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Abstract

We propose the application of Contention-Free Scheduling (CF-Schedule) or Polling (QoS CF-Poll) [2]

 REF _Ref503851538 \r \h 
[3] to facilitate the convergence of 802.11 and HiperLAN/2 as a candidate contribution to the 5 GHz globalization activity. By assuming that CF-Schedule will be available as part of IEEE 802.11e MAC as the result of Task Group E (TGe) activity in the future, no additional MAC frame needs to be defined for the purpose of convergence of ETSI BRAN HiperLAN/2 and IEEE 802.11. This approach is based on 802.11 superframe, beacon, and CF‑Schedule / QoS CF‑Poll. The superframe forms the known repetition interval with alternating contention periods and contention free periods. Using scheduling mechanisms of 802.11e, periodic and exclusively allocated HiperLAN/2 MAC frames are integrated into the 802.11 superframe. During contention period, the HiperLAN/2 Absence Mode will enable time division based sharing. The proposed technique is a base for coexistence, interworking, and a candidate for a unified standard. Changes required in HiperLAN/2 and 802.11e are very minimal. QoS, which is a strong requirement specifically for the connection-oriented MAC protocol of HiperLAN/2, can be supported as it can be with the original HiperLAN/2.

1 Introduction

The Contention-Free Scheduling (CF-Schedule) and QoS polling (QoS CF-poll), channel access mechanisms proposed in the TGe QoS baseline proposal [2] and in [3], are here utilized for the extension of the 802.11 - HiperLAN/2 (H2) convergence proposal in [1]. By extension of [1], this proposal allows both H2 and 802.11 to share the bandwidth via the control of a H2 Central Controller (CC), which has to negotiate the channel access with an 802.11 Enhanced Point Coordinator (EPC). 

The extension will allow the support of all convergence levels of 802.11 and H2 discussed at the 5GSG. Our proposal is based on CF-Scheduling and alternatively QoS CF-Poll. It relies on the adoption of the Enhanced PCF (EPCF) for periodic isochronous traffic at 802.11 Task Group E (TGe). Thus, in the following the convergence of H2 and 802.11e rather than the standard 802.11-1999 is discussed. By assuming that CF-Schedule will be available in the future no additional MAC frames have to be defined for the purpose of coexistence and interworking of H2 and 802.11. In principle, coexistence and interworking between H2-MTs and 802.11-ESTAs at one channel is reached without definition of new management frames.

Our idea is based on the 802.11 superframe, beacon, and CF-Schedule / QoS CF-Poll. 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. We also consider the strict throughput, QoS, and clock timing requirements of home applications. 

The next section summarizes the working assumptions and terms currently used at the 5GSG. Section 2 discusses two possible scenarios of coexistence and interworking. Section 4 reviews the CF-Schedule and QoS CF-Poll access mechanisms, and Section 5 briefly discusses the potential of CF-Schedule/QoS CF-Poll for supporting H2, without QoS compromises. Section 6 highlights a general timing problem of IEEE 802.11 and H2. The document ends with a conclusion and references for details.

2 Convergence Levels: Coexistence, Interworking, Unified Standard 

Before discussing the convergence approach, the levels of convergence agreed upon at the 5GSG are reviewed in this section. As proposed in [8] as working assumption for the 5GSG, some terms have been defined in addition to what is already defined in [7]. Three levels of convergence have been defined: coexistence, interworking, and unified standard. The following classification of convergence levels was agreed on as working assumption at the 5G alignment subgroup.
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Figure 1: convergence levels

As the minimum goal of convergence, coexistence is required. In addition to the basic approach of coexistence by means of radio resource management (DCS/TPC), coexistence at one channel is considered. Interworking requires more changes of the two standards. Interworking means the coordination of resource sharing by exchanging management frames between devices of different types of standard. A potential merged new standard is called the unified standard. This unified standard will allow full exchange of data between devices under individual QoS agreements.

What is important to note is that with respect to [6], this proposal intends to support isochronous traffic by allowing capacity agreements between the devices. No matter what level of convergence is aimed for, the first priority is QoS for contention free traffic in order to meet the expected requirements of future wireless LANs. This leads to the requirements of 

· Spectrum efficiency and minimized overhead of protocols

· The ability to guarantee or at least support the allocation of fixed resources for contracting QoS levels between devices

· A guaranteed (supported) continuous or periodic availability of resources in time division based sharing and coexistence approaches

3 Scenarios
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Figure 2: Interworking scenarios. In this document, the left scenario is discussed. Refer to [10] for the discussion of the right scenario.

