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[To consider this proposal for the definition of a high rate wireless PAN.]

Notice
This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

Release
The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.

HIPERPAN: an OFDM solution granting compatibility between next G of high rate WPANs and WLANs
In this document, a 5GHz multicarrier transmission scheme suitable for the next generation of Wireless Personal Area Networks is proposed. It is derived from a light version of the harmonized physical layer of IEEE802.11a, ETSI BRAN HIPERLAN/2 and ARIB MMAC HiSWAN, keeping only the required features for meeting the PAN requirements (i.e. lower cost, lower range) and also adding specific characteristics. In the sequel, the proposed system is referred as HIPERPAN (HIgh PERformance Personal Area Network).

Several reasons for proposing a high speed PAN as a modification - namely a simplification - of IEEE802.11a or HIPERLAN/2 can be put forward. First of all, it allows taking advantage of OFDM excellent skills such as robustness to multipath, spectral efficiency and scalability of bitrate (as flexibility). Being a multicarrier system, IEEE802.11a and HIPERLAN/2 are inherently modular, and thus can be easily tailored to specific applications by either relaxing or strengthening existing specifications, depending on the desired performances and cost tradeoffs. One of the main advantages of such an approach would be to grant compatibility with 5GHz OFDM based standards.

Therefore this proposal is motivated by the fact that a convergence in terms of bitrate requirement between next generation of WPANs (high data rate) and WLANs is foreseen:

· WPAN: IEEE802.15.3 (20Mbps), Bluetooth SIG2 (2-10Mbps)

· WLAN: IEEE802.11a, ETSI BRAN HIPERLAN/2, ARIB MMAC: 6-54Mbps

Moreover no coordination between WPANs and WLANs standards could result in a plurality of competing systems sharing the same band which could result in

· a regulatory acceptance issue (Europe is reserving the 5GHz band for HIPERLAN devices)

· an increased cost of service per Hz for a given technology due to the sharing of spectrum

Thus the goal of this proposal is really to address the higher bitrate demand for WPAN devices while

· anticipating the convergence between WPAN&WLAN

· preserving the specificity of WPAN: low cost, low range, peer to peer, embeddable

· granting interoperability with 5GHz WLANs: e.g. provide a mean to sync devices both in office and home environment (from coexistence to compatibility)

· Accessing 5GHz band as spectrum opportunity for WPAN (escape mw-oven spurious) because personal means worldwide operation! The polluted 2.4GHz band will perhaps not meet the QoS requirements for delivering video streams

HIPERPAN characteristics

1. Frequency band

HIPERPAN would operate in the worldwide available part of the 5GHz, namely the 5.15-5.25GHz band. This would enable NOMADICITY, WITHOUT REGULATORY CHANGE. In addition, it is possible to extend this band in some parts of the world, for example to the whole IEEE802.11 band (5.15-5.35GHz and 5.725-5.825GHz) in US, or to the whole HIPERLAN/2 band in Europe (5.15-5.35GHz and 5.470-5.725GHz).

2. Data Link Control (DLC) sketch
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The major difference between WLANs and WPANs resides in the network topology: WPANs have to enable adhoc networking. Self organizing is not covered by IEEE802.11a standard but is already addressed in HIPERLAN/2 to some extent by the Home Environment DLC extension via the dynamic Central Controller selection concept. Therefore, though HIPERLAN/2 is primarily a centralized connection-oriented system, it supports two operating modes: an infrastructure-based mode and an ad-hoc network mode. Moreover, the HIPERLAN/2 MAC frame involves a Direct Link, which can straightforwardly be used for direct communications between two HIPERPAN devices. Thus we propose to reuse as a basis for the IEEE802.15.3 MAC/RLC/ARQ (DLC) specification all possible parts of the existing HIPERLAN/2 Home Environment DCL extension. This approach would allow interoperability at the DLC level between the two systems. The overall frame structure would therefore as illustrated below (cf. ETSI BRAN HIPERLAN/2 specification).

