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Sleep Mode Considerations For a Device-based Power Saving
Mamadou Kone, Ming-Hung Tao, and Ying-Chuan Hsiao
ITRI
1-802.16e issues and Propositions

In 802.16e there are three types of power saving class (PSC) defined according to the connections common demand properties. The PSC type 1, based on BE and NRT-VR connections, starts with an Initial sleep window and a fixed listen window to monitor MOB_TRF_IND for DL data. Whenever the received traffic indicator does not signal incoming data and MS does not have any UL data to send, the next sleep window will be twice the previous length. This process continues until reaching an upper bound of sleep window. The PSC type 2 is usually representative of RTVR and UGS traffic; as so, it has a determined sleep and listen window length alternating during the sleep mode period. PSC type 3 indicates management messages and multicast data and is represented by a unique sleep window where MS awakes on next expected periodic ranging or data. It is from these three types of power saving class that the device power saving mode will be defined as illustrated in figure 1 below.

It goes without saying that when the number of the different PSCs defined above increases, the overlapping of their different windows may not necessarily produces good unavailability interval for power saving. This is be observed despite the alignment optimization used to improve the different PSCs window overlapping.


[image: image1]
Figure 1. Three PSCs produce the device power saving mode

Two important performance factors have to be considered for MS operating in sleep mode:

1- MS power consumption 

· Strongly depending on the number of PSCs in the power management mode

2- Signaling load generated by MS in sleep mode 

· traffic indications from the network 

· Random handovers from the MS over the cell boundary in sleep mode

1.1 Issue related to PSC type 1

In case type 1 connections coupled with type 2 connections: It can be observed that in the actual form of sleep mode, PSC type 1 doesn’t bring subsequent improvement in power saving when coupled with PSC type 2. 

Issue 1: Coupled with PSC type2, the PSC type 1 may even increase the power consumption of MS without any improvement of the sleep mode by extending the availability period as observed in figure 1. If the power saving was only based on PSC type 2 in figure 1, its unavailability interval could have been important than the actual overlapping of the two PSCs.

Issue 2: whenever a traffic indication is positive, MS deactivates that PSC to receive packets and only after receiving all packets that it reactivates the PSC power saving mode after signaling with BS about the start offset. If there were other PSCs running they will not have any effect on the power saving, because the device mode remains activated for power consumption as in figure 2 below.

Therefore, we can notice that PSC type 1 is not adequate for power saving when coupled with PSC type 2 and could be enhanced. 

The two issues have been illustrated below.

[image: image2]
Figure. 2 PSC type 1 influence on PSC type 2 during power saving
In case there are only type 1 connections: There will be likely one type of PSC, the traffic indication is still expected after any sleep window, with possible deactivation of the power saving. 

Issue1: Use of traffic indication at every listen window to indicate whether there is incoming data burst or not. After a deactivation due to incoming data, a signaling is still used to reactivate the power saving mode. The same problem occurs when MS has data to send, because it stops the device power saving and send its data.
Issue 2: Even though the traffic indication may signal no incoming data burst, the PSC type 1 still consumes power during the entire listening window length. 

All these procedures involve unnecessary power consumption and also generate a loaded signaling, although some could be avoided


[image: image3]
Figure 3 The old PSC type 1 behavior and the new proposal behavior

1.2 Issue related to PSC type 3

There are three problems related to PSC type 3:

1. There is no real listen window; instead, it deactivates the unique sleep window to receive data and later uses signaling fashion to reactivate its sleep mode. So there is no alternating sleep windows and listen windows, see figure 4 below

2. The power saving mode may be deactivated for a “certain period” of time before being reactivated by messages exchanges. This will be true even though the coupled PSC of other type is running and could save power. (refer to figure 1).

3. The last issue is that when we have only a type 2 and a type 3, the type 3 may stop the device power saving because of its deactivation, while it could still be avoided.


[image: image4]
Figure 4 Representation of actual PSC type 3 
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Figure 5: Unique PSC including type 1 and type 2 with too long sleep for type 1
2-Toward a user based sleep mode

From the above section discussion on 802.16e it appears that the actual definition of power saving classes may be a drawback to efficient power saving. This is because PCSs are based on connection common demand properties than the device as a unique mode. The actual trend which may reduce the protocol complexity is to design a power management based user instead of based data flow. As so, a unique PSC could be designed which will adapt itself to the different connection behaviors and also keep the signaling level lower.

Therefore a power saving class which incorporates all the PSCs types in one class, and still adaptively responds to their demand could be defined. It will have a listen and sleep length predefined which could be changed according to the different types of connection behavior using timer or signaling fashion. 

That PSC first definition could be based on the averaging of all the connections of type 2, if existing,  to determine its sleep and listening windows. For supporting data burst transfer and sending, at each opportunity to listen the PSC can offer an opportunity to send data burst and received using a timer to determine when to go back to sleep.

The point here is to decrease the signaling of always increasing the active length through messages. Instead we propose a semi-determined unique PSC completely dynamic based on timers which are used to adjusted the listen and sleep windows. It goes without saying that when data burst are pending, no signaling is needed, but the data will be transferred. In case not all the data have been transferred, depending of the BS’s buffer to hold these data until the next long period of listening, a timer can be used by MS to extend the listen window 
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3-Proposed Text in SDD

X.xx Sleep mode operation

Sleep mode operation uses connection behaviors to design a unique device based power saving framework.
A mechanism for adaptively adjusting sleep patterns (i.e. duration of sleep and listening windows) based on traffic pattern without deactivating the sleep mode should be provided.. 

This device based power saving framework uses efficient timers that enables maximum MS power saving and reduces the air-link resource usage associated with sleep mode signaling. 
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Length of the predicted type 3 inactive time is reduced to comply with BS buffer





Length of the predicted type 3 inactive time ok for BS to buffer data burst





Data reception timer expires without any data, then MS goes to sleep PSC





Data reception timer expires without any data, then MS goes to sleep PSC





Receiving type 1 data burst





Traffic indication message=Yes





Receiving type 3 data





Traffic indication message=Yes





Receiving type 3 data












































Deactivate the PSC at the end of sleep window





Exchanging with BS to reactivate the PSC





Receiving data





Timers of Type 1 data reception end without any data burst reception





First opportunity for sending burst, but no burst, then works as PSC 2





Second opportunity: traffic indication message=Yes





Timers of Type 3 data reception end without any data burst reception





Listen matches with  type 3 connections data reception





MS goes to sleep for the remaining of the sleep window at the end of the timer





Length of the predicted type 3 inactive time match with listen





Traffic timer starts and ends no data burst received





Message exchange to return to sleep





Data reception timer reached, MS sleeps





Traffic timer starts and ends no data burst received





Data burst received before timer ends





Traffic indication message=Yes





Traffic indication message=No





Traffic indication message=No





Send and receive signal from BS to reactivate PSC1





Sending UL data burst





Even though the PSC type 2 could be still running, the device power saving is interrupted.





UL data burst to send





Availability interval





Unavailability interval





Receive signal from BS to reactivate PSC1





Receiving DL data burst





Even though the PSC type 2 could be still running, the device power saving is interrupted.





Traffic indication for DL positive





Availability interval





Unavailability interval





Device mode –unavailable (and may power down) when all PSCs are in sleep windows





PSC type 2 – listening window of constant size and sleep window of constant size








PSC type 1 – listening window of constant size and doubling sleep window
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Unavailability interval









  


