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Power Saving Strategies in IEEE 802.16m
Sunggeun Jin, Jaesun Cha, Sungcheol Chang, Wonik Kim, Kwangjae Lim, Hyun Lee, Chulsik Yoon
ETRI
1 Introduction
In the 802.16 standard, there are three types of Power Saving Classes (PSCs) in order to reduce power consumption. PSC type I is designed for Best Effort (BE) or Non-Real-Time Variable-Rate (NRT-VR) service while PSC type II is for Unsolicited Grant Service (UGS) or Real-Time Variable-Rate (RT-VR) service. PSC type III is recommended for multicast connections and management operations [1]. However, we find out several limitations in managing PSCs as summarized below:

1. Inappropriate PSC management: A Mobile Station (MS) manages each PSC independently, and hence, power consumption efficiency deteriorates accordingly.
2. Static configuration: Since PSC parameters are configured at connection establishment, an MS cannot cope with variations of traffic arrival patterns. 
3. No HARQ consideration: There happens missing HARQ ACK/NACK during unavailability intervals of a PSC. 
In this proposal, we discuss why the 802.16 PSC is not efficient and propose new strategies to enhance the power consumption efficiency.
2 Problems
2.1 Inappropriate PSC Management

The 802.16 standard designates PSCs are managed independently. Fig 1 shows an example about independent PSC management in which sleep windows of a PSC are overlapped with listening windows of other PSCs. It implies that time durations in which an MS can be powered down reduces as unavailable intervals become shortened
. Accordingly, power consumption efficiency deteriorates due to the overlapped windows. 
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Figure 1 Example of sleep mode operations.
In this figure, the stripe-patterned boxes indicate the overlapped windows, which might have provided potential power consumption efficiency enhancement.
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Figure 2 Sleep time.
In order to prove the statement that overlapped windows degrade power consumption efficiency, we obtain ratios between sleep time provided by a PSC and entire service time through simulations. In the simulations, a single connection is assigned to a PSC and the ratios are derived by dividing the time occupied for each PSC by entire service time. In Fig. 2, we observe that sleep time of PSC type I occupies 41.62 % while that of PSC type II does 72 %. However, an MS suffers from small portion of sleep time compared with entire service time because of the overlapped listening and sleep windows for two PSCs. For this reason, the overall occupied time becomes only 7.04 %.
When an MS is served with RT-VR service, typically, small-sized traffic arrives periodically and the corresponding QoS requirements are stringent. In this case, Base Station (BS) is required to forward the traffic to the MS in time. Contrarily, traffic for BE does not have such QoS requirements, and hence, delayed traffic arrivals may not incur significant service disruptions. The different feature can be used for managing different types of PSCs. 

2.2 Static Configuration

When establishing a PSC, both BS and MS negotiate PSC-related parameters, and then, the both keep the parameters unchanged. However, it is not easy to estimate the most appropriate size of listening window, in which an MS can receive traffic. For example, in spite of the fact that RT-VR traffic arrives periodically, the amount of the traffic could vary depending on unexpected factors. In some cases, BS possibly exhausts available resources during listening windows in forwarding traffic to an MS, thus resulting in dropping a part of the traffic. In order to handle such a case, listening windows should be flexibly controlled.
Additionally, it is not easy to determine sleeping window size for BE service. When PSC type I is employed and an MS employing the PSC is allowed to receive listening windows without awaking, it is possible that the size of sleeping window would become the maximum value as it can be. In this case, the long sleeping window could cause high service latency. However, too long sleeping window is not desirable even if BE service is not sensitive to delay. Accordingly, it is required to reduce the excessive high latency for BE service.
2.3 No HARQ Consideration
HARQ is optional. However, it would be essential to practical service since it can mitigate wireless link errors significantly. When channel errors happen, HARQ retransmission is performed in an available interval. In this case, the retransmission time could exceed the available interval. It implies either HARQ retransmission is deferred to the next available interval or HARQ operation is failed. The either is not recommended due to the occurrence of service disruption.
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Figure 3 Undesired behavior of HARQ when PSC is activated.
3 Proposals