3. Main baseband parameters

a- OFDM modulation

HIPERPAN is based on an Orthogonal Frequency Division Multiplexing (OFDM) modulation. The main advantages of such OFDM systems are the following:

· spectral efficiency, since the information bit train is divided in several bit trains transmitted on different overlapping subcarriers, which are orthogonal to ensure the information retrieving at the receiver;

· multipath immunity, by using a guard interval which “absorbs” the channel effects, allowing information retrieval using a very simple (complexity wise) equalization scheme;

· modularity, which favors both scalability and silicon reuse;

Mirrored from the 5GHz worldwide harmonized PHY specification for WLANs, the  OFDM parameters for HIPERPAN are the following: 

· 64 subcarriers, including 48 information subcarriers , 4 pilot subcarriers used for phase channel tracking and 12 zero subcarriers for avoiding adjacent channels interferences;

· channel spacing is 20Mhz; 

· sampling frequency: 20Mhz;

· the guard interval is reduced to 400ns (i.e. eight samples) since PAN channel impulse responses are quite short;

· OFDM symbol duration: 3.6(s (including the guard interval).

b- Subcarrier modulation


In order to allow a significant reduction of implementation cost compared to WLANs, only two different subcarrier modulations are considered:

· BPSK for Broadcast and Frame Control Channels; this is required for compatibility and decoding of IEEE802.11a and HIPERLAN/2 signalling parts of the frame. Moreover it consists in a very robust constellation towards transmission errors required for conveying crucial information such as configuration data.

· QPSK for the payload. This is also a robust constellation, but it allows a double throughput compared to BPSK.

c- Coding scheme


The same Forward Error Correction (FEC) scheme as IEEE802.11a or HIPERLAN/2 is proposed, i.e. a rate ½ convolutional encoder whose generator polynomials are 133 and 171 (hexadecimal form). In order to increase the user throughput, it will be punctured to provide a user data coding rate of ¾. On the other hand, it is expected that in some short range Line Of Sight (LOS) transmissions, coding will be useless. Therefore it is proposed to implement link adaptation, and to define 4 PHY modes:

· BPSK + coding rate ½: used for Broadcast and Frame Control Channels, as in IEEE802.11a or HIPERLAN/2;

· QPSK + coding rate ½: used for user information data in severe conditions;

· QPSK + coding rate ¾: used for user information data in normal conditions;

· QPSK without FEC: used for user information data in good conditions (short range LOS channels);

Note that the most often used mode is expected to be QPSK ¾. However no additional complexity is required for achieving QPSK ½ mode since the mother code is the same. 

How does HIPERPAN fulfill the matrix of Criteria? (Self rating)

Following is the self rating matrix for the PHY protocol: (HIPERPAN values are highlighted)

CRITERIA

Comparison Values

Comments.


-
Same
+


Size and Form Factor
Larger
Compact Flash Type 1 card
Smaller


Minimum MAC/PHY Throughput
N/A (below PAR value)
20 Mbps + MAC overhead
> 20 Mbps


High End MAC/PHY Throughput  (Mbps)
20 – 39 Mbps
40 Mbps + MAC overhead
> 40 Mbps


Frequency Band
N/A (not supported by PAR)
Unlicensed
N/A (not supported by PAR)


Number of Simultaneously Operating Full-Throughput PANs
< 4
4
> 6
9 in Europe

8 in US

Signal Acquisition Method
N/A
N/A
N/A


Range
N/A (below PAR value)
10 meters
> 10 meters


Sensitivity
>-80 dBm

BER: 10^-5

PER:  512 bytes
-80 dBm

BER: 10^-5

PER:  512 bytes
<-80 dBm

BER: 10^-5

PER:  512 bytes
Depends on the quality of front end components 

Delay Spread Tolerance
> 25 ns
25 ns
< 25 ns
< if ARQ is used 

Power Consumption
More power
Power Consumption comparable to Bluetooth 1.0b
Less power
Not known yet

The answers to some of general solution criteria are the following:

· Time to the market: first IEEE802.11a and HIPERLAN/2 products are expected to appear on the market really soon (in Q3 of 2001 both IEEE802.11a and HIPERLAN/2 will be there). Therefore the same can be expected for an HIPERPAN solution. Maturity of the solution: high, since both IEEE802.11a and HIPERLAN/2 are already standardised.

· Regulatory impact: no change required.

· Scalability: this is one of the main advantages offered by OFDM: data rate, cost, consumption, function are all scalable. Frequency band is also an area of scalability since OFDM can easily be operated in higher frequency bands.

HIPERPAN solution further advantages

As claimed previously, the HIPERPAN solution has several additional advantages:

· More than coexistence: compatibility with worldwide WLAN standards (IEEE802.11a, ETSI BRAN HIPERLAN/2, ARIB MMAC HiSWAN);

· silicon reuse from or for WLAN products by broadening the application space impacted by OFDM covering at the same time 3 spaces: office/home/personal;

· give access to a larger spectrum at 5GHz band still reserved for HIPERLAN/2 in Europe;
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