Two different scenarios have to be considered, see Figure 2. 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 (a CC in H2 is an AP) for each of H2 and 802.11e, respectively. However, these two APs will need to communicate with each other. Resource sharing will be based on policies between the H2 CC and the 802.11 EPC. The H2 CC will need to understand 802.11a PHY as well as 802.11e beacon, QoS CF-poll, CF-schedule. The 802.11 EPC will need to adjust QoS CF-Poll/CF-Schedule for H2 to meet the QoS requirement of H2 systems.

In the second scenario (right) a single device controls both H2 and 802.11 networks/systems. In this situation, neither CF-schedule nor QoS CF-poll is needed to allocate bandwidth to H2 systems. The single controller provisionally named "CCEPC" can set up the CFP, and during the CFP, it can transmit the H2 BCHs whenever necessary [10]. This can be done because out of 802.11e, the 802.11 EPC can limit the transmission time of each ESTA via TxOP. This scenario can be more efficient than the first one since it does not require QoS CF-poll/CF-schedule, and the CCEPC has the full control over the medium across both systems. Of course, the CCEPC must understand both systems/protocols completely. See [10] for discussion of this scenario.

4 QoS in 802.11e via CF-Schedule and QoS CF-Poll

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 during each CFP repetition interval with a specific minimum length in order to allow the exchange of at least one data frame including acknowledge.

According to the ongoing discussion at TGe,  a CFP comprises phases for CF-Schedule, QoS CF-poll, Multipoll, Centralized Contention (CC
) and Reservation Request (RR). Figure 3 exemplarily shows a superframe with candidate enhanced channel access mechanisms.
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Figure 3: CF-Schedule [3]. The CF-Schedule frame defines one ore more TxOPs per superframe, each with individual start times (relative to TBTT) and lengths. All scheduled TxOPs will be allocated in the following CFPs.

The enhanced Point Coordinator (EPC) will be capable of scheduling transmission opportunities (TxOP) for one or more of its associated enhanced stations (ESTA). A scheduled TxOP phase is based on time division multiple access (TDMA) and is announced with a CF-Schedule frame transmitted by the EPC. An ESTA is assigned a TxOP by the EPC starting at a fixed time offset from the Target Beacon Transmission Time (TBTT) and persistent for a (maximal) duration, i.e., number of superframes. Both TxOP parameters, starting time (TxOP Start) and duration (TxOP Limit) are present within the CF‑Schedule frame announced by the EPC. Furthermore, the EPC can change the allocation of the TxOPs within the ongoing superframe (or in the following CFPs) at any time by sending another CF-Schedule frame with an altered allocation.

The structure of the CF-Schedule frame is illustrated in Figure 4. The frame consists of the fields for Frame Control, Duration/ID, the ID of the Basic Service Set (BSSID), Activation Delay, Record Count, Frame Check Sequence (FCS) and 8 bytes for each ScheduleRecord. this ScheduleRecord field is used to define a single transmission opportunity (TxOP) and can be subdivided into four fields which are (1) AID which is the ID of a ESTA that is receiving a TxOP from this ScheduleRecord, (2) TxOP Start, (3) TxOP Limit and (4) TxOP Lifetime. The last parameter specifies the maximum number of sequential superframes during which the ESTA may use this scheduled TxOP in the absence of a subsequent CF‑Schedule frame. One ore more ScheduleRecords, are arranged within a CF-Schedule frame in the order of their occurrence. Multiple TxOPs can be scheduled by one single CF-Schedule frame at arbitrary start times and with individual lengths. Each ScheduleRecord of the frame schedules one particular TxOP.

octets: 2
2
6
1
1
8*RecordCount
4

Frame Control
Dur/ID
(32768)
BSSID
Activation
Delay
Record Count
Schedule Record (8 octets)
FCS






AID
(2 octets)
TxOP
Start
(2 octets)
TxOP
Limit
(2 octets)
TxOP
Lifetime
(2 octets)


MAC Header


Figure 4: CF-Schedule frame format [2]. TxOP Start and Limit define multiples of 8us. TxOP Start is given relative to TBTT.

Applying this CF-Schedule scheme for the coordination of the channel access based on exclusive transmission opportunities, QoS can be supported in terms of fixed-rate flows. For scheduling one or more H2 MAC frames within the CFP, this concept of assigning a fixed capacity at a fixed, periodically repeated point in time is an efficient solution. See the next section for more details.

