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Abstract

We propose a hybrid of HiperLAN/2 Centralized Controller and 802.11a/e Hybrid Coordinator, referred to as CCHC. The CCHC is placed in a device, which has both 802.11a/e MAC/PHY and HiperLAN/2 MAC/PHY implemented. The CCHC can talk to the 802.11a/e stations as well as HiperLAN/2 mobile and wireless terminals, and has full control over the co-located 802.11a/e and HiperLAN/2 networks. We assume that 802.11e MAC will have Hybrid Coordinator including QoS CF-poll as found in the 802.11e QoS draft 1.0 document. The CCHC is capable to render the time-sharing of the radio resources between 802.11a/e and HiperLAN/2 without sacrificing the QoS support of both systems.

1 Introduction

Interworking, i.e. the communication between HiperLAN/2 (H2) and IEEE 802.11a (802.11) terminals in an integrated protocol where a centrally coordinating device is capable of operating in 802.11 and H2 mode requires a dual protocol inside this coordinator. An approach called CCEPC has been discussed in [1]. Whereas the CCEPC relies on the use of Contention Free Period (CFP), we now look at interworking realized by applying the Hybrid Coordination Function  (HCF) of the upcoming IEEE 802.11e QoS-enabled MAC. A combination of an H2 Centralized Controller (CC) and 802.11a/e Hybrid Coordinator (HC), referred to as CCHC, is proposed in this document for the interworking of 802.11a/e and H2 systems. The CCHC is placed in a device, which has both 802.11a/e MAC/PHY and H2 MAC/PHY implemented. Basically, the CCHC works as the HC to 802.11a/e enhanced stations (ESTAs) and as the CC to H2 mobile and wireless terminals (MTs/WTs). The proposed CCHC will allow the support of all convergence levels of 802.11 and H2 discussed at the 5GSG, specifically the interworking. See [6] for the definition of convergence levels. We expect that 802.11e MAC will have the HCF including QoS CF-poll as found in IEEE 802.11e draft 1.0 [4].

Before discussing the CCHC, we review various possible configurations for a Basic Service Set (BSS). The H2 standard does not define an equivalent name for a BSS. Therefore we define a new acronym, the H2-BSS (HBSS), for a set of H2 terminals, which will be used in the following discussion. A BSS may be an Independent BSS (IBSS), which is operating in CSMA/CA (Distributed Coordination Function, DCF), a QoS-BSS (QBSS) coordinated by an HC, or a HBSS, i.e. an H2‑CC together with associated WTs/MTs. The acronym HBSS reflects that we understand an H2-cell as a BSS. However, HBSS can be understood as QBSS, as H2 supports QoS and requires a free frequency channel. The acronym OBSS stands for Overlapping BSS, i.e. an interfering BSS. In the worst-case scenario the OBSS is a QBSS or HBSS; then it is called an OQBSS. The following diagram shows the acronyms, which will be used in the following discussion. 
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Figure 1: Different types of BSSs, notation.

IBSSs operate with DCF only; by default they can share a channel with competing 802.11-BSSs, but without any QoS support. An HBSS relies on free frequency channels for QoS support. All 802.11-based QBSSs, i.e. coordinated by an HC, can share a frequency channel with IBSSs without compromise in QoS support. Two or more overlapping QBSSs rely on policies for fair access and QoS support.
2 Transmission Opportunities of HCF

