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Abstract

We propose a hybrid of HiperLAN/2 (H2) Centralized Controller (CC) and 802.11a/e enhanced Point Coordinator (EPC), referred to as CCEPC, in this paper. The CCEPC is placed in a device, which has both 802.11a/e MAC/PHY and H2 MAC/PHY implemented. Basically, the CCEPC can talk to the 802.11a/e stations (STAs) as well as H2 mobile terminals (MTs), and the full control over the co-located 802.11a/e and H2 networks. Here, we assume that 802.11e MAC will have enhanced PCF (EPCF) including QoS CF-poll as proposed in TGe QoS baseline document in [3]. The CCEPC will render the time-sharing of the bandwidth between 802.11a/e and H2 without sacrificing the QoS support of both systems.

1 Introduction

A hybrid of HiperLAN/2 (H2) Centralized Controller (CC) and 802.11a/e enhanced Point Coordinator (EPC), referred to as CCEPC, is proposed for the interworking of 802.11a/e and H2 systems. The CCEPC is placed in a device, which has both 802.11a/e MAC/PHY and H2 MAC/PHY implemented. Basically, the CCEPC works as the EPC to 802.11a/e enhanced stations (ESTAs) and as the CC to H2 mobile terminals (MTs), respectively. 

Here, we assume that 802.11e MAC will have the enhanced PCF (EPCF) including QoS CF-poll as proposed in TGe QoS baseline document in [3]. One crucial feature of 802.11e MAC for our proposal is Transmission Opportunity (TxOP). The enhanced PCF (EPCF) will have a full control over the medium in terms of the channel busy period. Therefore, the proposed CCEPC has the full control over the co-located 802.11a/e and H2 networks. The CCEPC will render the time-sharing of the bandwidth between 802.11a/e and H2 without sacrificing the QoS support of both systems. The proposed CCEPC will allow the support of all convergence levels of 802.11 and H2 discussed at the 5GSG. 

The next section presents two different interworking scenarios, which may happen when 802.11a and H2 systems are co-located. Section 3 briefly presents the new features of 802.11e, which are crucial to the proposed mechanism, and Section 4 presents how the proposed time-sharing can be done via the CCEPC. Section 5 highlights a general timing problem of IEEE 802.11 and H2. The document ends with a conclusion and references for details.

2 Two Interworking Scenarios
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Figure 1: Interworking scenarios. In this document, the right scenario is discussed. Refer to [2] for the proposal for the left scenario.

Two different scenarios have to be considered, see Figure 1. 

In the first scenario (left), the H2 CC has control over the H2 MTs only, while there is another 802.11e EPC, which has control over the 802.11 stations. The H2 CC has to associate at the EPC in order to request for resources. This scenario assumes that there are two APs for each of H2 and 802.11e networks, respectively. However, these two APs will need to communicate with each other. Resource sharing will be based on policy negotiation between the H2 CC and the 802.11 EPC. The H2 CC will need to understand 802.11a PHY as well as some MAC frames. The 802.11 EPC will need to allocate bandwidth to H2 CC via the negotiation.

In the second scenario (right), a single device CCEPC controls both H2 and 802.11 networks/systems. This scenario can be more efficient than the first one since we do not need a negotiation/communication between two control entities as it is the case with the first scenario. Of course, the CCEPC must understand both systems/protocols completely. In this paper, we consider this scenario by introducing the CCEPC.

3 Contention-Free Operation of 802.11e 

The enhanced channel access mechanism is based on the known superframe that is periodically repeated in time every CFP repetition interval. A superframe is composed of a contention-free period (CFP) and a contention-period (CP). There is the requirement that the CP must be available after each CFP repetition interval with a specific minimum length in order to allow the exchange of at least one data frame including acknowledge. The transmission time of the data frame will be defined more specifically in TGe since it is not clear from the current specification IEEE 802.11-1999 [4].

According to the ongoing discussion at TGe, a CFP comprises the phases for CF-Schedule, Multipoll, Centralized Contention (CC
) and Reservation Request (RR) as well as the polling mechanism QoS CF-Poll. Figure 2 shows a superframe with candidate enhanced channel access mechanisms.
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Figure 2: Example of 802.11e CFP with QoS CF-poll, Multipoll, CF-Schedule, and CC/RR.

