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Configuration of Sleep Window for IEEE 802.16m Sleep Mode Operation
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1. Introduction and Problem Statement

In order to enhance the power conservation, the power saving class (PSC) shall be designed to imitate the traffic pattern as much as possible. In the 802.16e-2005 standard [1], three types of PSCs are specified to support real-time, non-real-time, and multicast connections respectively. According to the 16m SDD specification for the sleep mode [2], a single PSC is managed to handle all the active connections per MS. We think that some basic sleep patents should be considered for different traffic types even though a single PSC is considered in 16m system. The conventional PSC of type I and II are reasonable to be considered as the basic sleep patterns for non-real-time and real-time connections respectively. 

In some case, however, the PSC of type I may increase the unnecessary energy waste and latency. Figure 1 illustrates the sleep mode operation of PSC of type I, which includes the concept of listening window extension. When the MS is in the sleep duration, it wakes up to listen DL command with exponentially expanded window. From the figure, it can be observed that there is energy wasting if the arrival interval of bursty data is long. Moreover, long latency is induced if the DL packet is generated within two listening windows.
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Figure 1: Illustration of sleep mode operation of PSC of type I.

2. Proposed Scheme

Some types of non-real-time traffic, such as the HTTP and FTP, have bursty characteristic and between two consecutive bursts, there is a long silence period, i.e., reading time. It is power-wasting when the exponential sleep window starts off right after a DL data reception. In this contribution, we propose to modify the sleep window of the conventional PSC of type I by inserting an idle offset period, to imitate the behavior of reading time. During the idle offset period, the counter of sleep window is frozen.

Figure 2 illustrates the sleep mode operation of the proposed scheme. It can be seen that the offset is insert between a DL reception and the following first listening window. If the offset is assigned appropriated (i.e., equal to the inter-burst arrival time), the energy waste and latency are eliminated as shown in Figure 2(c). Practically, it is difficult to determine the idle offset precisely. As shown in Fig 2(a) and 2(b), the offset may be slightly shorter or longer. However, in either case, the energy wasting and latency are still reduced considerably. The value of idle offset period can be estimated by statistics of on-going traffics.
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Figure 2: Illustration of sleep mode operation of PSC of type I using the offset concept.

3. Simulation Analysis

In the simulation, the BE type of traffic which follows an on/off traffic pattern (e.g., HTTP and FTP) is simulated. Only the DL traffic is simulated since the typically UL traffic is minimal in these applications. Therefore, the MS-initial sleep mode is adapted, which is triggered after 20 ms of observed inactivity. The start frame of sleep duty cycle follows the MOB-SLP-REP message immediately. The total simulation time is 10 minutes.

Figure 3 shows the performance comparison of listening window radio between conventional PSC of type I (16e-w/o-offset) and the proposed method (16e-w/-offset) under different mean reading time (burst inter-arrival time). It is observed that the listening ratio is decreased while the mean reading time is increased. This can be explained by the characteristic of exponentially extended sleep window which will reduce the number of listening window. In Figure 3, it also can be seen that the 16-e-w/-offset outperforms the 16e-w/o-offset under different mean reading time, especially for the shorter reading time. This is because that the idle offset imitates the traffic pattern as much as possible and the number of unused listening window is reduced successfully.

Figure 4 shows the performance comparison of latency between two schemes under different mean reading time (burst inter-arrival time). It is observed that the latency is increased while the mean reading time is extended. Actually the longer sleep window may increase the longer latency. When the reading time is extended, the length of the last sleep window is longer and the latency is increased. However, it can be observed that the 16e-w/-offset always outperforms 16e-w/o-offset and the latency is reduced about 100 frames under different mean reading time. It can be explained by that the 16e-w/-offset scheme moves the repeated maximum sleep windows from the end to the head of the sleep mode, as shown in Figure 5. The length of the last sleep window is shorter than the maximum value and consequently reduces the latency.
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Figure 3: Performance comparison of listening ratio under different mean reading time (burst inter-arrival time).
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Figure 4: Performance comparison of average delay under different mean reading time (burst inter-arrival time).
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Figure 5: MS state with longer reading time (longer burst interval-arrival time)

4. Conclusion

In 16m system, a single PSC is managed to handle all the active connections per MS. However, some basic sleep patents should be considered for different traffic types to imitate the traffic pattern as much as possible. The conventional PSC of type II is reasonable to be considered as the basic sleep pattern for real-time connections. As for the non-real-time connections, the conventional PSC of type I with idle offset is suggested to be considered. It reduces the unused listening windows and latency successfully. Algorithm for estimating the offset length is outside of the scope of the standard.

5. Proposed Text for SDD

-------------------------------  Text Start  --------------------------------------------------------------------------------------

[Modify Section 10.4.1.1 in IEEE 802.16m-08/003r5 as follows]
10.4.1.1 Introduction
Sleep mode is a state in which an MS conducts pre-negotiated periods of absence from the serving BS air interface. Per MS, a single power saving class is managed in order to handle all the active connections of the MS. Sleep mode may be activated when an MS is in the connected state. When Sleep Mode is active, the MS is provided with a series of alternate listening window and sleep windows. The listening window is the time in which MS is available to receive and send signaling and/or data from and to the BS. 
The IEEE 802.16m provides a framework for dynamically adjusting the duration of sleep windows and listening windows within a sleep cycle based on changing traffic patterns and HARQ operations. The duration of sleep window can be expotially expanded or fixed.
Sleep windows and listening windows can be dynamically adjusted for the purpose of transport data as well as MAC control signaling transmission. MS can send and receive transport data and MAC control signaling without deactivating the sleep mode.

-------------------------------  Text End  ---------------------------------------------------------------------------------------
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