Alternatively, if CF-Schedule is not available, the QoS CF-Poll can reserve time intervals (TxOPs). In contrast to CF-Schedule, QoS CF-Poll allocates TxOPs for the current superframe, but not for a number of following superframes. 

Various activities at different 802.11 working groups (TGe/TGh) lead to the introduction of techniques to additionally allow support of isochronous traffic, as it is discussed here. For periodic scheduling of a fixed sized TxOP into the CFP of an EPC, two issues, the OBSS and the hidden node problem have to be considered. The OBSS problem refers to the fact that in 802.11 networks different competing neighboring BSSs may operate at the same channel, even with two PCs and competing CFPs. Without any counter-measure this may lead to delayed beacons or even a lost CFP within one superframe. H2 can not support any isochronous traffic, nor does a standard PC, if this is not coordinated. Solution concepts are under discussion at TGe. Dynamic Channel Selection (DCS) as discussed at TGh, will drastically reduce the OBSS problem, and is a simple solution concept for the hidden node problem.

5 CF-Schedule/QoS CF-Poll for H2 MAC Frames

5.1 Scheduling of H2 MAC Frames

The concept of scheduled TxOPs for coordination of the channel access can apply when reserving H2 MAC frames within the CFP. As described in the previous section, alternatively QoS CF-Poll may be used for scheduling. In the following, we refer to CF-Schedule only, QoS CF-Poll may be used similarly. Two details of the H2 MAC frame and timing structure are of special interest and have to be taken into account within this approach on coexistence between 802.11a and H2, i.e.

· Each H2 MAC frame has a fixed duration of 2 msec and is periodically repeated in time. (In H2 the periodic interval of 2 msec is referred to as MAC frame. The H2 MAC frame is thus a time interval rather than a transmitted burst.)

· The H2 MAC frame starts with a broadcast phase sent by an H2 CC/AP, which announces the structure of the following MAC frame

Therefore, to support QoS it is mandatory to guarantee that every H2 MAC frame is not delayed and underlies no interference for its whole duration of 2 msec. A collision of the broadcast phase will consequently result in a corrupted H2 MAC frame as none of the H2 mobile terminals (MTs) knows the necessary information about the timing/MAC frame structure. Both of the above prerequisites are met when applying the concept of TxOPs for scheduling H2 MAC frames within the CFP.

In Figure 5, a number of H2 MAC frames is scheduled to be transmitted as part of the ongoing CFP. The TxOPs are announced within the CF-Schedule frame transmitted by the 802.11 EPC at the beginning of the superframe. The TxOP Limit of the ScheduleRecords of the CF-Schedule frame have to be set to a multiple of 2 msec. As the TxOP is exclusively assigned and its start is deterministic, the H2 broadcast is not delayed and can be transmitted without any interference. As the traffic caused by the H2 MAC frames can be referred to as a fixed-rate, isochronous flow, no capacity re-scheduling is necessary during consecutive superframes. However, due to timing differences between 802.11 Time Units (TU, 1TU = 1024 usec) and HiperLAN/2 MAC frames (1 H2 MAC frame = 2000 usec), the ScheduleRecords of the (H2)-TxOPs (as announced in the initial CF-Schedule frame) require for continuous updates within each new superframe. This problem is discussed in Section 6.
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Figure 5: H2 MAC frames scheduled by CF-Schedule

Figure 5 further includes the CP as based on the current 802.11 standard, which may have implications on the maximum capacity which can be allocated to H2.

There is a difference between CF-Schedule and the application of QoS CF-Poll for scheduling of H2 MAC frames. Once being polled, i.e. H2 MAC frames are scheduled by a QoS CF-Poll, the first BCH within the scheduled time interval must be sent within SIFS time. CF-Schedule does not imply this strict requirement. According to TGe definitions, no other station within range of the EPC will interfere the scheduled interval even if no transmission happens at all. 

6 802.11 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.

7 Conclusions

A mechanism for convergence of H2 and 802.11 is proposed and briefly outlined. Using simple scheduling mechanisms currently under discussion at TGe, periodic and exclusively allocated  H2 MAC frames are integrated into the 802.11 superframe. The proposal relies on future channel access mechanisms for isochronous traffic to be defined at TGe. The proposed technique is a base for a coexistence and interworking. Changes required in H2 and 802.11e are very minimal. Definitely, QoS can be supported which is a strong requirement specifically for the connection-oriented H2. At this level of discussion, the focus lies on the infrastructure-based versions of the two standards.
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