One crucial feature of 802.11e MAC for our proposal is the Transmission Opportunity (TXOP).  A TXOP is defined as an interval of time when an ESTA has the right to initiate transmissions, defined by a starting time and a maximum duration. The length of a TXOP is defined in number of 16usec. TXOPs are allocated in either CP or CFP. The HC may allocate TXOPs to itself to initiate frame exchanges whenever it wants, however, only after detecting the channel as being idle for the duration of PIFS. During CP, each TXOP begins either when the medium is determined to be available under the (E)DCF rules, i.e. after DIFS plus back-off time, or when the ESTA receives a QoS CF-Poll from the HC. The QoS CF-Poll from the HC can be sent after PIFS, without any back off. During the CFP, the starting time and maximum duration of each TXOP is specified by the HC, again using the QoS CF-Poll frames. For the CP, it is important to notice that the duration of a TXOP that is acquired by an ESTA via contention and not granted by the HC, is limited by the duration value called TXOP limit. The value of TXOP limit is set by the HC and is distributed by the HC within the beacon frame. Allowed values are from 16 to 16368usec. TXOPs granted by the HC do not have to follow this rule and may be longer than TXOP limit, up to the maximum duration dot11CFPMaxDuration.
3 The CCHC-Interworking Solution

According to [4], within the limit of each TXOP, decisions regarding what to transmit are made locally by the MAC entity at the ESTA. It is natural to extend this concept for allocating H2 MAC frames to provide an uncomplicated interworking solution. For this reason we believe that the CCHC concept discussed here has high potential for interworking and coexistence between 802.11 and H2. 

3.1 Basic Access Mechanism

A single device, the CCHC, controls both H2 and 802.11 networks/systems, i.e. an HBSS and an 802.11-QBSS. The CCHC must understand both systems/protocols completely. Figure 2 shows the CCHC scenario. By allocating TXOPs to ESTAs and to H2 terminals the CCHC will have full control over the wireless medium. Therefore, the proposed CCHC has the full control over the co-located 802.11a/e and H2 networks. As the H2 standard defines periodic transmission of frame syncs every 2msec, the H2 MAC frames have to be periodically allocated with a period of n * 2msec. As in the HCF, PCF, and H2, all STAs/terminals have to be in the reception range of the beacon for understanding the management and control frames sent by CCHC.
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Figure 2: CCHC coordinating H2 terminals and 802.11 ESTAs. The figure indicates that all terminals/ESTAs are in the range of CCHC, which is required for QoS support. Note that this requirement is present for all standard QBSS. 

Figure 3 shows the CCHC frame structure. It can be seen that within the CCHC superframe with optional CFP, the CCHC allocates TXOPs in order to allow periodically scheduled H2 MAC frames. For resource sharing, the H2 terminals experience the periodic AP-Absence announcement by CCHC, a concept in H2 to allow the H2-AP or CC to stop transmitting the periodic broadcast frame. Originally, AP-Absence was defined to let the AP/CC perform channel measurements. QoS CF-Poll is used by CCHC to allocate TXOPs within the CP with high priority, i.e. after PIFS. In Figure 3, four TXOPs are indicated. The beacon defines the superframe structure and the TXOP limit broadcasted by CCHC via beacon frames. The first TXOP is allocated by CCHC. Because of this reason it is not restricted to TXOP limit in duration, but has to be finished before the end of CFP. However, the length of CFP is under control of the CCHC as well. Again, note that for QoS support in the normal HCF, which is the basis for CCHC, CFP is not necessarily required.
Another three TXOPs, which fall in the CP, are illustrated in Figure 3. The first two are allocated by ESTAs after contention, and their duration must not exceed the TXOP limit. Based on HCF, the CCHC may use various techniques to grab the channel in CP, as discussed in the next section. One way is illustrated in Figure 3 and Figure 4. There, CCHC uses its high priority and transmits the QoS CF-Poll frame addressed to itself in advance right after end of a TXOP. That is, after the TXOP it waits for the duration of PIFS in order to transmit QoS CF-Poll for scheduling the next H2 MAC frames, now within CP. In this case since there is no ESTA being polled, the QoS CF-Poll is addressed to itself, i.e., CCHC. By transmitting the QoS CF-Poll, the CCHC can suppress all the ESTA within the QBSS during the period it wants to use for the H2 MAC frames. There should be at least SIFS time gap between the QoS CF-Poll and the BCH of the following H2 MAC frame.
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Figure 3: The structure of the CCHC superframe. One superframe between two TBTTs is illustrated.  H2 MAC frames are scheduled within periodically repeated TXOPs
3.2 Allocation of TXOPs for H2 MAC frames