The enhanced Point Coordinator (EPC) is capable of assigning transmission opportunities (TxOP) for one or more of its associated enhanced stations (ESTA) via QoS CF-poll, Multipoll, or CF-schedule. The definition of TxOP during the CFP is [3]:

An interval of time when a particular enhanced station (ESTA) has the right to initiate transmissions onto the wireless medium (WM), defined by a starting time and a maximum duration. During the contention free period (CFP), the starting time and maximum duration of each TXOP is specified by the EPC, using the {+}CF-Poll function of data type frames, or CF-Multipoll or CF-Schedule control frames. Within the limits of each TXOP, decisions regarding what to transmit are made locally by the MAC entity at the ESTA.

Via the TxOP, the EPC has the full control over the medium in terms of when each ESTA starts a transmission as well as when the ESTA should finish its transmission by.

Another important feature of the proposed 802.11e is that each ESTA during the CP will not start its transmission if it cannot finish its transmission before the next target beacon transmission time (TBTT). Thanks to this new feature, a beacon can be transmitted at each TBTT. Note that a beacon transmission could be deferred in case of the legacy 802.11 as defined in the current specification IEEE 802.11-1999 [4], due to a potential transmission, which does not finish by the next TBTT.

4 H2 MAC Frames during CFP 

The proposed CCEPC works as an EPC to the 802.11 STAs while it works as a CC to H2 MTs. Note that EPC and CC have the full control over 802.11 STAs and H2 MTs, respectively, in terms of when to transmit and when to finish transmission. Now, one can easily imagine that the CCEPC can allocate the bandwidth to 802.11 STAs and H2 MTs in a time-shared manner as it likes. 


Figure 3
 shows an example of time-sharing via the scheduling of CCEPC.
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Figure 3: An example of 802.11a/e and H2 time-sharing via the scheduling of CCEPC; Poll, Data, and Ack in the figure refer to QoS CF-Poll, QoS Data, and QoS CF-Ack, respectively.

The superframe still forms the known repetition interval with alternating contention periods and contention free periods. If the contention period based on DCF (or 802.11e EDCF) is active, the H2 Absence Mode will enable time division based sharing. Note that it is the CCEPC that is in charge of channel access control and radio resource management. There is no necessary QoS compromise.

5 802.11 Time Unit and Synchronization Concerns

The CFP can comprise all possible combinations of H2 and 802.11 TxOPs via the proposed mechanim. In general, the H2 Absence Mode must be activated in each CFP repetition interval in order to allow contention free traffic of CF-Pollable ESTAs as well as the Contention Period for 802.11 ESTAs to associate with the BSS. 

Remind that as part of the upcoming 802.11e MAC, the beacon can be transmitted at the TBTT all the time since the ESTAs will not transmit their frames during the CP if they cannot finish their transmission before the next TBTT. This has specifically implications on applications such as Wireless 1394 of home networks. Note that H2 defines the 1394 Convergence Layer (1394 CL) in order to support Wireless 1394 applications. In addition to the known QoS parameters throughput, delay, and delay jitter, 1394 requires tight clock synchronization with period 125 usec. To support this 1394 synchronization, 1394 CL of H2 defines periodic transmission of frame syncs every 2 msec. While a few frame sync skips can be tolerable, skipping some frame syncs by the control of CCEPC is very desirable.

The underlying timing of the two protocols works with different time bases. All TBTTs, the lengths of the superframe, and the CFP and CP are announced by the periodically transmitted beacon and defined based on 802.11 Time Units (TU). According to the 802.11 standard, one TU corresponds to 1024 usec. Obviously this does have implications on the proposed way of scheduling. Referring to the requirement that the periodic absent times in H2 and the periodic transmission of the H2 BCH have to be a multiple of 2 msec, or 2000 usec, the CCEPC should allocate the TxOP for 802.11 ESTAs intelligently. 

6 Conclusions

We propose a hybrid of 802.11e EPC and H2 CC, called CCEPC, which has both 802.11a/e and H2 MAC/PHY implementation. The CCEPC renders the bandwidth sharing between 802.11a/e and H2 without compromise of QoS supported by each system.

Note that the proposed solution requires a single complicated system, i.e., CCEPC, while all other devices can be normal 802.11a/e STAs and H2 MTs. The proposed technique is a base for a coexistence and interworking. At this level of discussion, the focus lies on the infrastructure-based versions of the two standards.
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� ETSI BRAN adopted this acronym for the Central Controller.
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