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Sleep mode for IEEE 802.16m system 

Ke Zeng，Lei Jin, Juejun Liu, Sean McBeath
Huawei Technologies
Xin Su, Xiaofeng Zhong

Tsinghua University 
1. Introduction

Sleep mode is an effective way for MS to save power while, at the same time, maintaining an active traffic connection. In IEEE 802.16e, frame based sleep mode is utilized. In this contribution, we provide some recommendations for sleep mode with different levels of time granularity: subframe based sleep mode and frame based sleep mode. Subframe based sleep mode is performed according to MAP relevance (control relevance). These two kinds of sleep mode represent different levels of power savings, and, according to the mobile station’s traffic activity the level of sleep mode can be changed.
2. Subframe Based Sleep Mode
In IEEE 802.16m, the minimum scheduling granularity is a subframe. Depending on the amount of traffic for an MS, QoS requirements, and scheduling algorithms, there may be an opportunity for subframe level power savings.  To enable this type of sleep mode, BS and MS negotiate a set of subframes in which the MS monitors the control channel.  In the remaining subframes, the MS does not monitor the control channel.  This negotiation can be handled in many ways using MAC signaling.  In this contribution, we illustrate the signaling using a bitmap, where each bit corresponds to one DL subframe.  In this bitmap, the value ‘1’ indicates that the MS should monitor control, and the value ‘0’ indicates that the MS should not monitor control.  The MS can also obtain a set of UL subframes based on MAP relevance and HARQ timing (if different).
For example, referring to Figure 1, consider a 802.16m TDD system with a DL/UL ratio of 4:4 and a UL-MAP relevance of 4.  Further, consider that the BS and MS negotiate that the MS only monitors the control channel in the second subframe by setting the sleep mode bitmap to ‘0100’.  Based on this negotiation, the MS knows to only monitor the control channel in the second DL subframe (DL1) and, based on MAP relevance, knows that it will only be required to transmit on the UL in the second UL subframe (UL1).  The MS can use this knowledge to enter a reduced power state in the remaining subframes.  
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Figure 1.  Example of Subframe Level Sleep Mode
3. Subframe & Frame combined sleep solution

Subframe based sleep mode and frame based sleep mode can be combined to form a two level sleep solution. MS first negotiate with BS according to frame based sleep mode to get its available and unavailable interval. This is just as IEEE802.16e does. Then, MS and BS get subframe sleep pattern as section 2 does for MS available interval. In this two level sleep solution, MS can shut down some components, do neighbor scanning or do any thing else during its unavailable interval. In MS available interval, data transmission and reception are arranged according to subframe sleep pattern. Figure 2 is an example of the combined sleep solution. 2 frame length available interval and 2 frame length unavailable interval are interlaced. Subframe sleep pattern is as in figure 1.
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Figure 2. Example of two level sleep solution
4. Recommendations for Frame Based Sleep Mode
In 802.16e, power saving classes (PSC) is used. There are three types of PSC: 
· PSC type I is recommended for BE and NRT-VR traffic
· PSC type II is recommended for UGS and RT-VR traffic
· PSC type III is recommended for multicast traffic and some management operations
Since BE and NRT-VR traffic is delay tolerant, moderate delay will not affect the user experience and will increase the flexibility in terms of BS scheduling.  A MS may have several simultaneous BE and NRT-VR connections, and each service may have different start time, duration and QoS parameters. However, due to the delay insensitivity, during the scheduling process, the BS can deliberately introduce delay to some services to align all services with the same listening window.
Recommendation 1:

For PSC type I, the number of PSC should be limited to 1. This PSC contains all BE and NRT-VR connections. This will simplify operations such as PSC definition, availability interval calculation and so on.
PSC type III defines a one time sleep window. After the sleep window expires, the MS can receive multicast data, perform periodic ranging, and other operations. Many other methods can be used to replace PSC type III. For multicast data and management operations, a new message can be defined or the wake-up time can be piggybacked in MOB-SLP-RSP.
Recommendation 2:

PSC type III is not necessary.

CQI is used by the BS as a means of link adaptation.  In active mode, CQI is periodically reported by the MS.  When the MS goes into sleep mode, its available time and unavailable time are interlaced.  In its unavailable time, the MS can shut down some components.  Consequently, CQI reporting should not be located in the MS’s unavailable time.  For non-periodic service, it is difficult to predict when the next data will arrive, so from the base station’s perspective, it is impossible to allocate CQI resources just before the arrival of data.  For periodic services, such as VoIP, frequency diversity is commonly used to overcome fading, so CQI does not need to be transmitted frequently.  For example, it is acceptable that the CQI be transmitted every 40ms.
Recommendation 3:

CQI report does not need to be sent during the MS’s unavailable time.

4. Summary 

In this contribution, we propose a sleep solution for IEEE 802.16m system. Two kinds of sleep mode are discussed: subframe based sleep mode and frame based sleep mode.    These two types of sleep mode are utilized based on different power saving levels and traffic patterns.  Subframe based sleep mode plus frame based sleep mode is used for real time traffic to realize power saving and the timing of the HARQ process.  Subframe based sleep mode is also used when MS wakes up.  We also provide some simplification and optimization for frame based sleep mode, including: PSC number and PSC type number reduction (recommendation 1 and 2), sleep mode and CQI reporting (recommendation 3). 
Proposed Text for SDD

[Insert the following text into SDD Section 10 – Medium Access Control Sub-Layer]
------------------------------------------------------Start of the Text----------------------------------------------------

10.x. Sleep Mode Management

10.x.1 Frame Based Sleep Mode

10.x.1.y Power Saving Class I
PSC type I is recommended for BE and NRT-VR traffic. The number of PSC should be limited to 1. This PSC contains all BE and NRT-VR connections

10.x.1.z Power Saving Class II
PSC type II is recommended for UGS and RT-VR traffic.
10.x.2 Subframe Based Sleep Mode

In this sleep mode, BS and MS negotiate a set of subframes in which the MS monitors the control channel and knows which UL subframe to transmit based on the control relevance. In the remaining subframes, the MS does not monitor the control channel. 
10.x.3 Frame & Subframe Combined Sleep solution
Subframe based sleep mode and frame based sleep mode can be combined to form a two level sleep solution as shown in Figure 10.y
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Figure y. Example of two level sleep solution
-------------------------------------------------------End of the Text----------------------------------------------------
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