In order to make sure to initiate the H2 MAC frames as it scheduled, the CCHC needs to grab or claim the channel before the H2 MAC frame scheduled time instance. If the CCHC likes to initiate an H2 MAC frame at t=0, the CCHC should grab the channel within the time frame of [-1* (TXOP_Limit +  QoS CF-Poll frame duration + SIFS), -1* (QoS CF-Poll frame duration + SIFS)]. 
If the channel is idle at t = -1*(TXOP_Limit +  QoS CF-Poll frame duration + SIFS), then the CCHC should grab the channel at that moment. Otherwise the CCHC will need to grab as soon as the channel becomes idle. Note that by doing this, we are securing that the CCHC can grab the channel during the above-specified time window since an ESTA cannot occupy the channel over TXOP limit. 
There are basically two more different ways for the CCHC to grab the channel. One is to transmit some downlink (i.e., CCHC to 802.11 ESTA) frames as illustrated in Figure 5, and the other is to send QoS CF-Poll to grant TXOP to ESTA(s) as illustrated in Figure 6. Note that once the CCHC grabs the channel, it can continue to grab the channel by not allowing more than PIFS time between two channel grabbing methods. If there is enough time and relevant frames to do either of them, the CCHC can do so while securing the transmission of a QoS CF-Poll addressed to itself at t <= -1*(QoS CF-Poll frame duration + SIFS). If doing either of them is not relevant due to the situation, e.g., there is not enough time or the CCHC does not have any downlink frames nor any QoS CF-Poll scheduled, the CCHC can send a QoS CF-Poll addressed to itself immediately, and wait till the start of the scheduled H2 MAC frame(s). This case is indicated in Figure 3 and Figure 4. That is, in the worst case, the maximum length of the interval between QoS CF-Poll and the following H2 MAC frame is TXOP limit + SIFS. The duration of the TXOP granted by the QoS CF-Poll should be at least the sum of (1) the remaining time until the start of the scheduled H2 MAC frame(s) and (2) n* 2 msec, where n is the number of the scheduled H2 MAC frames. 
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Figure 4: QoS CF-Poll transmitted by CCHC and addressed to itself, as illustrated in the previous figure. QoS CF-Poll must be transmitted within the time frame of [-1*TXOP_Limit - QoS CF‑Poll frame duration - SIFS, -1*QoS CF‑Poll frame duration ‑ SIFS].
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Figure 5: CCHC transmits downlink frames right after PIFS and continues with H2 MAC frames.
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Figure 6: The CCHC grabs the channel by transmitting QoS CF-Poll to grant TXOP to ESTA(s). CCHC then continues to grab the channel by not allowing more than PIFS time between two TXOPs.

3.3 Overlapping BSSs

There are various types of BSSs, which may overlap with the hybrid QBSS coordinated by the CCHC. Overlapping IBSSs operate in DCF only, and follow the coordination of the HCF. Therefore, CCHC may be able to handle overlapping IBSSs, without any QoS compromise. Overlapping QBSSs, so-called OQBSSs share resources by either operating at another frequency channel or by applying policy-based sharing rules. Note that in case of OQBSS, another frequency channel may be selected by applying Dynamic Frequency Selection (DFS) as defined at Task Group H (TGh). DFS is further available for HBSS as part of H2. 

4 Conclusions

We propose a hybrid of 802.11e HC and H2-CC, called CCHC, which has both 802.11a/e and H2 MAC/PHY implementation. The CCHC renders the resource sharing between 802.11a/e and H2 without compromise of QoS supported by each system. Note that the proposed solution requires a single complex system, i.e., CCHC, while all other devices can be normal 802.11a/e STAs and H2 MTs/WTs. The proposed technique is a base for a coexistence and interworking as discussed at the 5GSG/TGj.
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