sent using all modulation types and is 10 ms long. It includes a ramp-up before the burst and a propagation period afterwards.

A.5 Outbound

A.5.1 Outbound slots are used by the ground station to send information to the ground station. Due to the ground station transmitting continuously there is no need to allocate time for ramp-up and propagation. 

A.6 IOTA Physical Layer

A.6.1 The IOTA physical layer properties can be summarised as follows:

p) bandwidth of the slot is 50 kHz. An enhanced use of the channel is to have 100 or 150 kHz, which can be split into three 50 kHz channels, thus giving more chances to send data;
q) uses slotted aloha; and
r) 4000 symbols/sec are produced for the continuous outbound messages per subchannel.

A.6.2 The information capacity of the channel depends on: 

s) The underlying modulation i.e. 2-ASK, 4-ASK, or 8-ASK;
t) Number of pilots and sync symbols in the slot format; and
u) Time for propagation delay or power-up time.

A.7 SAM Physical Layer

A.7.1 The SAM physical layer properties can be summarised as follows: 

v) Can deliver a flexible bit rate in 50, 100 and 150 kHz bandwidths in the 700 MHz band; 

w) Outbound messages are continuous whereas inbound are pulsed on a slot by slot basis;
x) Uses TDMA;
y) SAM uses frequency-division multiplexed subchannels. This reduces the effect of time dispersion due to the low symbol rate;
z) 4800 symbols/sec are produced for the continuous outbound messages per subchannel;
aa) A filter is used to help reduce the intersymbol interference and improve the frequency domain attenuation outside the subchannel bandwidth;
ab) Subchannel mixing takes place which shifts the frequencies of the subchannels before summation; 

ac) a specific waveform is generated at the beginning of a transmitted slot (inbound) which permits automatic gain control (AGC) functionality at the base receiver;
ad) to recover the SAM signal, the receiver must derive a phase and amplitude reference. The reference is updated due to multipath effects; and
ae) pilot sequences are required (as in IOTA).
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