In order to enhance power consumption efficiency, we propose new strategies considering the limitation explained in the previous section. 
3.1 PSC Management

When PSC type I is utilized together with PSC type II, the listening windows of PSC type II tends to shadow the sleep windows of PSC type I, thus resulting in decrease of unavailable interval. Accordingly, PSC type I should be prohibited when PSC type II is employed.
3.2 Adjustable Parameter for PSC Type I 
In order to cope with bursty traffic arrivals, the listening windows are required of temporal extension. For the purpose, we provide a scheme as follows:
1. In case that an MS receives an MPDU in listening window, a temporal window begins at the point in the listening window, and then, it lasts for the temporal window duration, which is negotiated at a beginning of a PSC. 
2. Whenever the MS receives an MPDU during a temporal window, a new temporal window begins at the point.
3. In case of no MPDU arrival during a temporal window, the MS can sleep until next listening window.

In order to prevent excessive high latency for BE service when traffic_triggered_wakening_flag = 0, size of a sleep window should be adjustable to BE traffic arrivals. For the purpose, we provide a scheme to find a sleep window suitable for BE traffic arrivals as follows:
1. In case that a sleep window becomes 
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× initial-sleep window, where Nth, is threshold negotiated at the beginning of a PSC type I and at least a single MPDU is forwarded to the MS in sleep mode, both the MS and BS begin an iterative procedure to find the most suitable sleep window. Otherwise, the sleep window becomes (2 ×
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2. Once the iteration begins, the both assume 
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 as a beginning constant for a first iteration and obtains a new sleep window by (
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) × initial-sleep window. Then, the both repeatedly check MPDU arrivals during newly-obtained sleep window. In each iteration, sleep window decreases by 
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 upon MPDU arrival. Otherwise, it increases as much as
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3. The iteration is terminated at a predefined condition.

Alternatively, a sleep window is controlled dynamically in an implicit manner depending on MPDU arrivals as follows:
1. The length of the next sleep window = the length of the current sleep window × 2

2. The length of the next sleep window = the length of the current sleep window / 2 or the length of the current sleep window depending on initial negotiation
BS and MS shall negotiate the capability for the adjustable configuration at the beginning of PSC. The parameters required for the negotiation is summarized as follow
· Start frame

· The length of listening window

· The length of initial sleep window

· The maximum length of the sleep window

· Parameters for sleep window management strategies.
3.3 Adjustable Listening Window for PSC Type II

We provide several power saving strategies to support real-time services as follows:

1. Basically, the size of listening windows is fixed. Particularly, when there remains residual time in a listening window after traffic transmission, the listening window can be shortened by transmitting a subheader (or a flag in a MAC header) in an MPDU. When an MS receives the subheader (or a flag), it can sleep until next listening window. Otherwise, it can sleep from the end of listening window. If an erroneous subheader is found, the MS sleeps from the end of listening window.
2. This capability needs negotiation at the PSC assignment.

3.4 HARQ Support

HARQ retransmission could cause service disruption against satisfactory services. In order to prevent the disruption, listening windows need to temporarily extend to cover HARQ retransmission. For the purpose, BS and MS continue to conduct HARQ operation until successful termination of HARQ retransmission.
5 Proposed Text for the 802.16m SDD
============================== Start of Proposed Text =================================
6. 11 Enhanced power saving

6.11.x Considerations
It is necessary to consider unavailable interval extension, parameter adjustment and HARQ support in order to enhance power saving as follows:
· PSC management: PSC type I should be handled without PSC type II. In case that an MS employing PSC type I activates a new PSC type II, PSC type I is deactivated. Thereafter, either an additional PSC type II is activated reflecting the parameters for the deactivated PSC type I or an activated PSC type II takes over the parameters for the deactivated PSC type I.

· Adjustable parameters: PSC-related parameters regarding sleep and listening windows are adjustable to on-going sessions depending on traffic arrival patterns 
· HARQ support: In order to prevent abnormal packet droppings, listening windows can be extended temporarily.

============================== End of Proposed Text =================================
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� Available interval is time duration that an MS managing a PSC wakes up to receive traffic while unavailable interval indicates time duration that the MS does not.
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